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Section 1
Chapter

1
Introduction
Basic clinical approaches to diagnosis

Bruce L. Miller

There are few areas in all of medicine that are more
difficult, yet gratifying, than the assessment, diagnosis
and treatment of patients with cognitive complaints.
Since the mid 1990s there have been dramatic changes
in the accuracy of dementia diagnosis with improve-
ments seen not only for Alzheimer’s disease (AD), but
also many of the other non-AD conditions including
frontotemporal dementia (FTD), dementia with Lewy
bodies (DLB), vascular dementia and Jakob–Creutzfeldt
disease (CJD). Simultaneously, better detection and
differential diagnosis of mild cognitive impairment
(MCI), a condition that often represents an early stage
of a specific degenerative or cerebrovascular condition,
is now possible. One of the major reasons for these
improvements is that research is helping to reveal
specific roadmaps for the detection of each of these
conditions, while simultaneously devising systematic
approaches to rule out potentially treatable non-
degenerative etiologies for cognitive impairment.

In this chapter, a simple approach to dementia
at the bedside is described and clinical diagnosis is
outlined with regards to the following categories:
� the history
� the examination including cognitive, behavioral,

medical and neurological findings
� laboratory testing including genetic testing and

Additionally, a simple approach to treatment of the
varied dementing conditions is described. With the
approaches outlined in this chapter, a clinician can
make highly accurate diagnoses for all of the major
degenerative and vascular dementias and MCI, while
simultaneously generating appropriate treatments
once a diagnosis has been made. Although the features
of all of these neurodegenerative disorders is described
in a more comprehensive fashion throughout the

book, this chapter is meant to serve as an introduction
to dementia, emphasizing a simple approach to diag-
nosis and treatment.

The history
No component of the diagnostic process is more
important than is the history. Beyond its value for
diagnosis, the historical features of the illness allow
the clinician to quantify the burden of the disorder
upon the caregiver, and define an approach to the
treatment of both the dementia and the associated
medical and psychiatric conditions. Additionally, the
history offers important insights into whether or not
non-standard laboratory testing such as genetic testing
will be needed. For the primary care physician, the
history is the primary guide as to whether or not
a referral to a specialist will be necessary.

The history begins with determination of the first
symptoms and with tracking of symptom progres-
sion. When a history is precisely taken, the clinician
should be able to describe in vivid detail specific
episodes that show a change from prior levels of
function, and define a linear picture of how the dis-
order has progressed and fluctuated. The greater the
specificity in the history, the greater is the likelihood
that the clinician will be able to derive an accurate
diagnosis. Ideally, the patient's history should be
recorded like a script in a documentary movie, with
a detailed story-line that is agreed upon by the patient

conditions are unable to track the symptoms of their
illness accurately and, therefore, primary and collat-
eral sources should always be sought. Defining the
first symptoms and those that follow the initial com-
plaints will help to determine where in the brain the
dementia begins and to where it has spread. Often, in
the more advanced stages of dementia, whatever the
etiology, the pathology has spread diffusely making
diagnosis difficult based upon current symptoms or
findings. Therefore, even in advanced cases, focusing
upon first symptoms will be the key to diagnosis.

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
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Patients with AD usually begin with forgetfulness
because in this disorder pathology typically starts in
the hippocampus. If progressive problems with speech
or language are the first symptoms, an FTD-related
condition such as non-fluent aphasia or semantic
dementia is the major consideration. Prominent
behavioral or personality changes such as disinhibi-
tion, apathy, compulsions, overeating, loss of sym-
pathy and empathy for others suggest FTD, while
visual deficits as an early feature suggest posterior
cortical atrophy. Visual hallucinations or delusionalmis-
identification syndromes as early features of a dementia
usually point to DLB. The presence of motor symptoms
should be queried. Frequent falls are characteristic of
progressive supranuclear palsy (PSP), or sometimes
vascular dementia. Early movement abnormalities
suggest the possibility of parkinsonian-dementia syn-
dromes, such as DLB, PSP or corticobasal degener-
ation (CBD). Vascular dementia and CBD can begin
with asymmetric motor findings.

Most of the degenerative dementias follow a
slowly progressive and non-fluctuating course. In
patients in whom symptoms vary from moment to
moment or day to day, DLB and vascular dementia
should be considered. Conversely, in patients who
progress rapidly, an entirely different set of disorders
must be considered including CJD, paraneoplastic
syndromes, encephalitis, vasculitis, and metabolic
disorders. Because patients with DLB are delirium
prone, this disorder sometimes begins in an acute or
subacute fashion.

A functional assessment of the patient is critical
for the determination of the level of cognitive impair-
ment and for helping to guide the family on manage-
ment and outcome. Patients with mild cognitive
impairment should have relatively normal day-to-day
function, while completely normal day-to-day activities
are more typical of individuals in whom cognition is
normal.

The psychiatric history is not only critically
important for differential diagnosis but also helps
the clinician to target symptoms and behaviors with
specific medications. Symptoms suggestive of depres-
sion, psychosis or anxiety should be sought and are
typical of subcortical disorders but occur to a limited
degree with all neurodegenerative conditions. Simple
statements that a patient is depressed should not
be accepted at face value. Apathy is common in
dementia and does not necessarily represent depres-
sion. Pseudo-dementia due to depression is relatively
rare in AD but the co-occurrence of dementia and

depression is common. REM sleep-behavior syndrome
is a characteristic of synuclein-related disorders
including DLB, Parkinson's disease (PD) and multi-
system atrophy, while sleep apnea can greatly exacer-
bate cognitive deficits. Understanding the nature and
severity of psychiatric disturbances can be facilitated
with questionnaires like the Neuropsychiatric Inven-
tory or Geriatric Depression Scale. One of the major
responsibilities of the clinician is to make sure that
the caregiver is coping with the illness, and referrals
of the caregiver for psychiatric care should always be
considered.

Past illnesses and medications are a key component
of the history. Anxiolytics, anticholinergic and anti-
psychotic compounds can have profoundly negative
influences upon the behavioral and cognitive status
of patients, and current and past medications need to
be reviewed carefully. Similarly, an acute change in
cognitive status should trigger the search for toxic,
metabolic or infectious diseases.

Mental status testing
Mental status testing is helpful for staging the
dementia, for differentiating one dementia from
another and for understanding how the cognitive
deficits influence day-to-day behaviors. A variety of
screening tools are available to help the clinician to
search for cognitive deficits, but it is critically
important that the strengths and limitations of these
screening tools are understood. The Mini-Mental
State Examination (MMSE) is an excellent tool for
following AD, FTD, DLB and many other dementias
once a diagnosis has been made. Additionally, the
dementing conditions tend to show somewhat dis-
tinctive patterns on the MMSE. Patients with AD
tend to fail on orientation, recall and sometimes the
intersecting pentagons; patients with FTD often have
trouble with “world” backwards and patients with
DLB have particular difficulty correctly drawing the
intersecting pentagons and spelling “world” back-
wards. A shaky tremulous drawing or micrographia
on the sentence or the copy of the pentagons suggest
a parkinsonian disorder. Similarly, the copy should
be analyzed for evidence of neglect, a sign of vascu-
lar dementia or CBD. It is important to realize that
the MMSE is not sensitive to early dementing con-
ditions of any kind, and tends to underestimate the
severity of dementia in patients with frontosub-
cortical disorders such as FTD, PSP or Huntington's
disease.

Section 1: Introduction
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More extensive neuropsychological testing than
the MMSE is necessary for patients with mild disease
and to help with differential diagnosis. At the Univer-
sity of California at San Francisco (UCSF), we have
constructed a bedside cognitive battery that probes
working and episodic memory, animal and “d” word
generation, alternating sequences, inhibition, drawing,
language fluency, comprehension, naming, repetition
and emotion recognition. The numbers generated
from this battery prove valuable for determining
whether or not there are longitudinal changes in
cognition, either positive or negative. Also, this bat-
tery helps to define patterns of deficits, data that are
critically valuable in differential diagnosis. Typical
AD patients show problems with episodic visual and
verbal memory, animal generation and sometimes
drawing, with relative sparing of language and emo-
tion recognition. There is a very different pattern in
FTD, with poor performance in executive functions
including working memory, “d” generation, alternat-
ing sequences and emotion recognition, with relative
sparing of drawing and episodic memory. In progres-
sive non-fluent aphasia (PNFA), cognitive perform-
ance is remarkably normal with the exception of
word fluency, “d” generation and sometimes alternat-
ing sequence speed. Patients with semantic dementia
show profound deficits in naming that are not
improved by clues, along with deficits with episodic
verbal memory and animal generation, while DLB
is characterized by abnormalities in drawing and
sometimes executive function.

The quality of cognitive testing and interpretation
is extremely variable and the clinician should be able
to perform their own cognitive testing and interpret
reports from others. Normal performance on difficult
mental status tasks is reassuring but when patients
have persistent complaints, repeat testing may be
indicated. Having a quantitative measure is particu-
larly helpful in determining whether or not a patient
has progressed over time.

Psychiatric and behavioral
observations
Good clinicians understand the importance of bed-
side observations for differential diagnosis of demen-
tia. Most patients with MCI, AD and PNFA are well
behaved and socially correct. In contrast, in FTD,
patients may come to their appointments inappropri-
ately dressed, poorly groomed or exhibit inappropri-
ate behaviors including grandiose comments, undue

familiarity, repetitive motor behaviors, inappropriate
staring or aversion of eye gaze. The absence of a smile,
averted eye gaze, a soft voice that trails off and crying
are features of a major depression. Similarly, para-
noia, psychosis and hallucinations are often apparent
in the interview with the patient. Not only are these
symptoms helpful for differential diagnosis but they
also aid in the targeting of specific behaviors with
medications.

The medical and neurological
examination
The general examination should be performed to search
for evidence of hypertension, cardiac arrhythmias, heart
failure, skin infections or bruises, pulmonary disease,
anemia, jaundice or other evidence for systemic
illness. Medical illnesses can cause cognitive impair-
ment and can exacerbate or worsen subtle cognitive
disorders caused by an underlying degenerative dis-
order. It should be noted that cerebrovascular risk
factors predispose to both vascular dementia and to
AD. As the degenerative disorders worsen, patients
become less able to describe symptoms of medical
illnesses, including pain. This makes it particularly
important for the clinician to look carefully for med-
ical conditions that might be exacerbating cognitive
or behavioral symptoms.

The neurological examination is central to differ-
ential diagnosis. With classical AD, the neurological
examination remains normal until the late stages of
the illness. Therefore, features of parkinsonism in
patients with mild dementia should suggest other
disorders such as DLB, PSP or CBD. The DLB
parkinsonian features are often slightly atypical but
can include facial bradykinesia, a soft festinating
voice, cogwheel rigidity, tremor, slowing of move-
ment, micrographia and stooped posture with a festi-
nating gait; these should suggest DLB. Axial rigidity, a
stare, vertical gaze disturbance, square wave jerks of
the eyes and frequent falls typify PSP, and asymmetric
parkinsonism, ocular apraxia, dystonia and alien limb
occur with CBD. Prominent autonomic symptoms
such as orthostatic hypotension can occur with DLB
but reflect multisystem atrophy. Pseudobulbar affect,
uncontrollable laughter and crying associated with a
brisk jaw jerk, is seen with amyotrophic lateral sclerosis
(ALS), PSP and vascular dementia. Asymmetric pyr-
amidal deficits are seen with cerebrovascular disease.
Rapidly progressive dementia with parkinsonism
brings up the possibility of CJD.

Chapter 1: Basic clinical approaches to diagnosis
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Laboratory testing and neuroimaging
The American Academy of Neurology has recom-
mended a complete blood count, electrolytes, blood
urea nitrogen (BUN) and serum glucose as part of the
work-up for patients with memory complaints. Beyond
these simple measures the clinician should remain
flexible and adapt the evaluation to the conditions that
are suggested by the patient's clinical syndrome.
Elevations of serum calcium and phosphorus should
be sought if there is a history of cancer, somnolence
or bone pain. Liver failure should be considered in
patients with dementia in whom chronic hepatitis
or alcoholism is present. Neurosyphilis is exceedingly
rare, and false positives are common with current
screening techniques. For this reason, the rapid
plasma reagin (RPR) test is no longer recommended
for routine measurement. An electroencephalograph
(EEG) is important in patients with spells, or fluctuat-
ing alertness. Lumbar puncture should be considered
in patients with chronic headache, rapidly progressive
changes or exposure to Lyme disease, human immuno-
deficiency virus (HIV) or syphilis.

Genetic testing should be considered in patients
with autosomal dominant patterns of dementia.
When genetic testing is performed, it should be done
in conjunction with formal genetic counseling so that
the patient is truly informed regarding the potential
good and harm that can accompany this process.
Presenilin 1 is the most common mutation for early-
age-of-onset AD, while tau and progranulin mutations
account for the vast majority of mutations linked
to FTD. It is generally accepted that apolipoprotein

polymorphisms should not be tested as their presence
does not rule in or rule out AD.

Some sort of structural image should be per-
formed in all patients with suspected dementia.
Magnetic resonance imaging (MRI) is almost always
preferable to computed tomography (CT) owing to
its better resolution of tissue contrast. The presence
of stroke, subdural hematoma, tumor, small bleeds
caused by amyloid angiopathy, or excessive basal gan-
glia mineralization should be sought. Use of MRI
is valuable for differential diagnosis of dementing
conditions. Patients with AD show hippocampal and
posterior parietal atrophy, white FTD is associated
with anterior cingulate, orbitofrontal, insular and
usually dorsolateral prefrontal atrophy (Fig. 1.1). In
addition, the caudate and putamen often show atro-
phy. In CBD, frontally predominant and basal ganglia
atrophy is common, while in PSP the frontal lobes
tend to be spared but the midbrain is often atrophied.
Changes in DLB are more variable but atrophy tends
to be more posterior than in AD. CJD is associated
with cortical ribboning and basal ganglia hyperinten-
sities on fluid-attenuated inversion recovery (FLAIR)
MRI, which demonstrate decrease diffusion of water
molecules on diffusion-weighted imaging (DWI).
This pattern reliably differentiates CJD from the other
degenerative disorders. Often it is difficult to decide
whether or not the vascular changes on an MRI are
responsible for the cognitive syndrome. There is no
hard rule to follow but the larger number of basal
ganglia infarctions and white matter hyperintensities,
the greater the likelihood that vascular disease accounts

Fig. 1.1. Atrophy patterns in dementia.
Patients showing different patterns of atrophy
in T1-weighted MRI images of healthy
age-matched control. AD, Alzheimer's disease;
FTD, frontotemporal dementia; SD, semantic
dementia; PNFA, progressive non-fluent
aphasia.
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Table 1.1. Clinical features of the major dementing conditions

Dementia First symptom Cognitive pattern Neurology
examination

Neuroimaging Treatment

AD Memory loss Amnesia, word
fluency

Normal till late Posterior temporal/
parietal, PIB positive

Cholinesterase inhibition,
NMDA antagonist

FTD Behavior-apathy,
disinhibition,
overeating

Loss of executive
control

Normal (look for
PSP, CBD, ALS)

Anterior frontotemporal
insular, basal ganglia

SSRI, NMDA antagonist?

PNFA Speech, word
finding

Non-fluent, dysarthric,
apractic speech

Sometimes
asymmetric
parkinsonism, axial
rigidity

Left frontoinsular,
basal ganglia

Speech therapy, treat
parkinsonism, depression

DLB Hallucinations,
parkinsonism,
delirium

Visuospatial,
attentional

PD (can be normal
at first)

Posterior inferior, Some
are PIB positive

Cholinesterase inhibition,
carbidopa-levodopa

SD Word finding, loss of
word meaning

Semantic loss, anomia Normal till later Anterior temporal Consider cholinesterase
inhibition

Vascular Variable Variable, subcortical
lesions cause frontal
syndrome

Variable, asymmetric,
pyramidal deficits

Multiple strokes and/or
subcortical white matter
lesions

Stroke prevention,
consider cholinesterase
inhibition

CBD Asymmetric
parkinsonism, PNFA
or behavioral

Like FTD or PNFA,
sometimes parietal

Asymmetric PD,
dystonia, ocular
apraxia; alien hand

Frontal, basal ganglia,
sometimes parietal

Exercise, treat
parkinsonism, treat
depression

PSP Falls, PNFA, behavior Loss of executive
control

Supranuclear gaze
palsy, axial rigidity

Midbrain atrophy
(variable)

Exercise, treat PD

CJD Rapid dementia,
parkinsonism

Variable PD, variable Cortical ribbon, basal
ganglia hyperintensity

None

Notes:
SSRI, selective serotonin-reuptake inhibitor; NMDA, N-methyl-D-aspartate; other abbreviations as in text.

Table 1.2. Underlying biology of the dementias

Dementia Histology Genes for Molecules Topography

AD Amyloid plaques, neurofibrillary
tangles

Causal: APP, PS1, PS2
Susceptibility: ApoE4, SIRT-1

Ab-42, tau Posterior temporal/parietal

FTD Gliosis, spongiosus, Pick bodies,
ubiquitin-TDP-43

Causal: progranulin, tau VCP,
CHMP2B

Tau or TDP-43 Anterior frontotemporal insular,
basal ganglia

PNFA Gliosis, CBD or PSP pathology
(see below)

Causal: progranulin, rarely tau,
often sporadic

Tau Left frontoinsular, basal ganglia

DLB Lewy bodies, nigral loss, often
amyloid plaques

Causal: rarely a-synuclein, often
sporadic

a-Synuclein, often
comorbid; Ab-42

Posterior parietal, amygdala, basal
ganglia, brainstem

SD Gliosis, ubiquitin-TDP-43 Causal: rarely progranulin, tau,
often sporadic

TDP-43 Anterior temporal, amygdala,
eventually basal ganglia

Vascular Infarctions, hyalinization of
blood vessels

No specific causal genes No Subcortical white matter
vulnerable with aging

CBD Gliosis (cortical, subcortical)
coiled tangles, astrocytic plaques

Progranulin, tau, susceptibility
polymorphism is H1/H1 tau

Tau Frontal, basal ganglia, sometimes
parietal

PSP Globose tangles, tufted
astrocytes, neurofibrillary tangles

Rarely tau susceptibility
polymorphism is H1/H1 tau

Tau Midbrain, caudate, putamen,
brainstem, cerebellum, some
frontal

CJD Astrocytosis, spongiosus Prion gene mutations Prion Cortical, basal ganglia, cerebellum

Notes:
APP, amyloid precursor protein; Ab-42, amyloid b-42; ApoE, apoprotein E; TDP-43, TAR DNA-binding protein 43; PSI, presenilin;
CHMP2B, charged multivesicular body protein 2B; VCP, valosin-containing protein; other abbreviations as in text.
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for at least some of the patient's cognitive symptoms.
These lesions are cumulative and tend to cause deficits
in frontal executive control as well as cognitive and
motor slowing.

The role of nuclear imaging techniques such
as single-photon emission computed tomography
(SPECT) and positron emission tomography (PET)
is debated. Although some suggest that SPECT and
PET improve differentiation between AD and FTD,
these techniques may not offer much beyond careful
inspection of the atrophy patterns of MRI. Molecular
imaging is emerging as an exciting adjunct to differ-
ential diagnosis. Amyloid imaging, particularly the
Pittsburgh compound B (PIB), is already proving

valuable in the differential diagnosis of AD from
FTD. It is still too early to know what role that new
MRI techniques including perfusion, diffusion tensor
and functional MRI (fMRI) will play in dementia
detection and differential diagnosis.

Summary
The diagnosis of degenerative disorders remains a
clinical exercise that is largely determined after the
taking of a careful history. Table 1.1 emphasizes the
clinical features that differentiate the major dementing
conditions. Fig. 1.1 shows the typical MRI patterns of
the major dementias, while Table 1.2 emphasizes the
underlying biology of the various dementias.

Section 1: Introduction

6



Chapter

2 Dementia with Lewy bodies

Caroline A. Racine

Introduction
Dementia with Lewy bodies (DLB) is clinical syndrome
characterized by progressive dementia, parkinsonism
and neuropsychiatric symptoms (McKeith et al.,
2004a). P athologic ally, DLB is a synuclein diso rder
with widespread Lewy body pathology in the brain-
stem and cerebral cortex. Research has suggested that
in individuals over 75 years, DLB is the second most
common type of neurodegenerative dementia after
Alzheimer's disease (AD). Although prevalent, our
understanding of this complex disorder is in its
relative infancy. The accurate diagnosis of DLB can
be difficult owing to its frequent co-occurrence with
AD and perceived similarity to other motor disorders
such as Parkinson's disease (PD). However, the iden-
tification of individuals with DLB is extremely
important because of the potential for life-threatening
reactions to neuroleptic medications, and more
encouraging, their ability to benefit greatly from
treatment with anticholinesterase (AChEI) therapies.

Epidemiology
Epidemiological estimates have suggested that after AD,
DLB is the second most common dementia in individ-
uals over 75, with a prevalence rate of approximately
22% (Rahkonen et al., 2003). Similarly, estimates of
prevalence based on pathological data have suggested
that DLB may represent between 15–35% of all demen-
tia cases (Zaccai et al., 2005), while population-
based studies have estimated that DLB accounts for
5% of the population (Rahkonen et al., 2003). In a
pathologically confirmed sample, Williams et al. (2006)
found that DLB was associated with increased mortal-
ity rates compared with AD (hazard ratio¼ 1.88), with
a median survival of 78 years in DLB and 85 years in
AD. However, rates of institutionalization and survival

in long-term care facilities did not differ significantly.
A study from Sweden found that patients with DLB
utilized twice the monetary resources needed for
AD patients, which is strongly linked to a higher
need for assistance with activities of daily living and
subsequent assisted living placement (Bostrom et al.,
2006). Interestingly, in this study, increased monetary
resources in DLB were not correlated with cognition
(i.e. Mini-Mental Scale Examination [MMSE]) or
level of neuropsychiatric symptoms (i.e. Neuropsy-
chiatric Inventory [NPI]), which is more suggestive
of placement secondary to motor difficulties. Indeed,
other studies have found that motor impairment in
DLB is a strong predictor of decreased functional
abilities (Murman et al., 2003.) Rapidity of progression
has been found to be similar to that of AD (Stavitsky
et al., 2006). In summary, DLB is the second-most
common form of dementia in individuals older than
75 and, relative to AD, is associated with increased
functional impairment owing to motor deficits and
a higher risk of mortality.

Clinical features
Diagnostic criteria
Diagnostic criteria for DLB were originally developed
by a consensus workgroup (McKeith et al., 1996) and
have undergone subsequent revisions, with the most
recent criteria being published in 2005 (McKeith
et al., 2005). As can be seen in Table 2.1, a central
required feature for the diagnosis of DLB is the
presence of dementia. ‘Core’ features of DLB include
fluctuations in attention, visual hallucinations and
parkinsonism. Additional supportive features include
falls, syncope, neuroleptic sensitivity, REM sleep-
behavior disorder (RBD), depression and delusions,
amongst others. When dementia occurs in the context
of well-established parkinsonism (> 1 year), a diagnosis
of PD with dementia (PDD) is made. Exclusive of the
temporal difference in symptom onset, DLB and PDD
have overlapping clinical and pathological features and

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.
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are largely felt to reflect the same underlying disorder
(Galvin et al., 2006; Lippa et al., 2007).

Although the diagnosis of DLB has certainly
become more standardized through the development
of specific diagnostic criteria (e.g. McKeith et al.,
1996, 2000a, 2005), studies suggest that the accuracy
of a clinical diagnosis of DLB ranges between 34 and
65% (Litvan et al., 1998; Lopez et al., 2002; Merdes
et al., 2003) although some studies have found accur-
acy rates as high as 83% (McKeith et al., 2000a).
As will be discussed below, the clinical correlates of
DLB are often altered by concomitant AD pathology,
which can make accurate diagnosis particularly diffi-
cult. Specific clinical features typically associated with
DLB are described in more detail below.

Fluctuations in attention
Caregivers frequently report that patients with
dementia experience fluctuations in cognitive abilities
(e.g. “good days and bad days”). However, research
has suggested that, in comparison to other diagnostic
groups, patients with DLB show marked differences
in attention and awareness, which may fluctuate
over the course of minutes or hours. These transient
episodes are often associated with altered levels of
alertness (e.g. drowsiness) and may take on a con-
fabulatory or delusional quality at times. Although
fluctuations in attention are one of the core criteria
for the diagnosis of DLB, no operational definition
of “fluctuation” has been developed, making it diffi-
cult for clinicians to accurately use this feature for
diagnosis.

Two measures have been developed to assess
fluctuations in cognition via informant interview, the
Clinician Assessment of Fluctuation and the One Day
Fluctuation Assessment Scale (Walker et al., 2000a).
Increased scores on these scales were correlated with
increased fluctuations in awareness as measured by
neuropsychological testing and electroencephalography
(EEG) (i.e. variability in theta rhythm). In addition,
the scales were found to be effective in the differential
diagnosis of DLB from both AD and vascular disease
(DLB versus AD: sensitivity 81%, specificity 92%; DLB
versus vascular disease: sensitivity 81%, specificity
82%) (Walker et al., 2000b). A study by Ferman
et al. (2004) examined normal elderly, patients with
DLB and patients with AD and compared informants'
responses on a 19-item questionnaire about fluctu-
ations symptoms. They found that four symptoms
reliably distinguished DLB from AD: daytime drowsi-
ness and lethargy, daytime sleep of > 2 hours, staring
into space for long periods of time, and episodes of
disorganized speech. A study by Bradshaw et al. (2004),
suggested that the qualitative features of fluctuations
may be particularly helpful in the differential diagno-
sis of DLB. An examination of caregiver responses'
on the Clinician Assessment of Fluctuation and the
One Day Fluctuation Assessment Scale found that
patients with DLB tend to show spontaneous transient
fluctuations in awareness, with return to near-normal
levels of cognition. These fluctuations tend to be
independent of the environment and often have no
discernible triggers. Most notably, the degree of vari-
ation in awareness can be extreme (e.g. can balance

Table 2.1. Research criteria for the diagnosis of dementia with Lewy bodiesa

Features Specific symptoms

Central feature Presence of dementia (cognitive decline substantial enough to interfere with daily function)

Core features Fluctuations in attention, recurrent visual hallucinations, parkinsonism

Suggestive features REM sleep-behavior disorder, severe neuroleptic sensitivity, low dopamine transporter uptake in basal ganglia
on SPECT/PET

Supportive features Repeated falls/syncope, transient unexplained loss of consciousness, severe autonomic dysfunction, hallucinations
in other modalities, delusions, depression, relative preservation of medial temporal lobe structure on CT/MRI,
occipital hypoperfusion on SPECT/PET, abnormal MIBG myocardial scintigraphy, prominent slow-wave activity
on EEG with temporal lobe transient sharp waves

Notes:
SPECT, single-photon emission computed tomography; PET, positron emission tomography; CT, computed tomography; MRI, magnetic
resonance imaging; EEG, electroencephalography; MIBG, meta-iodobenzylguanidine.
aA diagnosis of dementia with Lewy bodies (DLB) requires the presence of the core feature of dementia. A diagnosis of probable DLB
requires the presence of 2/3 core features, or the presence of one core and one suggestive feature. A diagnosis of possible DLB can be
made with one core feature, and/or one or more suggestive features in the absence of any core features. Supportive features are frequently
associated with DLB but are not part of the diagnostic criteria.
Source: From McKeith et al. (2005).
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the checkbook one day but not hold a conversation
other days). Consequently, one of the most sensitive
clinical measures of fluctuation in DLB may be the
amplitude of change between best and worst per-
formance (McKeith, 2002). In contrast, patients with
AD tend to show contextually dependent periods
of increased confusion (e.g. conditions with high
memory requirements, novel environments).

Quantitative measures have also shown significant
abnormalities in attention in DLB. For example, a
study by Ballard et al. (2002) found that on a battery
of continuous performance tasks, patients with DLB
or PDD showed similar levels of impairment in vigi-
lance, reaction time and fluctuating choice reaction
times. In contrast, patients with PD demonstrated
decreased reaction times, but no fluctuations in atten-
tion, while patients with AD showed an intermediate
pattern of increased reaction times and fluctuations
(Ballard et al., 2002). Measures of brain activity have
also shown abnormalities in attention. Using auditory-
evoked potentials, DLB patients have been found
to have deficits in prepulse inhibition, suggesting
decreased ability to filter out irrelevant sensory infor-
mation (Perriol et al., 2005). Studies with EEG have
also demonstrated significant abnormalities in DLB,
including diffuse slow-wave theta activity and periodic
spike-wave complexes (Yamamoto and Imai, 1988;
Doran et al., 2004). A study of EEG in 14 pathologic-
ally confirmed cases of DLB found loss of alpha activity
and slow-wave transient activity in the temporal
lobes (Briel et al., 1999). Thus, in addition to clinically
observed features of fluctuating awareness, patients
with DLB also show marked abnormalities on quan-
titative measures of attention abilities.

Overall, although fluctuations in attention may
be difficult to define, a significant amount of research
suggests that patients with DLB exhibit spontaneous
transient alterations in consciousness. These fluctu-
ations have been hypothesized to reflect a decline in
acetylcholine (ACh) and/or brainstem dysfunction;
however, additional research is needed to further
understand this complex symptom and its underlying
etiology.

Parkinsonism
Another key feature of DLB is the presence of parkin-
sonism. In contrast to classic PD, patients with, DLB/
PDD tend to have a slightly different constellation of
motor symptoms, with greater rigidity, less-frequent
resting tremor and more symmetric presentation

(Gnanalingham et al., 1997; Del Ser et al., 2000).
Additionally, patients with DLB/PDD tend to fall into
the postural instability-gait difficulty (PIGD) subtype
of extrapyramidal dysfunction, as compared with the
tremor dominant (TD) subtype associated with classic
PD. In a study by Burn et al. (2003), patients with
DLB and PDD were found to be more likely to have
the PIGD subtype (PDD, 88%; DLB, 69%), while PD
subjects were more evenly distributed between PIGD
(38%) and TD (62%). A follow-up study by this
group found that 25% of the PD patients with PIGD
subtype developed dementia over 2 years, compared
with none of the TD subtype. Therefore, the presence
of PIGD motor subtype may be associated with an
increased risk of developing dementia in the context
of parkinsonism. Additionally, the PIGD subtype is
thought to be less dopamine-dependent than TD and
may be linked with cholinergic deficits observed in
DLB/PDD (Jankovic et al., 1990). The presence of a
gait disturbance may also assist with the differenti-
ation of AD from non-AD dementias, including
DLB/PDD. In particular, Allan et al. (2005) found
that the presence of a parkinsonian gait was found
in 93% of patients with PDD and 75% of patients
with DLB and that these individuals were at a greater
risk for falls (odds risk¼ 2.3). The presence of
parkinsonian gait was able to identify patients with
DLB/PDD from those with AD with 87% sensitivity
and 84% specificity. Motor symptoms in DLB tend
to be less responsive to treatment with levodopa
compared with PD and PDD (Molloy et al., 2006;
see Treatment/Management section for additional
information).

In summary, parkinsonism is a key feature of
DLB/PDD; however, the constellation of symptoms
differs from classic PD, with increased gait difficulty
and rigidity, symmetry of presentation and less-
frequent resting tremor. These symptoms are less
responsive to dopaminergic agonists and may reflect
underlying cholinergic deficits in addition to alter-
ations in dopamine.

REM sleep-behavior disorder
The REM sleep-behavior disorder is a parasomnia
characterized by loss of muscle atonia during REM
sleep, with resultant complex motor activity during
dreaming (Schenck and Mahowald, 2002). Patients
with RBD are at an increased risk for injuring them-
selves and their bed partners during these events, as
they tend to “act out” dreams of being chased and/or
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attacked, and thus may punch, kick or perform other
harmful behaviors during sleep. The condition is more
prevalent in men and has a mean age of onset in the
mid sixties (Olson et al., 2000). It also appears to be
a risk factor for developing a synuclein disorder (Boeve
et al., 1998, 2001), with some studies suggesting that up
to 65% of individuals with RBD develop parkinsonism
and/or dementia when followed longitudinally (Boeve
et al., 2003). The presence of RBDmay herald the onset
of a neurodegenerative condition by 10 or more years
before the development of clinical symptoms (Tan
et al., 1996; Ferman et al., 1999; Schenck et al., 2002).
Frequency estimates suggest that as many as 50% of
patients with DLB exhibit RBD at some point, with the
presence and severity of the RBD fluctuating over the
clinical course (Boeve et al., 2004). Occurrence of RBD
is known to affect sleep quality, with qualitative ratings
suggesting greater overall sleep disturbance in DLB
and increased daytime sleepiness relative to AD (Grace
et al., 2000; Boddy et al., 2007); however, the daytime
sleepiness finding likely overlaps in part with the fluc-
tuations in attention and awareness seen in DLB.

Pathologically, RBD has been associated with Lewy
bodies in the brainstem (see Boeve et al., 2004). Specif-
ically, RBD has been associated with pathology in
the pedunculopontine nucleus (PPN) and the locus
coeruleus (LC), which involve both cholinergic and
noradrenergic neurons. Consistent with RBD being
one of the earliest symptoms of a potential underlying
synuclein disorder, there is evidence for early Lewy
body pathology in the lower brainstem nuclei in DLB
(Braak et al., 2003; see Boeve et al. [2007] for review).
In summary, RBD is a frequently observed symptom in
DLB that reflects a complex interaction between Lewy
body pathology in the brainstem and neurotransmitter
deficits, particularly in ACh. Occurrence of RBD often
precedes DLB by 10 or more years, and thus may serve
as one of the earliest hallmarks of the disorder.

Autonomic function
Autonomic dysfunction is also a prevalent feature of
DLB (Horimoto et al., 2003). When compared with
other synuclein disorders, the degree of autonomic
dysfunction in DLB is moderate, falling between the
severe autonomic dysfunction seen in multisystem
atrophy and the mild autonomic dysfunction observed
in PD (Thaisetthawatkul et al., 2004). Thaisetthawatkul
et al. (2004) examined a sample of 20 patients with
DLB and found that 95% had autonomic symptoms,
with the most common symptoms being orthostatic
intolerance (85%), orthostatic hypotension (50%),

adrenergic dysfunction (85%), distal anhidrosis (54%)
and urinary symptoms (35%). Another study found
that lower urinary tract dysfunction was found in all
DLB patients studied (11/11), with the most common
symptoms being urinary incontinence (91%), increased
night-time frequency (82%), urgency (73%), increased
daytime frequency (55%) and difficulty voiding (55%)
(Sakakibara et al., 2005). Urinary symptoms in particu-
lar are thought to be caused by an altered spino-bulbo-
spinal micturition reflex that is dependent on both the
cholinergic and dopaminergic pathways, as well as
alterations at the level of the autonomic ganglia.

Although orthostatic hypotension and urinary
incontinence are common in DLB, these symptoms
typically do not appear within the first year of disease
onset (Wenning et al., 1999); however, case studies
with autonomic symptoms as a presenting feature
have been described (Kaufmann et al., 2004). The
appearance of autonomic dysfunction can occur prior
to, concurrent with or after the onset of parkinsonism
and cognitive difficulties (Sakakibara et al., 2005).
The presence of autonomic symptoms can assist
with differential diagnosis, as patients with DLB and
PDD have been found to show greater autonomic
dysfunction than those with AD or vascular dementia,
with some suggestion of greater dysfunction in PDD
relative to DLB (Allan et al., 2007). Importantly, the
autonomic features observed in DLB/PDD are associ-
ated with poorer outcomes on measures of physical
activity, activities of daily living, depression and qual-
ity of life (Allan et al., 2006).

In particular, research using meta-iodoenzylgua-
nidine (MIBG) cardiac scintigraphy has suggested
early autonomic dysfunction in DLB. This compound
is a physiologic analogue of norepinephrine and MIBG
cardiac scintigraphy is a non-invasive tool for esti-
mating local myocardial sympathetic nerve damage.
In a sample of 37 patients with DLB and 42 patients
with AD, Yoshita et al. (2006) found that reduced
MIBG uptake was 100% specific and 100% sensitive
to the diagnosis of DLB, irrespective of the presence
of parkinsonism. Additional research has found that
MIBG is significantly reduced in DLB relative to both
controls and patients with PD (Suzuki et al., 2006;
Oka et al., 2007). This research suggests that auto-
nomic postganglionic neurons may be one of the
earliest regions of Lewy body pathology in DLB, and
it suggests the possibility of using autonomic markers
as a measure of preclinical disease.

Overall, autonomic symptoms may be an under-
recognized feature of DLB, with severity falling
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between that of multisystem atrophy and that of PD.
The most frequent symptoms are orthostatic hypoten-
sion and urinary incontinence, which have a significant
negative impact on functional abilities in DLB. Auto-
nomic symptoms tend to occur partway through
the disease process, although they have been noted
as presenting symptoms in some cases.

Sensitivity to medication and infection
Patients with DLB tend to be particularly “delirium-
prone,” as they often have disturbances in cognition
secondary to even small alterations in neurochemis-
try. Indeed, the first symptoms of DLB often present
in a subacute fashion in the context of a new medica-
tion, after surgery with general anesthesia, or during
an acute infection. Neuroleptic sensitivity has been
found to be a prominent symptom of DLB, occurring
in 30–50% of patients (McKeith et al., 1992; Ballard
et al., 1998; Sadek and Rockwood, 2003), which places
these patients at an increased risk of mortality and
morbidity. Specifically, when administered even small
doses of neuroleptics, many patients with DLB will
show acute sedation, altered mental status and
increased parkinsonism (McKeith et al., 1992; Burke
et al., 1998; Sechi et al., 2000). In one sample of demen-
tia patients, Aarsland et al. (2005) found high rates of
severe neuroleptic reactions following the administra-
tion of both typical and atypical antipsychotic drugs
in patients with synuclein disorders (53% in DLB,
39% in PDD and 27% in PD) relative to AD (0%).
Of note, patients with AD who had pathologically
confirmed Lewy body disease in the context of con-
current Alzheimer's pathology were also at increased
risk of severe reactions to neuroleptic drugs. This is
particularly concerning given the high rate of Lewy
body pathology at autopsy in patients with AD who
do not meet formal criteria for DLB and thus may not
be considered to be at-risk for adverse reactions to
neuroleptics.

Additional research suggests that even in the
absence of a severe reaction, neuroleptic use may
increase levels of tau pathology in DLB. Specifically,
a study by Ballard et al. (2005) found that relative to
DLB patients who had not received neuroleptic treat-
ment, DLB patients who had received neuroleptic
treatment had a 50% increase in tangles within the
entorhinal cortex and a 30% increase in plaques in the
frontal cortex. The exact mechanisms of neuroleptic
sensitivity remain unclear but have been linked to a
failure of upregulation of D2 receptors in the striatum
(Piggott et al., 1998) and dopaminergic hypoactivity

(Nishijima and Ishiguro, 1989; Sechi et al., 1996).
Overall, these studies clearly highlight the significant
risk of neuroleptic medications to individuals with
underlying Lewy body pathology and suggest that
antipsychotic drugs should be used with caution in
individuals with dementia.

Neuropsychiatric findings
Visual hallucinations
Neuropsychiatric symptoms are a core feature of DLB
(reviewed by Simard et al., 2000) and have been found
to be more prevalent in DLB than in AD (Rockwell
et al., 2000). Specifically, recurrent visual hallucin-
ations are one of the core features of DLB and occur
in 60–80% of patients with DLB/PDD (Emre, 2003;
McKeith et al., 2004b). Typically, these visual hallu-
cinations are complex, well formed and often take the
form of people or animals (Ballard et al., 1997) with
similar characteristics found across DLB and PDD
(Mosimann et al., 2006). Most typically, visual hallu-
cinations in DLB occur daily and consist of complex
single objects in the central field of vision lasting min-
utes at a time (Mosimann et al., 2006). The prevalence
of people and animals in the visual hallucinations
seen in DLB has suggested underlying dysfunction
in the ventral visual stream, although findings sug-
gestive of dorsal stream dysfunction are also seen,
albeit less frequently (e.g. palinopsia). Visual hallucin-
ations are also associated with concomitant symp-
toms of anxiety, apathy and sleep disturbance, which
suggests some common underlying mechanisms for
all neuropsychiatric symptoms in DLB, perhaps related
to cholinergic deficits (Mosimann et al., 2006).

The underlying mechanism for visual hallucin-
ations in DLB is still under debate. However, current
theories suggest an interaction between alterations
in ACh, brainstem abnormalities and disturbance
within the visual system (e.g. Collerton et al., 2005).
Specifically, previous research suggests that visual
hallucinations can occur secondary to alterations in
ACh, as occurs with hallucinogens such as LSD
(lysergic acid diethylamide) (Perry and Perry, 1995).
In addition, brainstem dysfunction has been known
to produce visual hallucinations (e.g. peduncular
hallucinosis; see Benke, 2006) via a disturbance of
the reticular activating system and associated thala-
mocortical circuits, which may result in altered sleep–
wake cycles and an altered reality monitoring system.
In addition, visual hallucinations are also frequently
observed in the context of disordered visual input,
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such as Charles Bonnet syndrome. In this disorder,
patients with glaucoma or other eye disorders that
result in decreased visual input to the primary visual
cortex have been found to have chronic overactivation
of the bilateral ventral temporal lobes, deemed a
cortical release phenomenon, which is thought to
occur as an attempt to “boost” the decreased visual
signal in primary visual cortex (Ffytche et al., 1998;
Santhouse et al., 2000). However, one side-effect of
this temporal overactivation may be the presence of
visual hallucinations.

As discussed throughout this chapter, patients
with DLB have significant disturbances in all three
factors discussed above. Specifically, they have signifi-
cant cholinergic deficits, profound brainstem path-
ology and altered visual processing: a combination
of pathologies that likely puts them at very high risk
for developing visual hallucinations. As will be dis-
cussed below, patients with DLB have been found to
have hypoperfusion in the occipital cortex as detected
by positron emission tomography (PET) or single-
photon emission computed tomography (SPECT),
a finding not present in AD. Although this finding
occurs in DLB, irrespective of the presence of hallu-
cinations, Imamura et al. (1999) found that patients
with DLB who had visual hallucinations had relatively
less hypometabolism in the right temporoparietal
region, which the authors hypothesized may lead to
the presence of visual hallucinations, perhaps through
a cortical release phenomenon similar to that seen in
Charles Bonnet syndrome (e.g. Ffytche et al., 1998).
The presence of visual hallucinations in DLB has been
also linked to increased Lewy body pathology within
the temporal lobe (Harding et al., 2002). Additionally,
some research has suggested that patients with DLB
may have altered visual processing at the level of the
retina secondary to synuclein pathology (e.g. Maurage
et al., 2003). Consequently, there are potentially many
levels at which the visual system in DLB may be
impaired. As discussed above, there are multiple
factors that may contribute to the presence of visual
hallucinations in DLB, which suggests that any model
of this complex phenomenon will necessarily be
multifactorial.

In addition to complex visual hallucinations,
patients with DLB may also experience visual illusions
and extracampion hallucinations. Visual illusions
occur when a stimuli in the environment is misper-
ceived (e.g. a tree stump looks like an animal), as
opposed to a true visual hallucination, which occurs
in the absence of visual stimuli. Observations from

our clinic suggest that this frequently takes the form
of faces “morphing” out of wallpaper or other tex-
tured substances. Extracampion hallucinations occur
as either dark shadows in the periphery of vision that
disappear when looked at, or a false feeling of some-
one “looking over one's shoulder.” Presumably these
symptoms reflect similar, but less severe, pathology
as that which contributes to the visual hallucinations
observed in DLB. Interestingly, the presence of visual
hallucinations is associated with a greater response
to AChEIs in both DLB and PDD patients (McKeith
et al., 2004a; Burn et al., 2006) and visual hallucinations
are typically reduced once AChEIs are started (McKeith
et al. , 2000b; Bullock and Cameron, 200 2), sug gesting a
significant role of acetylcholine in the presence of visual
hallucinations in DLB/PDD. Additionally, in one recent
study, the administration of donepezil was associated
with both a decrease in visual hallucinations and
a relative increase in occipital perfusion on SPECT,
suggesting a potential link between ACh, occipital
perfusion and visual hallucinations (Mori et al., 2006).

In summary, recurrent visual hallucinations are
a core feature of DLB and often consist of faces,
people and/or small animals. The underlying etiology
of visual hallucinations in DLB is thought to reflect a
complex interaction of deficits in ACh, brainstem
function and visual processing. The presence of visual
hallucinations is predictive of a good overall response
to AChEIs, and treatment with these medications
typically leads to a subsequent decrease in visual
hallucinations.

Delusions
Delusions are one of the supportive criteria for DLB
and in some studies have been found to occur in up to
57% of patients with DLB (e.g. Aarsland et al., 2001).
Most frequently, delusions in DLB reflect some type
of misperception, resulting in such syndromes as
Capgras delusion and reduplicative paramnesia (e.g.
Marantz and Verghese, 2002; Hirayama et al., 2003;
Ohara and Morita, 2006). Capgras delusions occur
when an individual believes that a loved one has been
replaced by a nearly identical imposter (e.g. their wife
“looks like” their wife but is really an imposter),
whereas reduplicative paramnesia is a delusion in
which individuals believe that the environment is
familiar, but not really the true location (e.g. the
house they are in is a duplication of their “real” house).
Studies of individuals with Capgras delusions have
found that they are able to recognize familiar faces
but that they do not demonstrate the appropriate skin
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conductance responses that are normally associated
with the emotional aspects of face recognition (Ellis
et al., 1997; Hirstein and Ramachandran, 1997). Thus,
Capgras symptoms have been hypothesized to reflect
a disconnection of visual information (e.g. occipital
lobe) from emotional processing (e.g. amygdala).
Given that patients with DLB exhibit both visual
deficits and significant Lewy body pathology in the
amygdala, it is possible that the combination of these
deficits may contribute to the presence of delusions
of misperception; however, future studies will be
required to explore this hypothesis and its alterna-
tives. Similar to other neuropsychiatric symptoms
in DLB, delusions have also been associated with the
cholinergic deficits observed in DLB. In one study of
patients with pathologically confirmed DLB, delu-
sions were associated with an increase in the upregu-
lation of muscarinic ACh receptors (Ballard et al.,
2000). In summary, delusions of misperception are
common in DLB and may reflect a disconnection
between visual and emotional information and choli-
nergic deficits; however, additional research is required
to fully understand this phenomenon.

Mood symptoms
Historically, research has focused on hallucinations
and delusions as the most frequent neuropsychiatric
symptoms in DLB. However, it is becoming increas-
ingly recognized that DLB can be a heterogeneous
disorder and that additional neuropsychiatric symp-
toms such as depression and anxiety also frequently
occur. Depression is currently listed as a supportive
feature for a diagnosis of DLB (McKeith et al., 2005).
In addition, a recent study by Borroni et al. (2007)
examined behavioral and psychiatric symptoms in
patients with DLB and found that anxiety was the
most common neuropsychatric symptom, occurring
in 65% of patients. In addition, depression (62%),
apathy (58%) and agitation and sleep disorders (each
55%) were common features, while psychosis appeared
in 50% of patients. These symptoms worsened as the
disease progressed and were not associated with the
severity of motor symptoms, suggesting a potentially
different underlying mechanism.

Overall, current research suggests that visual
hallucinations and delusions of misperception are
frequently observed in the context of DLB; however,
other neuropsychiatric symptoms, such as depression,
anxiety, apathy, agitation and sleep disorders, may be
just as prevalent and should be taken into consider-
ation when considering a potential diagnosis of DLB.

Of note, many patients with DLB present to clinic
having already received a tentative diagnosis of AD
and subsequent treatment with an AChEI, which
may lessen the likelihood of the presence of hallucin-
ation and delusions, as these symptoms typically
respond well to AChEIs. Therefore, the absence of
these symptoms in the context of treatment with
AChEIs should not necessarily dissuade one from
a potential diagnosis of DLB provided that other
diagnostic criteria are met.

Neuropsychological findings
The classic neuropsychological profile of DLB is
prominent deficits in visuospatial, attention and
executive abilities, with relatively milder memory dif-
ficulties (recall> recognition). Unfortunately, many
of the studies that have examined neuropsychological
differences between clinically diagnosed DLB and AD
are contaminated by the fact that, pathologically,
many of these patients likely have both Lewy body
and Alzheimer's pathology. The clinical profile of
DLB has been known to change depending on the
level of concurrent AD pathology (Merdes et al.,
2003). Consequently, it is likely that the neuropsycho-
logical profile observed in patients with DLB differs
depending on the severity and regional distribution of
concurrent Alzheimer's pathology, which can make
differential diagnosis based on neuropsychological
performance alone difficult.

Studies regarding the neuropsychological profiles
of patients with clinically diagnosed DLB and AD
have found differential patterns of results. Specific-
ally, both groups show impairments in learning and
delayed recall; however, patients with DLB demon-
strate relatively intact recognition abilities, suggesting
a less-severe consolidation deficit relative to AD
(Ferman et al., 2006; Crowell et al., 2007). Addition-
ally, both patients with DLB and those with PDD are
found to have greater difficulties than those with AD
on tasks of attention, inhibition, visuoperceptual skills
and constructional praxis (Collerton et al., 2003;
Galvin et al., 2006; Guidi et al., 2006). Mori et al.
(2000) found that patients with DLB performed worse
than those with AD on several visuoperceptual tasks,
including object size discrimination, form discrimin-
ation, overlapping figure identification and visual
counting tasks. In addition, patients with DLB and
visual hallucinations and/or misidentification delusions
had poorer performance on visual tasks than those
without visual neuropsychiatric symptoms, suggesting
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a potential role for impaired visual function in the
presence of visual hallucination and delusions in DLB
(Mori et al., 2000).

Consistent with findings suggesting that patients
with DLB have difficulty with visuospatial skills, poor
pentagon copy performance on the MMSE has been
found to be particularly predictive of DLB versus AD
(Ala et al., 2001). For example, in their study of
patients with MMSE> 25, Ala et al. (2001) found that
three of four patients with DLB had poor pentagon
copy compared with none of the five patients with
AD, with a resulting sensitivity and specificity of 88%
and 52%, respectively. While impaired pentagon copy
in AD has been found to be associated with more
globally impaired cognition, impaired pentagon copy
in DLB often occurs early in the disorder when other
global abilities may be relatively preserved (Ala et al.,
2001). Consistent with overlapping clinical profiles in
DLB and PDD, similar deficits in pentagon copy have
been found across both disorders (Cormack et al.,
2004). Overall, these results suggest that poor penta-
gon copy, particularly in the context of relatively
intact global abilities, may be particularly predictive
of underlying Lewy body pathology and thus this item
may be a quick and useful bedside screen.

Data from pathologically confirmed samples of
patients with DLB or AD is largely consistent with
the neuropsychological profiles observed in clinically
diagnosed patients. For example, in a pathologically
confirmed sample of 24 patients with DLB and 24
with AD, both groups were found to have impaired
total learning and delayed recall scores on the
California Verbal Learning Test (CVLT); however, the
patients with DLB showed less evidence of rapid for-
getting and better recognition scores (Hamilton, 2004).
Using groups based on pathological criteria (AD only,
DLB only, AD/DLB mixed), Kraybill et al. (2005)
found that both AD groups (AD and mixed AD/
DLB) had poorer memory and naming compared to
DLB only, whereas the DLB-only group had more
impairment on tasks of executive function (Trails B)
and attention (Digit Span) relative to the other two
groups. Of note, the mixed AD/DLB group exhibited
a more rapid decline in cognition over time than AD
or DLB alone, although another group has found
similar rates of decline between AD, DLB and mixed
AD/DLB (Johnson et al., 2005).

In summary, on neuropsychological testing, DLB is
associated with a less-severe consolidation deficit rela-
tive to AD, and greater impairment in attention, execu-
tive function and visuospatial skills. Poor pentagon

copy on the MMSE, particularly in the context of
otherwise relatively preserved cognition, is particularly
suggestive of DLB. As will be discussed in more detail
below, AD and DLB pathology frequently co-occur,
which can significantly impact the specific profile
observed in DLB patients.

Neuropathology
Pathological criteria
Dementia with Lewy bodies is one of the three dis-
orders termed “synucleinopathies,” including PD and
multisystem atrophy (MSA). All three have an under-
lying disorder of a-synuclein, an intracellular protein
involved in axonal transport. The most common
pathology associated with altered a-synuclein pro-
cessing is the Lewy body, which is an intracytoplasmic
neuronal inclusion that was initially identified as
the hallmark pathology found in the brainstem of
patients with PD. Although Lewy bodies are typically
restricted to the brainstem in PD, in DLB there is
profound LB pathology in both the brainstem and
neocortical structures. The DLB pathology is thought
to start in the brainstem and then progress to the
amygdala, limbic cortex and, finally, to neocortex
(Marui et al., 2002; McKeith et al., 2005).

Lewy bodies have been thought to reflect an
attempt of the neuron to protect itself by collecting
the presynaptic a-synuclein aggregates and moving
them to the cell body via retrograde axonal transport,
where they can be aggregated and deposited in the
presumably less-toxic form of a Lewy body (Kopito,
2000; McNaught et al., 2002). However, the severity
and location of Lewy body pathology in DLB does
not always correlate well with clinical symptoms
(Gomez-Tortosa et al., 1999), which has left researchers
looking for additional pathological mechanisms that
may contribute to clinical symptoms. Interestingly, a
recent study suggested that the a-synuclein aggregates
themselves might play an important role in the symp-
toms of DLB. Specifically, Kramer and Schulz-Schaffer
(2007) found that DLB is associated with a widespread
number of a-synuclein aggregates at the presynaptic
terminal, with a concomitant loss of nearly all den-
dritic spines at the adjacent postsynaptic terminal.
These findings occurred in the context of relatively
few Lewy bodies. Overall, these results suggest that
DLB is associated with widespread synaptic dysfunc-
tion secondary to presynaptic a-synuclein aggregates
and the concomitant loss of postsynaptic dendritic
spines. This synaptic dysfunction likely has a huge
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impact on the clinical symptoms of DLB, exclusive of
the number of Lewy bodies. This presynaptic aggre-
gation of a-synuclein necessarily occurs prior to the
formation of Lewy bodies, and thus may be an appro-
priate and important target for future DLB therapies.
Chap ter 10 has furth er informa tion on the patho-
logical characteristics of DLB.

Overlap with Alzheimer's disease
In addition to profound Lewy body pathology,
patients with DLB also frequently have a significant
amount of AD pathology at autopsy. Based on this
finding, Marui et al. (2004) have proposed an alterna-
tive mechanism for classifying DLB pathology: a
“pure” form, with significant Lewy body pathology
but minimal AD pathology; a “common” form, with
significant Lewy body and AD pathology; and an
“AD” form, with significant AD pathology but min-
imal Lewy body pathology (i.e. amygdalar Lewy
bodies only). Additionally, using these staging criteria,
the three types are further classified by the severity
and location of Lewy body pathology (limbic: stage
I–II; neocortical: stage III–IV). In their sample, 17/51
individuals with some Lewy body pathology met
pathological criteria for the “AD” form. These indi-
viduals did not have significant limbic or cortical
Lewy body pathology; however, they did have mild
amygdala Lewy body pathology. The presence of
amygdala Lewy bodies in the absence of other signifi-
cant Lewy body pathology is frequently seen in AD
without obvious clinical correlate (e.g. Hamilton et al.,
2000). Of note, amygdalar Lewy bodies tend to co-occur
in neurons with neurofibrillary tangles (Schmidt et al.,
1996). Marui et al. (2004) found that individuals with
the “pure” form of DLB had greater pathology in the
substantia nigra and locus coeruleus, a younger age of
onset and were more likely to have parkinsonism as an
early symptom, while those with the “common” form
of DLB had greater spongiosis in the transentorhinal
cortex, an older age of onset and were more likely
to present with dementia as a first symptom (Marui
et al., 2004). Overall these results suggest that AD and
DLB pathologies frequently overlap and the presence
of AD pathology can significantly modify both age of
onset and clinical presentation.

The synergistic relationship between
a-synuclein and b-amyloid
As discussed above, DLB and AD have frequently
been found to be overlapping clinical syndromes. In

addition, there is significant pathological evidence
suggesting a relationship between a-synuclein and
b-amyloid (Ab) pathology (Saito et al., 2004). Pletnikova
et al. (2005) found that those with DLB without
significant Ab deposits had significant Lewy neurite
pathology in the hippocampus, amygdala, entorhinal
cortex and basal forebrain, with relatively little
Lewy body or neurite pathology in cingulate cortex
and association cortices. However, in those with com-
bined DLB and Ab pathology, there was an increase in
cortical Lewy body pathology, suggesting a potential
synergistic effect between a-synuclein and Ab.
In concert with this hypothesis, studies in double-
transgenic mice with mutations affecting amyloid
precursor protein (APP) and a-synuclein have shown
that the presence of Ab increases a-synuclein aggre-
gation and neuronal degeneration (Masliah et al.,
2001). Studies have also found that amyloid plaques in
DLB contain an amino acid fragment of a-synuclein,
suggesting an interaction of the two pathologies
(Yokota et al., 2002; Liu et al., 2005). Recently, a study
using nuclear magnetic resonance (NMR) spectros-
copy found specific sites of interaction between
membrane-bound a-synuclein and Ab. In particular,
they found that the interaction of synaptic membrane-
bound a-synuclein with Ab42 leads to the oligomeriza-
tion of Ab42, which is known to be toxic (Mandal et al.,
2006). Therefore, much current research suggests
a significant interaction between a-synuclein and Ab
pathology and that this relationship is likely synergistic.

In summary, DLB is a disorder of a-synuclein that
results in widespread Lewy body pathology which
begins in the brainstem and continues out to medial
temporal and neocortical regions. Additionally, there
are significant synaptic deficits related to a concen-
tration of a-synuclein aggregates in the presynaptic
terminal. Concomitant AD pathology frequently
occurs in DLB, and there is evidence of a synergisitic
relationship between a-synuclein and Ab pathology.
Overall, the significant overlap of the clinical and
pathological features of PD, DLB, PDD and AD
suggests that these disorders exist on a pathological
spectrum, with DLB/PDD representing a midpoint of
a-synuclein and Ab pathology.

Neurotransmitters
Patients with DLB have been found to have profound
alterations in cholinergic transmission that are greater
than those in AD. Two groups of cholinergic neurons,
those in the basal forebrain and the pedunculopontine
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region, provide cholinergic input to the cerebral
cortex and thalamus via their projections. Perry
et al. (1995) found a 40–50% reduction in nicotinic
receptors in the dorsolateral tegmentum of patients
with DLB, specifically around the pedunculopontine
cholinergic neurons. Additionally, patients with DLB
and those with PDD have been found to have a loss
of choline acetyltransferase, the enzyme that synthe-
sizes ACh (Perry et al., 1994; Ballard et al., 2000;
Tiraboschi et al., 2000).

Patients with DLB also demonstrate significant
alterations in dopamine. Indeed, one of the McKeith
(2005) diagnostic criteria is decreased dopamine
uptake in the basal ganglia on SPECT/PET, which
has been shown to be 78% specific for the detection
of a clinical diagnosis of DLB and 90% specific for
excluding non-DLB dementia (McKeith et al., 2007).
Serial SPECT imaging has found significant longitu-
dinal decreases in striatal dopamine binding across
PD, DLB, and PDD. Striatal dopamine was found
to decrease at similar rates across PD, DLB and
PDD and was correlated with both dementia severity
and memory impairment (Colloby et al., 2005). In
particular, thalamic D2 receptors have been found to
be elevated in patients with DLB and PDD with par-
kinsonism; however, patients with DLB but without
parkinsonism show D2 receptor levels similar to con-
trols, suggesting that upregulated D2 receptors and
parkinsonism are related (Piggott et al., 2007). As
noted above, a failure to upregulate D2 receptors has
been linked to the neuroleptic sensitivity observed in
DLB (Piggott et al., 1998).

In summary, DLB is associated with significant
deficits in both the cholinergic and dopaminergic
systems. These alterations in neurotransmitter systems
likely contribute significantly to observed deficits
in DLB (e.g. decreased arousal, neuropsychiatric
symptoms, motor symptoms) that often occur in the
absence of significant brain atrophy.

Structural and functional
imaging studies
Structural studies
Studies using structural MRI measures have found
atrophy in both DLB and AD with similar rates of
brain atrophy over 1 year observed in both disorders
(O'Brien et al., 2001). Region-of-interest analyses
have found relative preservation of medial temporal
lobe structures in DLB relative to AD (Hashimoto et al.,
1998; Barber et al., 1999). By comparison, there is

increased atrophy in DLB relative to AD in subcortical
structures such as the putamen (Cousins et al.,
2003) and caudate (Almeida et al., 2003; though see
Barber et al. (2002) for differing results). Although
functional imaging research has consistently found
occipital lobe abnormalities in DLB (see below),
a study using structural MRI methods found no evi-
dence of occipital lobe atrophy in either DLB or AD
compared with controls (Middelkoop et al., 2001).
Voxel-based morphometry methods have found
greater atrophy in bilateral temporal and frontal lobes
and insular cortex in DLB relative to controls, but
relative preservation of medial temporal lobe regions
in comparison with AD (Burton et al., 2002). Another
recent study of this type in a large sample of patients
(72 DLB, 72 AD, 72 controls) found that, in compari-
son with patients with AD, patients with DLB showed
focused atrophy in the dorsal midbrain, substantia
innominata and hypothalamus in the context of rela-
tively preserved temporoparietal association cortex
and medial temporal lobe (Whitwell et al., 2007). Of
note, the dorsal midbrain, substantia innominata and
hypothalamus are all regions containing cholinergic
neurons; therefore, atrophy in these regions may dir-
ectly contribute to the significant cholinergic deficit
observed in DLB.

Functional imaging
Multiple studies using SPECT have found that
patients with DLB tend to show the same pattern of
hypoperfusion as those with AD, namely in bilateral
temporoparietal regions and in the posterior cingu-
late/precuneus (Ishii et al., 1998; Gilman et al., 2005).
However, patients with DLB have additional hypoper-
fusion in the occipital cortex, a finding not observed
in AD (Imamura et al., 2001; Lobotesis et al., 2001).
Although the cause of occipital hypoperfusion in DLB
is still unclear, one study demonstrating an increase in
focal occipital perfusion following the administration
of donepezil is suggestive of a potential cholinergic
mechanism (Mori et al., 2006). Consistent with struc-
tural imaging studies, patients with DLB show a rela-
tive preservation of medial temporal lobe perfusion
compared with those with AD (Ishii et al., 1999).

Research using diffusion tensor imaging, which
measures the integrity of white matter, found alter-
ations in the frontal, parietal and occipital white
matter of patients with DLB relative to controls (Bozzali
et al., 2005). In addition, this study found correlations
between frontal white matter integrity and verbal
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fluency, while parietal white matter integrity was
correlated with constructional praxis tasks. Interest-
ingly, a previous study of patients with AD found no
evidence of involvement of occipital lobe white matter
(Bozzali et al., 2002), findings consistent with SPECT
research suggesting that occipital lobe dysfunction is a
sensitive marker of DLB.

One study to date has used functional MRI to
examine regional differences in brain activity in
DLB. Sauer et al. (2006) examined resting-state and
visual cortex activity in nine patients with DLB com-
pared with 10 with AD and 13 age-matched controls.
On visuoperceptual tasks, patients with DLB or AD
showed equivalent activation in left ventral occipito-
temporal regions during a color task; however, those
with DLB showed evidence of less activity than the
AD group during a face processing task (right fusi-
form face area) and motion processing task (right
V5). Interestingly, resting-state activity was found to
be similar in AD and DLB groups, such that both
groups demonstrated a relative lack of deactivation in
posterior cingulate/precuneus regions compared with
controls (Sauer et al., 2006). Although these results
are preliminary, they suggest a differential pattern of
brain activity between DLB and AD on some visuo-
perceptual tasks, and further suggest that functional
MRI may be an important tool in the future for
clarifying the neuroanatomical correlates of DLB.

Genetics
Research on the genetic epidemiology of DLB is in
its relative infancy. However, familial cases of parkin-
sonism have been recognized and several published
case reports suggest that the clinical and neuropatho-
logical profiles of these cases are heterogeneous.
Specifically, one study of familial DLB found that all
individuals in one kindred developed the “pure” form
of DLB with minimal AD pathology, while another
kindred developed features consistent with both Lewy
body and AD pathology (Galvin et al., 2002). It has
also been suggested that the clinical presentation
within kindreds may be quite heterogeneous. For
example, another study of a DLB kindred found
significant variability in the course of the disease,
with some individuals presenting with parkinsonism
followed by dementia, while others had cognitive
decline prior to the onset of their parkinsonism (e.g.
Tsuang et al., 2002). Studies examining the family
history of dementia and PD in patients with PD,
PDD and DLB have found that a positive family

history of PD was equally as frequent across PD,
PDD and DLB; however, a positive family history of
dementia was four times as likely in the DLB group
compared with either PD or PDD (Papapetropoulos
et al., 2006).

Similarities of the presentations in families with
DLB and PDD suggest similar underlying genetic
mechanisms, and, indeed, several mutations have
been found that alter a-synuclein and lead to symp-
toms of DLB/PDD (review by Gwinn-Hardy, 2002).
PARK1 is a mutation of the a-synuclein gene that has
been associated with familial parkinsonism, including
DLB and PDD, with specific mutations having been
identified at A53T (Polymeropoluos et al., 1997),
A30P (Kruger et al., 2001) and E46K (Zarranz et al.,
2004). PARK2 is a mutation in the parkin gene, which
is most frequently associated with severe degeneration
of dopaminergic neurons in the substantia nigia pars
compacta and subsequent early-onset parkinsonism
(Abbas et al., 1999); however, PARK2 has also been
associated with Lewy body pathology (Farrer et al.,
2001), consistent with a potential link between parkin
and a-synuclein (Schlossmacher et al., 2002). PARK3
is associated with a course similar to idiopathic PD
(Gasser et al., 1994) while PARK4 causes a more
variable phenotype ranging from PD to DLB (Muenter
et al., 1998). PARK6, PARK7 and PARK8 are all muta-
tions on chromosome 1. PARK6, in particular, is associ-
ated with autosomal recessive early-onset parkinsonism
(Valente et al., 2001). Recently, a region of PARK6,
PINK1 (coding for the PTEN-induced kinase 1)
has been linked to a-synuclein disorders. Specifically,
an examination of pathologically confirmed patients
with PD, DLB and multisystem atrophy found that
PINK1, a putative mitochondrial protein, is present
in both the glial cytoplasmic inclusions seen in multi-
system atrophy and the Lewy bodies of DLB and PD
(Murakami et al., 2007). Although the precise mech-
anisms by which PINK1 is associated with Lewy
bodies and glial cytoplasmic inclusions is unclear,
these results do suggest that PINK1 plays a role in
the pathology associated with disorders of a-synuclein.

Another set of studies has found that the triplica-
tion of a region within the gene for a-synuclein is
associated with autosomal dominant Lewy body dis-
ease with a heterogeneous clinical phenotype ranging
from typical PD to DLB (Farrer et al., 2004; Singleton
et al., 2004), These results suggest that the genetic
overexpression of wild-type a-synuclein may lead to
clinically significant disease. However, in a large study
of sporadic DLB and early-onset PD, examination of

Chapter 2: Dementia with Lewy bodies

17



the a-synuclein gene did not reveal any significant
duplications and/or multiplications in this popula-
tion, which suggests that this phenomenon may not
be a common cause of sporadic parkinsonism and
related disorders (Hofer et al., 2005).

In addition to genetic factors that affect a-synuclein
expression, DLB/PDD is also associated with genes
normally associated with AD. The gene APOE
encodes apolipoprotein E and is polymorphic. There
are three alleles: e2, e3 and e4, giving rise to three
isoforms APOE2, APOE3 and APOE4. The APOE
gene, and in particular the e4 allele, have previously
been associated with an increased risk of AD, with the
highest risk occurring in homozygous individuals
(i.e. e4/e4) (Corder et al., 1993). Given the previously
described overlap between DLB and AD pathology,
it is not surprising that the APOE4 isoform has also
been found to contribute to the presentation of DLB.
Patients with DLB have been found to have similarly
elevated levels of the e4 allele when compared with
AD; however, patients with DLB show normal levels
of e2 allele, which may be neuroprotective, whereas
AD patients have reduced e2 levels (Singleton et al.,
2002). One recent study has suggested an increased
frequency of the e3/e4 genotype in males with DLB
(Rosenberg et al., 2001). Status for e4 may also
increase the risk of developing PDD. Specifically,
Pankratz et al. (2006) found that patients with PD
who had at least one e4 allele were at an increased risk
for developing dementia and also had an earlier age
of onset. In another study examining the effects of
APOE4 on individuals with either AD only or com-
bined AD/DLB, results suggested that, in individuals
with at least one e4 allele, the odds of having com-
bined AD/DLB were increased nine-fold relative to
controls (e2/e2), while the odds of having AD/DLB
relative to AD only were increased two-fold (Tsuang
et al., 2005). These results suggest that individuals
carrying e4 are at increased risk for coexistent Lewy
body pathology. As seen in other studies, this effect
appeared to be somewhat stronger in males, although
the effects were not significant. In one study examin-
ing 22 famiilies with a history of AD and DLB, four of
the families at neuropathological examinination had a
demonstrated linkage to chromosome 12p (Trembath
et al., 2003), which has previously been found to be
associated with late-onset AD and coexistent synu-
clein pathology. In particular, it has been suggested
that chromosome 12p may be a strong predictor
of late-onset combined DLB/AD pathology in indi-
viduals lacking an e4 allele (Scott et al., 2002).

Additionally, significant Lewy body pathology in the
context of familial AD has been observed in associ-
ation with the encoding presenilin-1 mutation E184D
(Yokota et al., 2002), as well as other mutations
affecting both presenilin and APP (Lippa et al., 1998).

In summary, current results suggest that specific
mutations of the a-synuclein gene, including PARK1
and PARK6, are associated with familial parkinson-
ism, with variable clinical phenotypes including PD,
PDD and DLB. Replications within the a-synuclein
gene itself can also lead to clinically significant Lewy
body disease, although this is an unlikely cause of
sporadic disease. The presence of an e4 allele increases
the risk of combined AD/DLB pathology, and muta-
tions in genes for presenilin and APP may also
increase a-synuclein pathology, again highlighting
the link between AD and DLB pathology.

Treatment/management
Data regarding the efficacy of various pharmaco-
logical treatments in DLB are relatively sparse; conse-
quently much of the treatment and management
strategies for patients with DLB is derived from
clinical observation. However, there is significant
evidence suggesting the efficacy of AChEIs and the
danger of neuroleptic medications in this population.

Anticholinesterase inhibitors
As described above, patients with DLB have more
severe deficits in ACh than those with AD. Therefore,
it follows that patients with DLB might be expected to
benefit significantly from AChEIs such as donepezil,
rivastigmine and galantamine, which are medicines
typically prescribed for AD. Kaufer et al. (1998) ini-
tially described two case studies of patients with DLB
who showed significant improvements in attention
upon the administration of donepezil. More carefully
designed clinical trials have also suggested that
AChEIs benefit in DLB. A double-blind placebo-
controlled study of 20 weeks of rivastigmine in 487
patients with PDD found decreases in apathy, anxiety,
delusions and visual hallucinations and increases
in attention and memory (McKeith et al., 2000b).
An open-label 20 week trial of donepezil in 30
patients with DLB and 40 with PDD found a 12–15
point decrease in neuropsychiatric symptoms on the
NPI and a 3–4 point improvement in MMSE scores
(Thomas et al., 2005). Rivastigmine has been noted
to improve attention in PDD (Wesnes et al., 2005),
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while donepezil has been found to lead to improve-
ments in continuity of attention and decreased reac-
tion time variability in both DLB and PDD on
computerized tasks of attention (Rowan et al., 2007).
Overall, studies examining the effects of AChEIs in
DLB/PDD have generally found positive benefits, par-
ticularly for reducing neuropsychiatric symptoms and
fluctuations in attention. Of note, given the severe
cholinergic deficits in DLB, all attempts should be
made to avoid medications that have anticholinergic
properties, as they contribute to a worsening of
symptoms.

Dopaminergic agents
Historically, patients with DLB have been found to
show variable effects of levodopa on motor function,
and in some cases patients have experienced adverse
effects on cognition, including increased hallucin-
ations and confusion (Molloy et al., 2005). However,
a more recent study examining the effect of levodopa
on cognition in DLB and PDD found that after
3 months both groups demonstrated increases in
motor function and subjective alertness in the context
of stable cognitive abilities, suggesting that levodopa
might benefit some patients with DLB/PDD (Molloy
et al., 2006). However, patients with DLB are less
likely to respond to levodopa than those with PDD
or PD (Bonelli et al., 2004). Specifically, one study
found that after 6 months of levodopa treatment,
followed by an acute levodopa challenge in the “off”
state, only 36% of patients with DLB responded, in
comparison to 70% in a PDD group and 57% in a PD
group, with a positive response more likely in younger
patients (Molloy et al., 2005). Overall, these results
suggest that treatment with levodopa will produce a
significant motor response in some patients with DLB;
however, some patients will demonstrate increased
neuropsychiatric symptoms and confusion during
levodopa treatment. Therefore, the risks and benefits
of using levodopa in patients with DLB should be
assessed on an individual patient-by-patient basis.

Neuroleptic sensitivity
As noted previously, patients with DLB are at a
significantly increased risk of severe reactions to
neuroleptic medications, including an increased risk
of mortality, suggesting that the use of typical and
atypical antipsychotic medications should generally
be avoided in these patients. As described above, many
neuropsychiatric symptoms in DLB respond well to
AChEIs, thus potentially alleviating the need for

antipsychotic treatment. When needed, low doses of
quietiapine have been found to benefit neuropsychia-
tric symptoms in DLB, with minimal motor side-
effects (Fernandez et al., 2002). In addition to the
effects of neuroleptics, the use of general anesthesia
in patients with DLB can cause delirium with signifi-
cant confusion and neuropsychiatric symptoms.
Therefore, minimizing the length of exposure and
strength of anesthesia may be particularly beneficial
to these patients.

In summary, there is good evidence suggesting
that patients with DLB benefit significantly from
treatment with AChEI therapies, with improvements
in arousal and cognitive function, as well as observed
decreases in neuropsychiatric symptoms such as hal-
lucinations, delusions and anxiety. Evidence is mixed
regarding the efficacy of levodopa in the treatment of
motor symptoms in DLB, with some studies suggest-
ing that approximately one-third of patients show
significant benefit; however, in some cases, levodopa
treatment is associated with an increase in neuropsy-
chiatric symptoms. Sensitivity to both neuroleptics
and general anesthesia is common in DLB and sug-
gests that extreme caution should be used when
administering these treatments. Low doses of quetia-
pine may be a useful treatment for severe neuro-
psychiatric symptoms; however, AChEI therapies
should typically be the first line of treatment in DLB
as they may prevent the need for antipsychotic drugs
altogether.

Future research
As discussed throughout the chapter, much of the
research on DLB is in its relative infancy. Conse-
quently, the next several decades will prove to be
particularly enlightening with respect to understand-
ing the genetic and neuropathological mechanisms
that contribute to the clinical syndrome of DLB.
One area that would benefit from specific attention
is the development of criteria for the early diagnosis
of DLB (e.g. mild cognitive impairment DLB [MCI-
DLB]). Diagnostic criteria for DLB require the pres-
ence of dementia as a core feature of the disorder.
However, some individuals have clinical symptoms
suggestive of underlying Lewy body pathology (e.g.
hallucinations and mild parkinsonism) in the absence
of dementia, and thus would not meet the criteria set
out by McKeith et al. (2005). The criteria of MCI was
created to represent a clinical syndrome predictive of
those at-risk for developing AD, and has historically
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been focused on the early predominance of memory
symptoms (e.g. Petersen et al., 1999; Morris et al., 2001;
Grundman et al., 2004.) Patients with DLB may
not fit into the “standard” amnestic-MRI criteria
owing to their lack of substantial memory impair-
ment; however, there are currently no diagnostic
criteria to define “MCI-DLB.” Current research sug-
gests that dysautonomia, RBD and neuroleptic sen-
sitivity may all be early features of DLB and
could potentially be included in research criteria for
MCI-DLB for multiple reasons. First, it is possible
that there are individuals who do not yet meet
DLB research criteria but who are at-risk for poten-
tially life-threatening neuroleptic reactions and would
benefit from early identification. Second, the know-
ledge that patients with DLB benefit significantly
from AChEI therapy begs the question of how indi-
viduals with MCI-DLB would respond to early inter-
vention. Last, as clinical trials become available
for DLB, the identification of individuals at-risk for
developing DLB will be of great importance. In sum-
mary, future research into the early identification
of the individual at-risk for developing DLB/PDD
will expand our knowledge regarding this prevalent
disorder and assist with providing these patients with
better and earlier therapies.

Summary
In summary, DLB is a clinical disorder characterized
by dementia, neuropsychiatric symptoms, parkinson-
ism and fluctuations in attention. Pathologically, DLB
is associated with alterations in a-synuclein, with
Lewy body pathology that begins in the brainstem,
progresses to the amygdala and limbic cortex, and
finally extends into neocortex. Patients with DLB
exhibit profound cholinergic deficits that likely con-
tribute to the development of visual hallucinations
and fluctuations in attention, and accordingly tend to
show excellent response to AChEI therapies. Impor-
tantly, these patients are at increased risk for mortality
secondary to neuroleptic sensitivity; therefore, anti-
psychotic drugs should be used with extreme caution
in this population. There are many significant clinical
and pathological features that overlap in DLB and
AD, suggesting that these two disorders may exist
on a spectrum. Future research regarding the pro-
drome of DLB (e.g. “MCI-DLB”) would be beneficial
in clarifying the earliest features of the disorder and
allow for the early identification of patients that may
benefit from intervention.
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Chapter

3 Neurogenetics of dementia

Huidy Shu

The molecular era of human genetics began in 1983
when an intrepid group of clinicians and scientists led
by James Gusella and Nancy Wexler mapped the gene
mutation that causes Huntington's disease (HD) to
the short arm of human chromosome 4.[1] In the 25
years since this discovery, the new field of human
neurogenetics has provided an unprecedented explo-
sion in our molecular understanding of dementia.
Aided by the “completion” of the Human Genome
Project, scientists continue to discover new gene
mutations that cause rare but highly penetrant famil-
ial dementia syndromes. The study of these genes and
the proteins they encode have provided us with plaus-
ible hypotheses for the biochemical underpinnings
of these rare diseases as well as the more common
syndromes to which they are related.

Traditional disease gene discovery has been per-
formed through the processes of “linkage analysis”
and “positional cloning.”[2,3] These methods make
no a priori assumptions about the biochemical func-
tion of the protein corresponding to the mutant gene
but instead rely upon the discovery of the physical
location of the mutation on one of the chromosomes.
They require the phenotypic characterization of one
or more large families through which the disease
phenotype segregates. In general, larger families pro-
vide more genetic information through the number of
meiotic recombination events. Genetic material from
each available member of the family is scored for a
panel of DNA polymorphisms, or “markers”, span-
ning each human chromosome. The goal is to find a
statistical linkage between the disease phenotype and
individual marker alleles, which is represented statis-
tically as a “logarithm of the odds” or LOD score.
A value of þ3, in general, represents a significant
genetic linkage, corresponding to the conventional
p< 0.05 threshold for statistical significance. Once

linkage is established with one “marker”, more precise
mapping can be performed with even more closely
spaced DNA polymorphisms in the local chromo-
somal region. The most optimistic scenario for this
type of analysis is linkage to a chromosomal region
approximately 1 million base pairs of DNA in length.
In analyses with no linkage, confounding factors can
include phenotypic uncertainty caused by incomplete
penetrance, variable expressivity, complex inherit-
ance, non-paternity or just plain misdiagnosis.

Once the candidate region has been narrowed to
the limit of resolution made possible by the number
of meiotic events within the affected family, a search
for the causative mutation can begin.[3] A map of
every gene within nearly every chromosomal region is
available online now through the Human Genome
Project.[4,5] Large-scale sequencing of the coding
regions of these candidate genes in DNA samples
from family members is then usually necessary to
find the specific mutation that is associated with the
disease phenotype. Both the severity of the amino
acid change caused by mutation as well as the
importance of the amino acid to the overall function
of the protein (determined by evaluation for evolu-
tionary conservation) influence the likelihood that
discovered mutations are disease-causing rather than
benign polymorphisms. Confirmation that the dis-
covered mutation causes the disease can sometimes
be difficult and may entail experiments such as muta-
tion screening in other individuals or families with the
same disease, development of a transgenic or knock-
out mouse model of the disease or by “rescue” of the
disease phenotype in cell culture by gene replacement.

The vast majority of human neurogenetics research
over the past 20 years has followed this outline of
linkage analysis and positional cloning. In this chapter,
I hope to summarize the major discoveries in the
neurogenetics of the major dementia syndromes.
I hope also to convey how these genetic findings have
shaped our understanding of the molecular and cellu-
lar pathogenesis of dementia and how our increased
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understanding of disease pathogenesis is bringing us
closer to effective therapies for dementia.

Alzheimer's disease
Alzheimer's disease (AD) is the most common cause
of dementia.[6] There are at least an estimated 15
million people worldwide with AD. Because age is
the strongest risk factor for the development of AD,
improvements in public health and medical treatment
during the twentieth century have extended the
average lifespan worldwide but have also contributed
to epidemic numbers of AD cases. Chapter 5 has a
more extensive discussion of the clinical presentation,
diagnosis and treatment of AD.

Family history is a strong risk-factor for the devel-
opment of AD.[7] Three factors argue for the link
between genes and AD. First, there are very rare
families (< 5% of cases) where early-onset AD (before
age 60) is inherited in an autosomal dominant fashion
(Familial AD [FAD]). The study of these families has
led to extensive molecular genetic analysis of this dis-
ease since the early 1990s and is reviewed within this
chapter. Second, late-onset AD (after age 65) carries a
cumulative risk of approximately 25% in first-degree
relatives of patients with AD.[8–10] Finally, the vast
majority of individuals with Down syndrome will
develop AD neuropathology if they survive to 40 years
of age.[11,12] Because Down syndrome is caused by
trisomy of chromosome 21, this suggests that changes
in expression of one ormore genes on this chromosome
may predispose individuals to AD.

The amyloid hypothesis
The central role of the b-amyloid peptide in the
pathogenesis of AD has been established through a
combination of genetic and biochemical analysis
since the mid 1980s. Biochemical analysis first identi-
fied b-amyloid as the major component of senile
plaques, the distinguishing neuropathological signa-
ture of AD. The gene that encodes the precursor to
b-amyloid, or amyloid precursor protein (APP), was
then found mutated in certain families with autosomal
dominant AD. Two other genes have been isolated that
also segregate with early-onset FAD in an autosomal
dominant fashion. Amazingly, these other two genes
produce proteins that are critical for the protease-
dependent processing of APP into b-amyloid. These
data taken together provide overwhelming evidence
that the proteolytic formation of the b-amyloid peptide
from APP is a key step in the pathogenesis of AD.

In 1984, Glenner and Wong purified the protein
component of the cerebrovascular amyloid found in
AD brains.[13] This 4.2 kDa protein consisted of
24 amino acid residues and was named b-amyloid
protein. A second group led by Masters confirmed
this finding in 1985 with the discovery of an identical
40 amino acid residue protein in both AD and Down
syndrome brains.[14,15] When the gene encoding
this protein was cloned in 1987, it was found that
b-amyloid protein, also called Ab40, was a proteolytic
fragment of the large transmembrane domain protein
APP.[16–19]

The gene for APP includes 19 exons and its
mRNA is extensively alternatively spliced.[20] The
three major APP isoforms consist of 695 (APP695),
751 (APP751) and 770 (APP770) amino acid residues,
but APP695 is the predominant isoform expressed
in the brain.[21] Extensive post-translational modifi-
cation also occurs with APP; it can be processed
by three different proteolytic enzymes: a-, b- and
g-secretases (reviewed by Blennow et al. [6]). Alpha-
secretase cleaves APP within the amyloid domain and
so is not involved in b-amyloid peptide formation.
Beta-secretase releases the N-terminal end of b-amyloid
peptide from APP, and g-secretase cleavage releases
the C-terminal end within the transmembrane domain
of APP. The resulting proteolytic fragments from
b- and g-secretase cleavage include Ab40 and Ab42,
both amyloidogenic peptides that differ only by two
amino acid residues at their C-terminus.

The initial genetic linkage between the familial AD
phenotype and the APP locus on chromosome 21 was
difficult to prove. Only after a mutation in APP
(G693Q) was found to cause a rare syndrome of
hereditary cerebral hemorrhage with amyloidosis did
direct sequencing of APP in samples from patients
with FAD commence in earnest.[22] In 1991, John
Hardy and colleagues found that rare cases of FAD
are caused by a missense mutation (leading to V717I)
within the APP gene.[23] A number of other APP
mutations have subsequently been found within other
AD families (over 30) but this first mutation (V717I)
remains the most common. These mutations can be
divided into two groups: those that cause early-onset
AD and those that cause cerebral amyloidosis with
or without AD. Interestingly, mutations that cause
cerebral amyloidosis (causing changes E693Q, E693K,
N694D) cluster within the b-amyloid domain of APP,
while the majority of those that cause early-onset AD
cluster near the g-secretase cleavage site within the
transmembrane domain.
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Shortly after these mutations in APP were described,
genetic linkage was found with other early-onset AD
families and two other genetic loci on chromosomes
1 and 14. In 1995, a group led by Peter St. George-
Hyslop cloned the gene for presenilin 1 (PS1) on
chromosome 14.[24] This gene consists of 13 exons
encoding multiple protein isoforms through alterna-
tive mRNA splicing. The full-length protein has 467
amino acid residues and has a complex structural
topology with nine transmembrane domains. Two
months later, a group led by Gerald Schellenberg
published details of a PS2 gene with linkage to early-
onset familial AD on chromosome 1.[25] The amino
acid sequence from PS2 is nearly identical to that
from PS1 with 80% sequence similarity. The PS2 gene
comprises 12 exons whose organization is again
remarkably similar to PS1, implying that these genes
arose through evolution by duplication. Genetic studies
in mice have confirmed that PS1 and PS2 are in part
genetically redundant, suggesting that their biochem-
ical functions are quite similar.[26]

The majority of families segregating early-onset
AD harbor mutations in PS1 while APP and PS2
mutations are much rarer.[27] More than 160 differ-
ent mutations in PS1 have been described and they
are associated with the most aggressive forms of FAD.
[28–32] Mean age of disease onset is very early (usually
under age 50), and the duration of disease is rather
short (usually less than 8 years). Phenotypically, those
with PS1 exhibit severe dementia with more promin-
ent aphasia, myoclonus, seizures and parkinsonism
compared with those with APP mutations.[28] Patho-
logically, senile amyloid plaques, neurofibrillary
tangles, and amyloid angiopathy have all been com-
monly found in those with PS1 mutations. Mutations
in PS2 are very rarely found as a cause of FAD, with
only 12 pathogenic mutations described to date. The
most-extensively studied family has an average age
of onset of 54.9 years and the penetrance of PS2-
mediated disease is far from 100%.[33] In fact, there
is significant variability in the age of onset within the
same family, extending from the forties to the seven-
ties, and this variability may be influenced by allele
status in the gene for apolipoprotein E (APOE). The
disease phenotype is otherwise indistinguishable from
sporadic AD, both clinically and pathologically.

Presenilin 1 protein (and possibly presenilin 2
as well) has been shown to be an important contribu-
tor to the g-secretase cleavage activity required
for b-amyloid formation from APP (reviewed by
de Strooper [34]). Presenilin forms a protein complex

with three other proteins within neuronal membranes:
nicastrin, anterior pharynx-defective 1 (Aph1) and
presenilin enhancer 2 (Pen2). Each of these proteins
contributes to the complex's aspartyl protease activity,
which cleaves APP within the transmembrane
domain liberating the C-terminal fragment of APP.
This activity, often called g-secretase, is the final
enzymatic step in the production of Ab40 and
Ab42. In vitro studies have shown that pathogenic
mutations within PS1 and PS2 decrease the produc-
tion of Ab40 in favor of the more amyloidogenic
Ab42.[35,36] These data, taken together, suggest
a molecular mechanism for amyloid deposition in
AD and they have highlighted the g-secretase as an
attractive target for rational drug design. Unfortu-
nately, g-secretase activity is required in a number
of other essential biochemical pathways, most notably
the Notch signaling pathway during embryogenesis.
[37,38] The broad range of essential g-secretase activi-
ties has been a formidable barrier to the development
of specific inhibitors of APP processing for the treat-
ment of AD.

Apolipoprotein E
While causative mutations in the genes for APP and
presenilin have been found in cases of early-onset AD,
these genes play a much smaller role in the develop-
ment of late-onset AD. Instead, polymorphisms
within the gene encoding APOE are the most import-
ant genetic determinants of late-onset AD risk. The
ApoE gene maps to the long arm of chromosome 19
and it encodes a polypeptide of 299 residues. There
are three common isoforms of ApoE resulting from
polymorphisms at two amino acids within the protein,
residues 112 and 158. The most common allele, ApoE3
(e3) (70–80%), gives rise to an isoform with cysteine at
residue 112 and arginine at 158. The less common
isoforms ApoE2 (5–10%) and ApoE4 (10–20%) con-
tain cysteines or arginines at both sites, respectively.
Apolipoprotein E is a component of both chylomi-
crons and very low density lipoproteins (VLDL) and
these small variations in ApoE sequence cause signifi-
cant differences in the risk of type III hyperlipo-
proteinemia and atherosclerotic disease.

In 1991, a group led by M. Pericak-Vance estab-
lished genetic linkage to chromosome 19 in families
with late-onset AD.[39] Shortly thereafter, they found
that the ApoE4 allele was highly associated with the
development of sporadic and familial late-onset AD.
[40,41] In their initial study, the ApoE4 allele fre-
quency was 0.50 in patients with AD versus 0.16 in
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controls.[42] This association has been replicated by a
large number of other groups in a variety of clinical
settings and the effect has remained consistent.
A recent meta-analysis of all published ApoE allele
case–control and family-based studies provides an
odds ratio of 2.8 to 4.3 for the development of AD
with one ApoE4 allele.[43] The effect seems to be
dosage dependent because ApoE4 homozygotes have
an odds ratio of 11.8 to 21.8. Other studies have
shown that ApoE4 alleles are associated with an earlier
onset of AD.[40,44] The ApoE4 allele is not necessary
for the development of AD, as nearly half of all
patients with AD do not have an ApoE4 allele, but
it could be considered sufficient because more than
90% of all ApoE4 homozygotes develop disease.[40]

In 1994, three different groups found a different
relationship between APOE and AD.[45–47] In simi-
lar association studies, they found that the rare ApoE2
allele was associated with a lower risk of AD when
compared with patients homozygous for ApoE3. This
has been confirmed by a number of other studies,
including the same recent meta-analysis, which pro-
vided an odds ratio of 0.3 to 0.7 for the development
of AD with one ApoE2 allele.[43] This is consistent
with a model where ApoE2 confers protection from
AD where ApoE4 confers additional risk of the disease.

That different alleles of ApoE impart opposite
tendencies for the development of sporadic AD
implies that ApoE is important for the AD pathogen-
esis. Unfortunately, the mechanism of ApoE's effects
on AD risk remains obscure. Some studies have sug-
gested that ApoE is necessary for b-amyloid depos-
ition in a mouse model of AD.[48] In vitro studies
have revealed that ApoE3 interacts with b-amyloid
with extremely high affinity, whereas ApoE4 binds
20 times less tightly.[49] This suggests that ApoE
may be part of a b-amyloid clearance mechanism
where ApoE4 is less efficient than ApoE3. Still other
studies have implicated ApoE4's inhibitory effects on
neurite extension and branching as the culprit.[50]

Other genetic risk factors
Mutations in the genes for APP and presenilin cause
rare but highly penetrant early-onset AD phenotypes,
but they only account for less than 5% of all AD cases:
95% of AD cases are typically of the late-onset variety
and more than half of the patients have risk conferred
by the ApoE4 allele described above. This leaves
nearly half of all AD cases with unknown genetic risk
factors. Owing to the explosion of genetic sequence

data collection since the late 1980s, there has been a
flood of small studies either suggesting or refuting
newly discovered small genetic risk factors for AD,
but the complete collection of these papers has been
nearly impossible to digest for individual investiga-
tors simply because of the sheer volume.

A catalogue of all of the published genetic associ-
ation studies has now been compiled and is available
to the public through the Alzgene website (http://
www.alzforum.org/res/com/gen/alzgene/default.asp).
In addition, a meta-analysis has been performed for
each gene for which there are at least two independent
association studies and these data are also available
online. The result of this undertaking is a continually
compiled and updated database of all gene association
studies for AD with an up-to-date rank list of signifi-
cant odds ratios for each genetic risk factor in ques-
tion. This database will certainly be an invaluable
resource for the research community as their collect-
ive focus shifts from rare but highly penetrant genetic
causes of early-onset AD to common, but poorly
penetrant genetic risk factors of late-onset AD.

Frontotemporal dementias
Frontotemporal dementia (FTD) is the most common
member of a group of dementia syndromes charac-
terized by focal degeneration of the frontal and anter-
ior temporal lobes of the brain. Those patients with
frontotemporal lobar degeneration (FTLD) differ from
patients with AD in that they present with behavioral
symptoms (FTD), non-fluent aphasia (progressive non-
fluent aphasia [PNFA]) or loss of semantic knowledge
(semantic dementia [SD]) rather than with memory
loss. For an extensive discussion of the clinical features
of these syndr omes, see Ch. 4, 18 and 19.

A recent study of pedigrees in a large clinical
cohort has revealed a strong genetic influence on the
development of FTLD.[51] Nearly 38% of those with
FTLD have a family history of dementia and in 13%
there is evidence for autosomal dominant inheritance.
In addition, individual clinical syndromes have differ-
ences in heritability: 59% of those with FTD/amyo-
trophic lateral sclerosis (ALS) have a family history of
dementia or ALS while only 17% of patients with SD
have such a family history.

The study of FTLD neuropathology has revealed a
great deal of confusing heterogeneity within clinical
syndromes and clinical overlap between these same
syndromes. Over the last several years, it has become
clear that most cases of FTLD are pathologically
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associated with neuronal inclusions filled with either
filamentous phosphorylated microtubule-associated
protein tau (MAP-t) or ubiquitinated TAR DNA-
binding protein (TDP-43). This dichotomy has sug-
gested for many years that the pathogenetic mechan-
isms underlying FTLD may be heterogeneous as well;
an idea supported by genetic data collected since the
mid 1990s.

In 1998, Michael Hutton and colleagues isolated
causative mutations for autosomal dominant FTD
with parkinsonism (FTDP-17) in the gene encoding
MAP-t on human chromosome 17.[52] Tau is a 352
to 441 amino acid residue protein that functions
to promote microtubule polymerization through an
interaction with four microtubule binding repeats
at the protein's C-terminus. The gene MAPT has 14
exons whose splicing is regulated in a complex fash-
ion.[53] Alternative splicing occurs at exons 2, 3 and
10 and each of the six possible splice variants is
expressed in the human brain. Three of the resulting
isoforms contain four microtubule binding repeats
(4R) while the others contain three (3R).

More than 30 pathogenic mutations have been
isolated in the MAPT gene. Most are missense muta-
tions affecting the C-terminal microtubule repeat
domains (G272V and R406W), most prominently
the variable repeat encoded by exon 10 (R301L).
In addition, another set of mutations lie within the
intron preceding exon 10, and molecular analysis
has shown that these mutations increase the inclusion
of exon 10 within the spliced mRNA.[52] These
mutations, therefore, pathogenically increase the pro-
portion of 4R MAP-t compared with 3R MAP-t
within the brain. In vitro studies have shown that
many of these mutations disrupt MAP-t interactions
with microtubules and cause accumulation of MAP-t
within neurons.[54,55] Despite these discoveries,
however, it remains unclear which of these mechan-
isms are causative rather than just associated with the
disease phenotype.

Most of these patients with MAPT mutations
present with clinical early-onset FTD (age 30–60) with
or without parkinsonism.[56] There are, however,
exceptions, including those that present primarily with
parkinsonism,[57] memory loss,[58,59] aphasia,[60]
corticobasal syndrome [61] and even a clinical syn-
drome consistent with progressive supranuclear palsy
(PSP).[62,63] Pathologically, these brains have atrophy,
neuronal loss and some combination of neurofibrillary
tangles, Pick bodies, and other MAP-t-positive staining
cytoplasmic neuronal inclusions.

Genetic studies in both mice and fruit flies have
shown that MAP-t is not essential for animal viability.
[64,65] Homozygous loss-of-function mutations in
MAPT, however, can enhance the neuronal migration
and axon outgrowth defects exhibited by mutants for
the other major microtubule-associated protein in
mammals, MAP1B, suggesting that there is functional
redundancy between these related genes.[66] Over-
production of mutant MAP-t within the Drosophila
nervous system induces cell death, and genetic screens
for interacting genes have isolated the gene for glyco-
gen synthase kinase 3b (GSK3b) as a critical partner
for the cell death phenotype through its ability to
phosphorylate MAP-t.[67] Transgenic mice overpro-
ducing mutant MAP-t species within the brain have
recapitulated cognitive deficits, neurodegeneration
and neurofibrillary tangles seen in human tauopathies
as hypothesized.[68] One recent study however has
dissociated MAP-t accumulation in neurofibrillary
tangles from cognitive decline and neuronal death
in a specific mouse model, suggesting that neuro-
fibrillary tangles are not the proximal cause of FTLD
or AD.[69]

The second gene associated with FTD was mapped
to chromosome 9p13 and isolated by Virginia Kimonis
and colleagues in 2004.[70] They studied 13 families
through which segregated a rare syndrome involving
inclusion body myopathy associated with Paget's dis-
ease of the bone and FTD (IBMPFD). Individual
patients with this syndrome may not manifest each
of these component symptoms. For instance, in
the largest series of patients reported, myopathy is
the most common phenotype, but only 30% of the
patients exhibited FTD.[70] A more recent descrip-
tion of two French families with confirmed mutations
revealed an FTD penetrance of 70–100%, with a lower
rate of myopathy.[71] Initial neuropathological stud-
ies have revealed the presence of ubiquitin-containing
inclusions uniquely within neuronal nuclei within
neocortex.[72,73]

Causative mutations in the gene encoding valosin-
containing protein (VCP) were found by sequencing
through candidate genes residing at 9p13.[70] This
protein is a 97 kDa protein in the type II AAA-ATPase
family. It is ubiquitously expressed and highly con-
served from yeast to humans. Evidence suggests that
VCP may act as a molecular chaperone, shuttling
ubiquitinated proteins to the proteasome complex to
initiate degradation and thus regulating a host of
cellular processes. All of the published mutations in
IBMPFD families affect the N-terminal domain, which
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is thought to interact with ubiquitinated proteins.
In fact, 11 of 16 affected families in the literature
harbor mutations affecting a highly conserved argin-
ine at position 155 within this CDC48-homologous
domain of VCP. These data suggest that impaired
targeting of misfolded proteins to the proteasome
may be relevant in the study of neurodegenerative
diseases, many of which involve the abnormal accu-
mulation of specific proteins within the brain.

Valosin-containing protein is highly conserved
through evolution and has been studied most exten-
sively in yeast, flies and in mammalian cell culture.
[74] The yeast and mammalian versions of VCP have
been implicated in membrane fusion, cell cycle control,
transcriptional regulation, apoptosis and endoplasmic
reticulum-associated degradation of misfolded proteins.
Homozygous mutations within ter94, the Drosophila
orthologue of VCP, are lethal but heterozygous loss-
of-function mutants have no obvious phenotype.[75]
It was also isolated in a genetic screen for dosage-
dependent modifiers of polyglutamine-induced neu-
rodegeneration.[76] More recently, overexpression
of human VCP has been shown to genetically sup-
press neurodegeneration induced by overproduction
of Drosophila ataxin-3, a polyglutamine-containing
protein.[77] These studies, along with the finding that
VCP mutations cause IBMPFD, suggest that VCP may
be part of a commonmechanism of neurodegeneration
caused by a number of molecular etiologies.

The third gene associated with FTD was isolated
by Elizabeth Fisher and colleagues in 2005.[78] They
studied 11 affected members of a large Danish family
from Jutland segregating an autosomal dominant
dementia syndrome. The causative mutation on
chromosome 3 was found in the gene encoding the
charged multivesicular body protein 2B (CHMP2B).
[78] This is a 213 amino acid residue protein conserved
throughout species and contains coiled coil, SNF-7 and
C-terminal acidic domains. It is a known component
of the endosomal secretory complex required for trans-
port III (ESCRTIII) that regulates trafficking of specific
vesicular compartments within cells.

Affected individuals from this Danish family have
been extensively studied over the last 30 years.[79]
The average age of onset for this syndrome is 57 years
and the onset is insidious. It presents with subtle
personality change, disinhibition, apathy, dyscalculia
and hyperorality. Late in the disease course, motoric
abnormalities are prominent, with parkinsonism,
dystonia, pyramidal signs and myoclonus. The aver-
age disease course is 8 years. Recent neuropathologic

analysis was performed in two patients and signs
of Alzheimer's pathology, MAP-t inclusions and
ubiquitin-containing inclusions were not seen.[79]

The Jutland mutation within CHMP2B lies in the
splice acceptor site of exon 6.[78] Molecular analysis
of amplification products of CHMP2B by reverse
transcriptase polymerase chain reaction in these
affected individuals revealed two aberrant mRNAs
not seen in unaffected family members. One product
contained 201 base pairs of intronic sequence between
exon 5 and exon 6. The other product utilized a
cryptic splice acceptor site within exon 6. Both pre-
dicted protein translations have different (or missing)
amino acid sequences for the final 30 or so residues
of the protein. Further screening of 400 unrelated
Europeans with FTD for mutations within CHMP2B
revealed only one change affecting a conserved resi-
due (G442T).[78] Extensive genetic analysis in hun-
dreds of other American FTD families has shown that
CHMP2B mutations are an extremely rare cause of
disease.[80] In fact, a nonsense mutation was recently
found in an Afrikaner non-demented control that
causes a similar effect upon the CHMP2B C-terminus
as seen in the Danish mutation. More recent analyses
in a Belgian FTD cohort have revealed one family with
a nonsense mutation that also causes a truncation of
the protein's C-terminus.[81] Overproduction of these
truncated proteins has been shown to cause endosomal
accumulation in cell culture as well as autophagy and
neurodegeneration in the Drosophila nervous system.
[81,82] These findings suggest that there may be
incomplete penetrance of the CHMP2B FTD pheno-
type, but that C-terminal truncation of CHMP2B is
likely to be a rare, bonafide cause of genetic FTD.

A much more common genetic cause of FTD was
found independently by groups led by Christina van
Broeckhoven and Michael Hutton in 2006.[83,84]
This work arose from the discovery of mutations
within the gene encoding MAP-t that cause FTDP-
17.[52] Over the years since this discovery, a number
of other families have been described that segregated
the FTD phenotype with strong linkage to the chromo-
somal region of MAPT, but they did not harbor muta-
tions within MAPT.[85,86] Moreover, postmortem
analysis of these brains revealed ubiquitin-positive
neuronal inclusions, rather than the MAP-t-positive
neuronal inclusions seen in those with MAPT muta-
tions.[85–89] These data suggested the presence of
another FTD-associated gene in the vicinity of MAPT,
and subsequent positional cloning led to the discovery
of pathogenic mutations within the progranulin gene.
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The gene PGRN encodes progranulin a 593 amino
acid residue protein that is, cysteine rich and secreted
by cells (reviewed by He and Bateman [90]). The
sequence contains 7.5 “granulin” repeats each forming
a stacked b-hairpin structure reminiscent of epidermal
growth factor.[91] Proteolytic fragments of the full-
length progranulin protein, called “granulins,” were
first purified from inflammatory exudates, and, there-
fore, progranulin has been implicated in wound
repair as well as in angiogenesis and cancer.[92] Pro-
granulin is produced throughout the developing
brain, among other tissues, but little is known about
the function of the protein.[93] One study showed
that progranulin is upregulated in the hypothalamus
of rats as a result of androgen exposure during
the perinatal period, and that this expression may
be important for the development of male mating
behavior.[94,95]

Researchers at the Mayo Clinic have sequenced
PGRN in all 378 cases of FTLD in their cohort.[96]
This analysis has revealed that 10% have mutations
affecting progranulin, including 23% of those with
positive family histories for dementia. The average
age of onset was 59 years and the average age of death
was 65 years; however, there is significant variability
in both. Presentation was with primary language
dysfunction in 24%, a number that is twice that of
all other FTLD cases within their cohort.[96]

Further clinical descriptions of these patients with
PGRN mutations have been sparse, although they
have presented with the clinical syndromes of FTD,
PNFA [97] and corticobasal syndrome.[98] A number
of cases independently described by groups led by
Mesulam and Neary have qualified for diagnoses of
primary progressive aphasia.[97,99,100] Many of
these cases do not meet criteria for PNFA or SD and
may represent overlap between the two or a new
clinical syndrome altogether. Pathologic studies have
shown that patients with FTLD with mutations
affecting progranulin harbor ubiquitin-containing
neuronal intranuclear inclusions within the cortex
that are not found in sporadic cases of FTLD.[101]
Lee and colleagues have since found that these neur-
onal inclusions in both progranulin-mediated and
sporadic FTD are filled with TDP-43.[102] Chapter 4
has a more extensive discussion of TDP-43 in the
pathogenesis of FTLD.

More than 30 different mutations have now
been described within PGRN. Most of them insert a
premature stop codon within the message, forming
a so-called “nonsense” mutation. Interestingly, these

mRNAs with premature stop codons are degraded
very shortly after transcription through the process
of nonsense-mediated decay, and, therefore, these
mutations behave genetically as null alleles. Because
of this, the autosomal dominant inheritance pattern
seen in these families is mediated through the unusual
mechanism of “haplo-insufficiency,” or the inability
of a carrier to avoid the FTD phenotype with 50% of
normal progranulin activity. This unusual mechan-
ism of inheritance offers the tantalizing prospect that
exogenous replacement of progranulin activity in
gene carriers or those with FTD may be an effective
preventative measure or treatment. More recently,
missense progranulin variants have also been described
within patients with FTD, but the molecular mechan-
ism of their disease pathogenesis awaits further
research.[103]

Parkinsonian syndromes
Synucleinopathies
Dementia with Lewy bodies (DLB) is a common and
important cause of cognitive impairment. Unfortu-
nately, because of substantial clinical and pathological
overlap with AD and Parkinson's disease (PD) with
dementia, genetic studies of DLB have not been plenti-
ful. Many families harbor a genetic syndrome that may
express itself as dementia in one member and a move-
ment disorder in another. This phenotypic heterogen-
eity, along with the pathological similarity between
DLB and PD, suggests that these entities have related
molecular and genetic risk factors. Chapter 2 has an
extensive discussion of the clinical features of DLB.

The genetic analysis of these diseases began in the
1990s with the discovery of the large Italian and
American “Contursi” kindred and three ancestral
Greek families that harbored an autosomal dominant
form of early-onset PD. In 1996, Robert Nussbaum
and colleagues mapped a mutation in these families to
chromosome 4q21–23 [104] and in 1997, a causative
mutation was found in the gene encoding a-synuclein
(SNCA).[105] Alpha-synuclein is a 140 amino acid
residue protein localized to the synapse but of
unknown function.[106] The causative mutation in
the Contursi kindred (A53T) initiates a disease with
an early average age of onset at 46 years and an
estimated phenotypic penetrance of 85%.[105] The
clinical phenotype is variable. Patients often present
with a typical parkinsonian movement disorder, an
early-onset dementia or a mixture of the two. More
recently, two other mutations (leading to A30P and
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E46K) have been found in a German and a Spanish
family, respectively.[107,108] Finally, a-synuclein was
subsequently found to be the major component of the
characteristic pathological signature of PD and DLB,
the Lewy body, cementing its importance in the
pathogenesis of both syndromes.[109]

Mutations in SNCA do not cause disease by dis-
rupting the normal function of the protein. It is not
required for animal viability, as mice engineered to
have no SNCA gene activity develop normally despite
mild neurotransmission deficits.[110] Instead, two
lines of evidence suggest that SNCA gain-of-function
may be more important for disease pathogenesis.
First, increasing SNCA gene dosage can cause PD/
DLB. The Iowa kindred, where members are affected
in their thirties with either parkinsonism or DLB, was
found in 2003 to harbor a triplication of the SNCA
locus.[111] Since this discovery, other families have
been found to harbor duplications of this locus,
[112,113] and increasing copy number of the SNCA
has been found to be associated with decreasing age of
onset of disease. Second, polymorphisms in dinucleo-
tide repeats within upstream transcriptional enhancer
elements affect the efficiency of SNCA expression.
[114] A case–control study of over 2000 patients with
idiopathic PD and controls demonstrated that one
particular allele (263 base pairs) of the REP1 dinucleo-
tide repeat was associated with the PD phenotype with
an odds ratio of 1.43.[115]

The initial work on a-synuclein has led to the
discovery of a number of other genes that cause
autosomal dominant and recessive PD. Most of these
gene mutations are rare causes of PD: parkin, PINK1,
UCHL-1 and DJ-1.[116–119] The discovery of these
genes has highlighted the profound importance of the
ubiquitin–proteasome system as well as mitochon-
drial function in the pathogenesis of PD. A sixth gene,
which encodes leucine-rich repeat kinase 2 (LRRK2)
or “dardarin,” is the most common genetic cause of
PD yet identified.

In 2004, two groups isolated causative mutations
in the gene LRRK2 through work with a number of
British, American, German–Canadian and Basque
families.[120,121] Pathological studies on these fami-
lies have shown striking neuropathological hetero-
geneity, with some cases harboring classic Lewy
bodies, others with MAP-t-positive neurofibrillary
tangles, and others with neither of these distinctive
lesions.[121–123] A recent worldwide study has shown
that six specific autosomal dominant missense muta-
tions in LRRK2 are robustly associated with disease:

giving changes G2019S, R1441G, R1441C, R1441H,
I2020T and Y1699C.[124] The single most common
mutant, G2019S, accounts for 1% of all sporadic PD
and 4% of all hereditary cases.[124] Clinically, age of
onset is variable with an average of 58.1 years and
a distribution very similar to idiopathic PD.[124]
Mutations are seen only rarely in unaffected individ-
uals, although they are quite common in affected
individuals with Ashkenazi Jewish, North African
Arab or Portuguese heritage.[124]

The gene LRRK2 encodes a large multidomain
protein with 2482–2527 residues. Its domains include
a leucine-rich repeat, a small GTPase, a kinase and a
WD-40 domain, all of which are common modular
domains in known signal transduction cascades.
Mutations have been found causing changes scattered
throughout the LRRK2 protein and associated with
the PD phenotype; however, there is some evidence
to suggest that both GTPase and kinase activities
are important for disease pathogenesis. The most
common mutation worldwide is a missense mutation
affecting the LRRK2's kinase domain (G2019S) that
significantly increases the kinase activity.[125] Another
common mutation has recently been found to decrease
LRRK2's GTPase activity as well as increase the kinase
activity (R1441C).[125,126] The mechanism by which
these biochemical perturbations cause striatonigral
degeneration and Lewy body formation may be
important for the development of effective pharmaco-
logic interventions over the next several years.

Tauopathies
The clinical entities of PSP and corticobasal degener-
ation (CBD) are parkinsonian syndromes that are
often confused with idiopathic PD as well as each
other. The clinical presentation of PSP remains rela-
tively specific for PSP neuropathology, but the clinical
“corticobasal syndrome” can be caused by underlying
CBD, PSP, TDP-43, AD and Creutzfeldt–Jakob dis-
ease (CJD) pathologies among others. This pathologic
heterogeneity has hampered genetic studies of both
of these diseases, but it may not reflect molecular
heterogeneity as both PSP and CBD pathologies
involve abnormal accumulation of MAP-t. In fact, an
informative family has been described where a corti-
cobasal syndrome is inherited in an autosomal dom-
inant fashion, but where two siblings at autopsy had
either PSP or CBD pathology.[127] The underlying
mutation in this family has not yet been described.
Chapter 20 has an extensive discussion of these clin-
ical and pathological entities.
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In 1999, Michael Hutton and colleagues described
two extended haplotypes (H1 and H2) of linked poly-
morphisms that cover over 100 kilobases of the
MAPT.[128] The H1 homozygotes account for 63%
of Caucasian-Americans, while heterozygotes account
for 31% and H2 homozygotes account for 6%. They
proposed that either recombination was suppressed
across this gene, or that recombinant genes have an
evolutionary selective disadvantage. Interestingly, in a
genetic study of 64 unrelated patients with PSP, they
found that H1 homozygotes accounted for 87.5% and
heterozygotes were found in 12.5%. That no patients
with PSP in their cohort carried two H2 haplotypes
solidified the association between PSP and the H1
haplotype. This suggests that the H1 haplotype may
be necessary for the development of PSP, but that it is
not sufficient as the vast majority of H1 homozygotes
in the population never develop disease.

More recently, a small number of individuals with
PSP and CBD have been found to harbor missense
mutations within MAPT. The first mutation affects a
functionally important and conserved residue near
the N-terminus of the protein (R5L), but it has not
been shown to segregate with the disease in familial
cases.[62] The second (G303V) segregates with dis-
ease in one family, and it alters the splicing of MAPT
exon 10, leading to the overproduction of 4R MAP-t
compared with 3R.[63] A clinical syndrome most
consistent with FTD but pathologically consistent
with CBD was found to harbor a seemingly silent
N296N mutation that also causes disease by increas-
ing the production of 4R MAP-t in the brain.[129]
Finally, a sporadic case of corticobasal syndrome was
recently found to harbor a G389R change with MAP-t.
[61] These data taken together suggest that increased
ratios of 4R/3R MAP-t may be sufficient to cause
abnormal MAP-t accumulation as well as clinical
neurodegenerative disease.

Prion diseases
Creutzfeldt–Jakob disease is the prototypic human
prion disease, first described by Jakob in 1921. Although
it is extremely rare, it is notable for its rapidity of
progression, usually over a few months, and its unusual
pathogenesis, which has been eloquently described in
efforts led by Stanley Prusiner. Definitive diagnosis
can only be made by neuropathology, but a probable
diagnosis currently depends on satisfaction of World
Health Organization criteria including dementia,
myoclonus, electroencephalographic findings and

14-3-3 protein. Chapter 23 has an extensive clinical
description of CJD and related disorders.

Many early cases of CJD were known to be famil-
ial, some in an autosomal dominant mode of inherit-
ance, but this did not aid in the understanding of CJD
pathogenesis until relatively recently. A Herculean
research effort on CJD and a related prion disease
of the Fore people from Papua-New Guinea led by
Carleton Gajdusek showed that these “spongiform
encephalopathies” were transmissible to laboratory
animals through inoculation and to other people
through cannibalism.[130,131] Gajdusek and col-
leagues later went on to show that even familial cases
of CJD were transmissible to non-human primates,
[132] marking the first example of a disease that is
simultaneously inherited and infectious. The patho-
genesis of familial and transmissible spongiform
encephalopathies (TSEs) was presumed to be caused
by a “slow virus” by Gajdusek and others for many
years. However in 1982, Stanley Prusiner and col-
leagues isolated a protein that accumulates in hamster
brains infected with scrapie, a TSE found in sheep
that is pathologically similar to CJD.[133] The identi-
fication of the prion protein (PrP) as the infectious
agent in all TSEs including CJD has provided a
unique but controversial molecular basis for the
pathogenesis of these slow and non-inflammatory
infections.[134] Molecular genetic studies confirmed
the importance of PrP in the pathogenesis of the TSEs
through the isolation of mutations in the human gene
for PrP (PRNP) in families with CJD, the related
Gerstmann–Straussler–Scheinker disease (GSS) and
fatal familial insomnia (FFI).[135–138] Chapter 22
has an extensive discussion of these different prion
disease phenotypes.

The PRNP gene is located on human chromosome
20p12. It comprises two exons with the entire open
reading frame within exon 2. The protein product
consists of 253 amino acid residues and is widely
expressed in the nervous system, but its normal func-
tion is unknown. The protein's N-terminal domain
centers around a repeated sequence consisting of a
nine-mer peptide immediately followed by four iden-
tical octapeptide repeats. The C-terminal domain
contains two glycosylation sites and is relatively
unstructured. It has been reasonably postulated that
pathogenic mutations in PRNP promote disease by
destabilizing the native PrPc (cellular) conformer in
favor of the disease-causing PrPSc (scrapie) version.
While this may be the case for some mutations,[139]
other mutations may promote PrPSc formation by
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perturbing molecular interactions between PrP and
other proteins.[140,141]

There are a handful of common polymorphisms
that have been found throughout PRNP, and two
of these polymorphisms have been proposed to influ-
ence disease phenotype in all categories of prion dis-
ease. In the Caucasian population of North America
and Europe, most people carry at least one allele of
PRNP, coding for methionine at codon 129 (129M):
43% MM homozygotes and 49% MV heterozygotes.
Homozygotes for valine at codon 129 (129V) are rare
(8%).[142] These ratios vary from population to
population, with much lower frequencies of 129V
in China and Japan and much higher frequencies in
Papua-New Guinea and in some Native American
groups. A second polymorphism involves either a
common glutamine or a rare lysine at codon 219
(E219K) in Japanese populations.[143]

More than 50 unique PRNP mutations have been
described in families harboring autosomal dominant
prion disease. These mutations fall into four major
categories: missense point mutations that cause
amino acid substitutions; nonsense point mutations
that cause premature protein termination; insertion
of additional octapeptide repeats; and, most rarely,
deletion of octapeptide repeats. The first mutation
reported by Prusiner and colleagues in 1989 produces
P102L and causes the GSS phenotype with a median
age of onset of 50 and disease duration of approxi-
mately 4 years.[135] The most common mutation
(causing E200K) was first described in a large cluster
of Libyan and Tunisian Jews where the incidence of
CJD is 100 times higher than the worldwide baseline.
The disease phenotype resembles sporadic CJD, with
a mean age of onset of 58 years and a mean duration
of disease of 6 months.[144,145] The D178N change
causes disease with either CJD or FFI phenotypes
beginning at an average age of 50 with disease lasting
an average duration of 11 months.[146] Finally, inser-
tional mutations within the octapeptide repeat
domain of PrP with at least four additional repeats
can also cause clinical CJD.[147]

There is significant variability in the phenotypic
expression of all PRNPmutations, but the mechanism
of this variability remains unclear. For instance,
patients with the mutation leading to E200K can have
extremely atypical presentations, with peripheral
neuropathy or PSP.[148] The age of disease onset
with any of these mutations can span from the third
decade to the eighth decade of life, and even some
asymptomatic carriers have been found as well.[146]

The duration of disease can be as short as a few
months but as long as 17 years with the same PRNP
mutations. However, some of the phenotypic variabil-
ity has been found to be associated with certain
molecular changes in the PrP protein. Subjects with
less than four octapeptide insertions tend to have a
CJD phenotype and a low penetrance of disease,
whereas subjects with greater than four tend to have
a GSS phenotype with high penetrance.[149]

Perhaps the greatest known influence on the vari-
able expressivity of all prion disease is a polymorph-
ism at codon 129 (M129V). Because of this influence,
genetic prion disorders are often categorized by
the molecular haplotype, which includes both the
primary mutation (i.e. D178N) as well as any modify-
ing polymorphisms (i.e. 129M versus 129V). For
instance, patients carrying D178N can present with
either CJD or FFI phenotypes. The particular pheno-
type is strongly associated with a particular allelic
variation in codon 129 acting genetically in cis to
the D178N mutation. D178N coupled with 129V is
associated with the CJD phenotype while D178N
coupled with 129M is associated with the FFI pheno-
type.[137] In other instances, this polymorphism may
have an effect on the age of onset of prion disease.
Kuru, the acquired form of prion disease of the Fore
people of Papua-New Guinea, has an earlier and more
aggressive course in the context of MM and VV
homozygosity.[150,151] Sporadic CJD is also affected
by the M129V polymorphism, where disease is also
associated with MM and VV homozygosity.[152] The
most striking effect of this polymorphism, however,
occurs in patients with variant CJD, where every case
of variant CJD that has been tested has been MM
homozygous at codon 129.[153] Unfortunately, the
mechanism by which these subtle amino acid substi-
tutions affect prion disease pathogenesis remains to
be determined.

Huntington's disease
It was clear from George Huntington's initial descrip-
tion in 1872 that HD was hereditary. In retrospect,
his presentation perfectly described an autosomal
dominant inheritance pattern, decades before the
scientific community's “rediscovery” of Gregor
Mendel's original research on genetics: “When either
or both the parents have shown manifestation of
the disease . . . one or more of the offspring almost
invariably suffer from the disease, if they live to
adult age. But if by any chance these children go
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through life without it, the thread is broken and the
grandchildren and great-grandchildren of the original
shakers may rest assured that they are free from the
disease.” Work by a number of physicians over the
next several decades firmly established Huntington's
disease as a Mendelian disorder.

Because HD was so obviously genetic in origin,
it was an early target for disease gene hunters in the
1970s and 1980s. James Gusella and colleagues estab-
lished genetic linkage between the HD phenotype
and a marker called G8 on the short arm of chromo-
some 4 in 1983.[1] But despite this early triumph
and the collaborative efforts of six laboratories in the
USA and UK (called the Huntington's Disease Collab-
orative Research Group), 10 more years elapsed before
the discovery of the specific gene mutation.[154]
The IT15 gene contains 67 exons and encodes a protein
with a predicted weight of 348 kDa named hunting-
tin. The causative mutation is trinucleotide repeat
expansion (CAG) within exon 1 of IT15. These
CAG repeats are transcribed and translated into a
long run of tandem glutamine residues within the
protein, termed “polyglutamine repeats.” Normal
alleles usually give rise to 16 repeats, but they fall
along a Gaussian distribution with an upper limit of
35 repeats. Pathogenic, or “expanded” alleles give
rise to a range from 36 repeats to over 100, with
most alleles producing between 40 and 50 CAGs.
[155] There is a small range where the disease is
possible but phenotypic penetrance is less than
100% (36–39 repeats).[156]

The discovery of a trinucleotide repeat expansion
as the molecular cause of HD has provided new
insights into certain peculiarities of HD genetics from
the pre-molecular era. Nearly 40 years ago, it was
found that the vast majority of those with juvenile
HD inherited it from a father and not a mother.[157]
Researchers also established that this disease, like
myotonic dystrophy, develops earlier and more
severely in successive generations, a genetic phenom-
enon called “anticipation”.[158] These unusual genetic
features now have a clear molecular basis determined
by the size of pathogenic trinucleotide repeat. First,
there is a strong inverse correlation between the
number of CAG repeats and the age of disease onset.
[159–161] In other words, higher repeat numbers are
associated with younger age of onset. Families with HD
that clinically exhibited anticipation were found to
have increasing numbers of CAG repeats in successive
generations.[159,160,162] Finally, while both male
and female meioses are associated with repeat-length

instability, only paternal transmission tends to cause
net repeat expansion in the next generation.[162]
In other words, male, but not female, gametogenesis
tends to cause expansion of the repeats, thus increas-
ing the likelihood of intergenerational worsening of
disease severity.

Huntingtin is a ubiquitously expressed protein
found with high levels in the brain.[163,164] Mouse
studies have shown that it is essential for organismal
survival, but loss-of-functionmutations cause an embry-
onic developmental phenotype that does not resemble
HD.[165–167] Instead, because overexpression of
mutant huntingtin in mice causes motor dysfunction,
behavioral abnormalities and neurodegeneration, it is
generally accepted that the pathogenically expanded
polyglutamine tract in the context of the huntingtin
protein causes a toxic gain of function.[168–171]

The biochemical and cellular mechanisms by
which mutant huntingtin causes neurodegeneration,
however, continues to be hotly debated. The polyglu-
tamine tract clearly is a critical factor in the neurode-
generation seen in HD brains, but the protein context
for the polyglutamine tract is also likely to be import-
ant for disease pathogenesis. This is because the
different polyglutamine diseases (HD, spinobulbar
muscular atrophy, dentatorubropallidoluysian atrophy,
etc.) are all neurodegenerative, but in distinctively dif-
ferent patterns within the nervous system. The most
influential theory of molecular pathogenesis over the
last decade invokes the tendency of mutant huntingtin
to form insoluble protein aggregates within neurons,
often seen pathologically as nuclear inclusions, as the
“toxic” form of the mutant protein. The extensive
evidence in favor of this theory is beyond the scope
of this chapter, but most of this evidence is circum-
stantial. A smaller number of studies have argued
that these inclusions may, instead, be protective. More
recent automated microscopy studies have shown
that inclusion body formation within cultured neurons
predicts cell survival, while intracellular mutant
huntingtin levels predict cell death.[172] This is instead
consistent with a model where mutant huntingtin
aggregates are part of a cellular coping mechanism
operating against huntingtin toxicity.[172,173]

Future of neurogenetics
There is no argument over the profound impact that
traditional Mendelian genetic analysis has had on our
understanding of the dementia syndromes. Unbiased
genetic analyses of familial FAD, FTD, PD, CJD and
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HD have confirmed the biological importance of the
abnormally accumulated proteins found in the brains
of patients with these diseases (APP, MAP-t, a-synu-
clein, PrP, and huntingtin, respectively). Despite these
amazing achievements, however, the question always
remains whether the study of rare, early-onset, genetic
forms of dementia is truly informative about the
pathogenesis of common, late-onset, sporadic forms
of dementia. In a nutshell, is the knowledge we are
gaining about genetic dementia relevant to the study of
sporadic dementia? Are these really the same diseases?

Sporadic dementia is, in fact, not completely spor-
adic. As we discussed earlier, ApoE4 is an important
genetic risk factor for late-onset AD. Therefore, spor-
adic dementia must result from a combination of
genetic risk and protective factors interacting with
environment, a non-Mendelian form of inheritance
termed “complex genetics.” The molecular dissection
of complex genetic disorders has been beyond the
scope of neurogenetics research until the completion
of the Human Genome Project in 2004.[174] Data
from this project as well as the more recent Inter-
national Hap Map Project have provided the scientific
community with a map of the millions of molecular
genetic “markers” that span the human genome in the
form of single nucleotide polymorphisms (SNPs).
[175] These “common” genetic variants represent
the small genetic differences between individuals of
our species, including perhaps our individual suscep-
tibilities to complex genetic diseases. This idea that
common diseases are in part caused by common
genetic variants is termed the “common disease
common variant (CDCV) hypothesis”.[2]

The availability of millions of informative SNPs
along with automated DNA microarray technology,
has presented the scientific community with the
opportunity to test this CDCV hypothesis. Whole
genome association studies have now been initiated
to search for genetic risk and protective factors for
a number of sporadic dementias. These studies com-
pare allelic frequencies in 105–106 SNPs between
patients with dementia and age-matched controls.
One recent study used this method to confirm the
status of the ApoE4 allele as the most powerful genetic
risk factor for late-onset AD,[176] but few other
studies have yet provided us with any reproducible
new risk factors. The reasons are still unclear but
may include the statistical problem of multiple
comparisons, genetic interactions between multiple
risk factors, genetic heterogeneity, gene–environment
interactions, and, of course, the possibility that the

CDCV hypothesis is incorrect. What is clear is that
the “old, reliable” Mendelian approach to genetic
disease continues to provide us with new theories on
the biological basis of dementia while the kinks are
being worked out on the “new fangled” whole genome
approach.
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Chapter

4 Frontotemporal dementia

Indre V. Viskontas and Bruce L. Miller

Introduction
With “baby boomers” now reaching late middle age,
degenerative diseases are becoming an increasingly
important national health issue. One such disorder,
frontotemporal lobar degeneration (FTLD), is parti-
cularly devastating to patients and their families, as
symptoms include changes in behavior and the ero-
sion of personal relationships, often during the earli-
est stages. These disease features place great demands
on caregivers and the society at large. Understanding
the disease and its complexities, and educating the
general public with respect to the course and causes
of FTLD, is, therefore, acutely important.

The condition typically presents in patients who
are between 45 and 65 years of age, and is at least as
likely as early-onset Alzheimer's disease (AD) with a
prevalence of approximately 15 per 100 000 popula-
tion between 45 and 64 years of age.1 Knopman and
colleagues2 have shown that FTLD is more common
than AD in patients under the age of 60 years, while
other authors suggest that FTLD-spectrum disorders
account for up to 20% of all patients with degenera-
tive dementias.3,4 Genetics remain the only known
etiology for FTLD, accounting for up to 40% of all
cases, although large epidemiology studies investigat-
ing other risk factors have yet to be undertaken.

Frontotemporal lobar degeneration encapsulates
a heterogeneous group of clinical and pathological
syndromes and can begin with behavioral, cognitive,
language or motor signs and symptoms. Although
both the frontal and temporal brain regions are
involved in nearly all cases, there is significant variabil-
ity as to whether the left or right frontal or temporal
lobe is the most severe and earliest site of involvement.
Perhaps the most widely accepted classification system
divides FTLD into three (or four) subtypes: behavioral

or frontal-variant frontotemporal dementia (bv-FTD;
sometimes simply called FTD); the temporal variant
(tv-FTD), or semantic dementia (SD); and a left
frontal and insular predominant degeneration called
progressive non-fluent aphasia (PNFA). The temporal
variant can begin on the right side and when it does
deficits in emotion predominate. In contrast, when
the disease begins on the left side, patients show a
loss of word meaning and conceptual knowledge.
The main symptoms of each of these subtypes are
listed in Table 4.1. While the subtype classification is
based primarily on presenting symptoms, recent find-
ings suggest that bv-FTD, tv-FTD (right and left) and
PNFA differ in prevalence, age of onset, sex distri-
butions, genetic susceptibilities, co-associations with
other degenerative conditions and neuropathological
features. Therefore, we continue to use this somewhat
bulky and imperfect nomenclature system, until a
more effective and accurate classification system can
be devised.

A brief history of frontotemporal
lobar degeneration
Arnold Pick first described a set of symptoms
resulting from focal temporal atrophy that are now
ascribed to FTLD.5 While most of Pick's original cases
had focal temporal atrophy and would now be classi-
fied as having SD, he also described patients with
focal frontal disease. His early work was supple-
mented by Alois Alzheimer, who noted that intra-
neuronal inclusions were seen upon pathological
investigation of such patients.6 Pick emphasized that
language loss was typical of his temporal lobe cases
and he was particularly interested in showing that
degenerative disorders could be associated with highly
focal clinical syndromes. Even though cases of FTLD
were described early in the twentieth century, patients
with FTLD were largely ignored in the literature
throughout most of the century, with the exception
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of studies from Constantinidis and Sjögren. In the
1980s, investigators in Manchester, England, and Lund,
Sweden, rekindled studies into Pick's disease and began
to carefully study non-Alzheimer patients who suffered
from focal degenerative disorders of the frontal and
anterior temporal lobes.7,8 At the same time, patients
with asymmetrical degeneration of the left hemisphere
were described as having a syndrome for which
the term “primary progressive aphasia” was coined.
In both the symmetrical cases described as “FTD” and
the asymmetrical left-sided cases characterized as
primary progressive aphasia, non-AD, Pick-like path-
ology was often found.

With the technical advances in neuroimaging in
the late 1980s and early 1990s, patients with atrophy
of the frontal and anterior temporal lobes, in conjunc-
tion with non-Alzheimer pathology, were found more
easily; in approximately 80% of these cases, classical
Pick bodies were not found,4,9,10 leading Arne Brun
to coin the term “frontal lobe dementia of the non-
Alzheimer-type,” emphasizing that Pick's disease was
not an invariable feature. By the early 1990s, many
cases were reported in the USA.11,12 As similarities
between the language and behavioral syndromes
were observed at a pathological level, FTLD was used
to capture this constellation of patients with focal

frontotemporal clinical syndromes that were thought
to be associated with non-Alzheimer pathology.

Further complicating efforts for a streamlined
nomenclature syndrome, the overlap between FTLD
and motor disorders became apparent. Approxi-
mately 15% of all those with FTD show concurrent
or developed motor neuron disease (FTD-MND).
Conversely, many, if not the majority of patients with
amyotrophic lateral sclerosis (ALS), show frontal-
executive or behavioral disorders and approximately
one-half of patients with FTLD and nearly all with
ALS show inclusions with ubiquitinated TAR DNA-
binding protein (TDP-43). In addition, linking FTLD
to atypical parkinsonian syndromes, there is signifi-
cant and simultaneous degeneration of basal ganglia
structures in FTLD populations, which often leads
to the co-expression of parkinsonian features within
all of the FTLD subtypes. In the case of PNFA, most
patients demonstrate corticobasal degeneration (CBD)
or progressive supranuclear palsy (PSP) at autopsy.

Diagnosing frontotemporal lobar
degeneration dementia
It can be problematic to diagnose FTLD with clinical
accuracy, and in some instances FTLD is difficult to

Table 4.1. Variants of frontotemporal lobar degeneration and their affected brain regions

Subtype and
anatomy

Behavioral
features

Cognitive features Motor features Neuropathology
and genetics

Progressive non-fluent
aphasia (PNFA): left
frontoinsular, basal
ganglia

Later in the course,
apathy and
sometimes
disinhibition

Non-fluent, apraxia of
speech, frontal executive;
episodic memory,
drawing relatively spared

Overlap with PSP,
CBD; asymmetric
PD, alien hand,
supranuclear gaze
disturbance

Tau with CBD or PSP the
expected pathology subtypes;
some PGRN mutations present
as PNFA, but most cases of PNFA
are not familial

Frontotemporal
dementia: right> left
frontoinsular, anterior
temporal

Disinhibition, lost
sympathy/empathy,
compulsions,
apathy, poor
judgement

Poor generation,
inhibition and set-
shifting; episodic
memory, drawing
relatively spared

ALS or parkinsonism
are very common

Equally divided between tau and
TDP-43; when ALS emerges
almost always TDP-43; consider
mutations affecting tau or PGRN

Left temporal variant:
left> right anterior
temporal, insula,
amygdala

Semantic dementia;
poor word finding,
depression

Semantic anomia/
paraphasias; verbal
episodic memory
problems; visual skills
spared, can be enhanced

Usually spared
till later; ALS
uncommon

Usually TDP-43; also, Pick bodies
seen; can be associated with
PGRN mutations; Alzheimer
pathology in 20%

Right temporal variant:
right> left anterior
temporal, insula,
amygdala

Loss of empathy,
depression, poor
facial recognition,
atypical depressive
features

Poor recognition of
familiar faces and facial
emotions; some
obsessed with words

Usually spared
till later. ALS
uncommon

Usually TDP-43 but Pick
pathology can occur; Alzheimer
pathology in 20%; consider
PGRN mutations

Notes:
ALS, amyotrophic lateral sclerosis; CBD, corticobasal degeneration; PD, Parkinson's disease; PGRN, gene for progranulin; PSP, progressive
supranuclear palsy; TDP, TAR DNA-binding protein.
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distinguish from AD. Both AD and FTLD have insidi-
ous onset, produce a progressive dementia syndrome
that can include memory deficits, executive dysfunc-
tion and language impairment, and cause alterations
in behavior that can make the two disorders difficult
to differentiate antemortem.13

While definitive differential diagnosis of FTLD and
AD can only be made with pathology, great strides in
accuracy of antemortem diagnosis have been made.
For instance, in patients with early AD, atrophy and
dysfunction is most commonly seen in the medial
temporal lobes, leading to episodic memory deficits,
and an inability to learn new information.14 As the
disease progresses and the atrophy spreads to the
frontal, parietal and even occipital lobes, other cogni-
tive, social, emotional and even perceptual impair-
ments are observed.15

By contrast, in FTLD, neural degeneration starts
in the frontal and anterior temporal lobes, and early
symptoms include deficits in behavior, executive control
or language function, often coupled with relatively intact
episodic memory.16 Several clinical studies have now
shown that FTLD can be reliably differentiated from
AD during life based upon the characteristic patterns
of decline with these two disorders,17,18 although, even
in specialized clinical centers, approximately 15% of
patients diagnosed with FTLD show AD pathology.

Patients with FTLD show remarkable heterogen-
eity of clinical syndromes and cerebral atrophy pat-
terns within the disease. As discussed above, Neary
et al.19 delineated research criteria to take this hetero-
geneity into account by dividing the disorder into the
three different subtypes: FTD, PNFA and SD. These
three clinical syndromes were differentiated primarily
on the relative degeneration seen in the frontal and
temporal lobes, and the right and left hemispheres.

The FTD subtype presents with asymmetric right
but bilateral frontal involvement. Typically, the disease
begins in the anterior cingulate, orbitofrontal and anter-
ior insular regions of the frontal lobes, areas that modu-
late emotion and behavior. This degeneration leads
to behavioral abnormalities, including disinhibition,
apathy, loss of sympathy or empathy for others, overeat-
ing, and repetitive motor behaviors. As FTD progresses,
dorsolateral prefrontal cortical involvement becomes
apparent and patients begin to exhibit abnormalities in
executive control. We have suggested research criteria
for FTLD subtypes that classify patients into possible
or probable based upon these findings.

Patients with PNFA have selective left frontoinsular
degeneration, and present with agrammatism, hesitant,

non-fluent speech output and speech apraxia. In some
instances, the disorder begins with abnormalities in
speech but not language. When supranuclear gaze
palsy, frequent falls, dysphagia or asymmetric parkin-
sonian signs such as focal dystonia or alien hand are
seen, the association between the PNFA syndrome
and CBD or PSP becomes apparent. However, PSP
or CBD are the expected pathological outcomes for
PNFA, and the presence of parkinsonian features of
both should always be investigated.

In SD, two syndromes emerge: patients with
predominantly left temporal degeneration show a
profound anomia associated with progressive loss of
conceptual knowledge of words, while patients with
predominantly right temporal atrophy show deficits in
empathy and knowledge about the emotions of others.20

As has been discussed, FTLD subtypes overlap
with three other disorders: CBD, PSP and FTD-
MND.21 Corticobasal degeneration is characterized
by the presence of asymmetric parkinsonism with
dystonia, rigidity, limb apraxia and a “useless or
alien” limb.22 At pathology, there are neuronal inclu-
sions with tau present in astrocytes and neurons.23

More than one-half of the patients diagnosed with
CBD pathologically, however, do not show antemor-
tem rigidity or apraxia.24 Traditionally, PSP has been
described as a movement disorder associated with falls,
ophthalmoplegia, axial rigidity and a frontal dementia.
Like CBD, tau inclusions are seen postmortem.25

Recent studies suggest that most patients with PNFA
show PSP or CBD at postmortem.21 Some patients
with FTD also show PSP or CBD, but patients with
SD are only rarely shown to have characteristics of
PSP or CBD as well.26,27

Even in the 1920s, dementia and MND were
observed to be related.28 Several more reports were
published in the 1980s29–33 and a link with FTD was
formally suggested by Neary and colleagues.34 Gener-
ally, patients with FTD-MND show dementia symp-
toms early in the disease, primarily behavioral
changes such as disinhibition. Following the onset of
dementia, these patients begin to show muscular
weakness and wasting of limb muscles. Typically,
patients live approximately 1.4 years from the time
of diagnosis, with the respiratory complications of
bulbar palsy as the cause of death.35,36

Behavioral frontotemporal dementia
The behavioral subtype, also called simply FTD, is
the prototypical FTLD syndrome and accounts for
approximately 56% of all FTLD.36,37 This subtype is
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male predominant by two to one, has the earliest age
of onset (around 58 years at diagnosis), progresses
most rapidly from time of diagnosis (3.4 years from
diagnosis to death), has the highest genetic suscepti-
bility (up to 20% show an autosomal dominant pat-
tern of inheritance) and has a strong association with
ALS. At our University of California at San Francisco
clinic, patients with FTD are equally divided between
those with ubiquitin–TDP-43 and those with tau
inclusions postmortem.

The first symptoms of bv-FTD are generally behav-
ioral. These include alterations in social decorum and
personal regulation, including disinhibition, apathy,
overeating, emotional blunting, personality changes
toward coldness and submissiveness, repetitive motor
behaviors and impairment in judgement and insight.
Along with these behavioral changes, deficits in
executive functioning are seen and patients show
perseverative behaviors and difficulties with planning,
organizing, task switching and generating ideas.
Often, patients do not reach the neurologist even
after they have exhibited profound lapses in financial
or interpersonal judgement, since these behavioral
changes are misconstrued as mid-life issues or psychi-
atric problems. Sadly, unlike in AD, where social
decorum is spared and family and acquaintances
remain sympathetic, in FTD, patients may be resented
by colleagues and family because of their rudeness,
coldness and deficits in social modulation.

Approximately 15% of patients develop ALS, and
extrapyramidal symptoms are also common. Struc-
tural and functional imaging studies typically show
greater abnormalities in the right than the left frontal
regions. The ventral and medial frontal and insular
regions – all paralimbic structures – are affected early
in FTD. Often the atrophy here is evident on the first
visit to the neurologist, and dysfunction in these crit-
ical frontal and anterior temporal regions seems to be
driving the disinhibition, apathy and eating disorder.

Semantic dementia
The SD subtype is a temporally predominant syn-
drome that attacks asymmetrically either the left or
the right temporal lobe and accounts for around 20%
of all patients with FTLD. Patients with SD have a
slightly older age of onset (around 59 years), show the
slowest rate of progression (5.2 years from diagnosis
to death) and are less likely to have an autosomal
dominant pattern of inheritance. Recently, it has been
demonstrated that these patients usually show ubiqui-
tin–TDP-43 inclusions postmortem.36,37

In our experience, left-sided SD is more com-
monly recognized than right-sided SD. These patients
with left-sided SD begin with word-finding difficulty,
often with nouns more than verbs. Category specifi-
city for these naming deficits is common, with knowl-
edge regarding animals lost before tool knowledge.
With SD, the specific layering of meaning that sur-
rounds a given word is lost and patients substitute
specific words for superordinate categories. For
example, an “osprey” may become an “eagle”, then a
“bird”, next an “animal” and finally a “thing” before
the word and concept are lost entirely. As SD pro-
gresses, speech remains fluent but anomia worsens
and patients show trouble not only in naming words
but also in recognizing them. Compulsive interests in
visually appealing objects emerge, sometimes leading
to compulsive card-game playing, coin collecting or
even stealing. As the disease spreads to the right side,
patients begin to have problems recognizing emotions
in others and lose the ability to recognize faces or
people or buildings that they once knew. Eventually
prosopagnosia and multimodality agnosia for objects
develop; even though a patient can see, feel and touch
an item, he/she is unable to conjure up its name or
recognize its function.

Patients with left-sided SD seem to outnumber
those whose SD begins on the right side by approxi-
mately two to one. When the disorder begins on the
right side, psychiatric features predominate, with loss
of empathy for others, atypical depressive features
and inability to recognize emotions in faces being
common features of the disease. While words are lost
first with left-sided SD, familiar face recognition
is lost first when the right side is involved. Left-sided
SD moves to the right temporal lobe followed by
involvement of orbital-frontal cortex and finally
spreads throughout the frontotemporal cortex and
basal ganglia.

Progressive non-fluent aphasia
The PNFA subtype accounts for approximately 25%
of all FTLD, is intermediate in rates of progression
(4.3 years from diagnosis) and genetic propensity, has
a high association with CBD and PSP and most
patients shows tau inclusions postmortem.21

Progressive non-fluent aphasia generally presents
as a disorder with deficits in language or speech.
First symptoms include decreased output for words,
shortened phrase length and deficits in articulation.
The disease is insidious in onset and the patient often
becomes aware of his or her deficits before others
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have noticed any changes. Unlike in SD, the use of
nouns remains intact but deficits in the understand-
ing of grammar are common. Many patients exhibit
speech apraxia: a deficit in articulatory planning
in which the patients are unable to direct speech
musculature to produce sounds in a proper sequence.
Patients are usually able to maintain social decorum
throughout most of the illness, although some
patients do evolve to an FTD syndrome. Motor dis-
orders characteristic of CBD or PSP become common
several years after the onset of PNFA. Some patients
evolve from PNFA to classical CBD or PSP over a
fairly short period of time.

Genetic findings in frontotemporal
lobar degeneration
Estimates of the proportion of FTLD patients with a
family history have ranged from 10% to 50%.3,9,13

Part of this variability results from regional differ-
ences in the prevalence of genetic mutations, but there
is also ample evidence that different FTLD subtypes
show different patterns of inheritance: FTD-MND
and FTD are perhaps the most likely subtypes to show
genetic links suggesting an autosomal dominant pat-
tern, while PNFA and SD are the least likely subtypes
to show dominant patterns of inheritance.39 Yet,
recent studies show that both PNFA and SD can
be caused by mutations in PGRN, which encodes
progranulin.

The first genetic discovery related to the FTLD
syndrome was the finding that mutations of the gene
for the microtubule-associated protein tau (MAPT)
could cause an autosomal dominant FTD syndrome.
The familial forms of FTD that are linked to this gene
are grouped under the classification “frontotemporal
dementia with parkinsonism linked to chromosome
17” (FTDP-17). This form results from mutations
in the exon or intron regions of the tau gene localized
to 17q21–22.40,41 Over 40 distinct pathogenic muta-
tions associated with “toxic gain of function” of the
tau protein have been identified in a large number of
families with FTDP-17.42 The proportion of patients
with specific mutations is highly skewed: three of the
mutations account for more than half of the geneti-
cally characterized cases currently reported in the
literature. These three mutations are the P301L,
associated with the classic FTD phenotype; exon 10
50 splice site þ16, associated with a syndrome that
includes memory or language impairment and par-
kinsonism; and N279K, with features of parkinsonism

and PSP, also called pallidopontonigral degeneration.43

Thus far, those patients with FTDP-17 have shown a
filamentous pathology associated with hyperpho-
sphorylation of the tau protein.

Identical genetic mutations may result in different
phenotypes, and different genetic mutations may
show similar phenotypes. For example, in one family,
a tau mutation resulted in a syndrome diagnosed
as CBD in the father, and as FTD in the son.44 In
addition to mutations on chromosome 17q21–22,
Bird and colleagues45 found that FTD may also be
linked to chromosome 9q21–q22.

Tau mutations
Tau is a protein that binds to and promotes micro-
tubule assembly. In a healthy brain, tau is soluble
and expressed as six major protein isoforms that are
generated by alternative splicing of a single gene on
chromosome 17q21. Inclusion of a 31 amino acid
repeat encoded by exon 10 in the mRNA produces
three isoforms with four microtubule-binding repeats
each (4R tau).46 If the repeat is excluded (exon 10�),
the resulting protein will have only three domains
(3R tau). In healthy brains, the ratio of 3R to 4R is
1:1. Many of the tau mutations that are involved in
FTLD are clustered around exon 10, with the ultimate
result of altering the ratio of 3R to 4R in the brain, or
altering the binding affinity of the protein.47 Tau
mutations may be missense, deletion or silent muta-
tions in the coding region, or intronic mutations.48–50

Generally, these mutations reduce the ability of tau to
interact with microtubules or lead to the abnormal
accumulation of 4R tau, resulting in a build-up of
toxic filaments in the cell body and dendrites, eventu-
ally leading to the death of the cell.43

Most of the genetic mutations in tau are associated
with overproduction of the 4R (longer) form of
tau. Additionally, the H1 haplotype, which is over-
represented in both CBD and PSP, is associated with
overproduction of 4R tau. This finding has led
Hutton and colleagues to suggest that it is the 4R,
not the 3R, form of tau that is pathogenetically linked
to FTLD spectrum disorders where tau is found.49

This mechanism appears to be a classical “toxic gain
of function” where the production of an abnormal
protein or the overproduction of a normal protein
is toxic.

Ubiquitin–TDP-43 genetic findings
The study of tau mutations has dominated genetic
research into FTLD until recently, even though many
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FTD families do not show tau pathology postmortem.
Instead, these patients show ubiquitin-immunoreactive
neuronal cytoplasmic inclusions and lentiformubiquitin-
immunoreactive neuronal intranuclear inclusions
that also stain for TDP-43.51,52 These inclusions are
generally found in layer II of frontal and temporal
neocortex and in the dentate gyrus of the hippocam-
pus.53 Recent reports by Radeamakers and colleagues
and Baker and colleagues54 in families with FTD
conclusively linked to chromosome 17q21, with tau-
negative but ubiquitin-positive inclusions, missense
mutations in the gene for progranulin (PGRN) were
found to be the cause of the disease. Many of the
carriers of PGRN mutations present between the
ages of 40 to 70, although 10% of carriers remain
asymptomatic at the age of 70. Therefore, unlike tau
mutations, with PGRN the clinical expression is
incomplete. Although FTD is the most common type
of presentation, PNFA, SD, CBD and AD presenta-
tions have been seen.

The exact function of progranulin in neurons
remains unknown, although outside of the nervous
system it is involved in wound repair and mediates
inflammation, influencing cell-cycle progression and
cell motility.55 One hypothesis currently gaining popu-
larity is the possibility that this protein has growth
factor activity even in the brain: high levels may be
tumorigenic while low levels appear to cause FTD.

Baker and colleagues56 showed that the mutations
in FTD cause a loss in functional progranulin (haplo-
insufficiency) by creating a null allele. Hence, ubiqui-
tin inclusions show insufficient levels of progranulin.
In contrast to tau mutations where there is toxic gain
of function, with PGRN mutations the abnormality is
caused by a deficiency in the production of sufficient
levels of the protein. Strategies for replacing progra-
nulin or its metabolites are being investigated. Shortly
after the discovery of PGRN mutations, it was found
that the protein TDP-43 was nearly universally bound
to ubiquitin in those with PRGN mutations, in FTD
and SD with ubiquitin inclusions and in the inclu-
sions found in ALS. Hence, these inclusions are now
called TDP-43 positive. To date, there have been no
definitive FTD syndromes associated with TDP-43
mutations although one patient with a polymorphism
affecting TDP-43 associated with FTD-ALS has been
described.

A less common autosomal dominant FTD has also
been observed in association with a mutation in the
valosin-containing protein. In these families the FTD
syndrome is seen in association with inclusion body

myositis, Paget's disease and diabetes. In at least one
family, an autosomal form of FTD has been associ-
ated with mutations in the gene encoding the charged
multivesicular body protein 2B (CHMP2B), which is
involved in endosomal processing of proteins. Still
unaccounted for are the large numbers of patients in
whom familial FTD-MND occurs. As this chapter was
going to press, several groups were close to mapping a
gene on chromosome 9 in FTD-MND.

Pathological findings in
frontotemporal lobar degeneration
Two major types of pathological changes are observed
in FTLD: gross morphological atrophy in the frontal
and anterior temporal lobes, and microscopic
changes, including any or all of the following: gliosis,
inclusion bodies, swollen neurons and microvacuola-
tion. Increasingly, as our understanding of genetic
mutations in FTLD grows, an important distinction
is made upon pathology between tau and ubiquitin
inclusions within neurons or glia.

Gross anatomical changes
In FTLD, gross anatomical changes range from a mild
to a severe decrease in overall brain weight, associated
with focal atrophy of the frontal and temporal lobes.
Symmetric atrophy of the frontal lobes is characteristic
of bv-FTD, while asymmetric atrophy (left > right) is
consistent with PNFA (frontal lobes) and SD (temporal
lobes). Thinning of the cortical ribbon and discolor-
ation of white matter may also be observed. In rarer
cases, atrophymay extend into the parietal lobes, amyg-
dala, hippocampus, insula, thalamus and basal ganglia
(head of the caudate nucleus).57 Ventricular enlarge-
ment is often present, as well as pallor of the substantia
nigra, atrophy of the anterior nerve roots and discolor-
ation of the lateral funiculus in the spinal cord.

Microscopic findings
Despite the origins of the FTLD classification, only a
minority of patients diagnosed with FTLD will show
the classical Pick pattern at autopsy. In classical Pick's
disease, much of the gross atrophy seen at pathology
is a result of a severe and often complete loss of large
pyramidal cells in cortical layer III, and the small
pyramidal and non-pyramidal cells of layer II.9

Pyramidal cells in layer V may also be shrunken.
The most severe loss of synaptic density is found in
the superficial frontal layers. White matter changes
include loss of myelin and axons. Recently, Seeley
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and colleagues58 have suggested that large neurons
found in layer 5b of frontoinsular and anterior cingu-
late cortex, neurons most extensively described by
von Economo, may be the first cells to degenerate in
FTD. The von Economo neurons are found in the
greatest concentration in humans compared with
other great apes and are absent in most other species
with the exception of certain cetaceans. Their large
size and small dendritic tree suggest that they may be
responsible for the quick transmission of signals from
paralimbic into adjacent frontal regions involved with
higher order cognitive processes. More work is needed
to elucidate the role of these neurons in cognition and to
understand why they are selectively vulnerable in FTD.

Remaining neurons also show one of two possible
distinctive histological features: swelling (called “bal-
looned” or Pick cell) and an inclusion within the
perikaryon, most often in layer II (Pick body). Pick
bodies are usually found in limbic (with the greatest
concentration in the amygdala and hippocampus,
including the dentate gyrus), paralimbic and ventral
temporal lobe cortex, but they may also be seen in
anterior frontal and dorsal temporal lobes. Pick bodies
are composed of randomly arranged filaments of tau.

In patients with FTD-MND, a second histological
pattern is observed. Generally, these patients show
loss of large pyramidal cells, microvacuolation and
mild gliosis.53 Substantia nigra is pale, with intense
reactive fibrous astrocytosis. Inclusions are tau nega-
tive but ubiquitin positive and found throughout
the frontal cortex and hippocampus (dentate gyrus).
The hypoglossus nucleus in the brainstem also shows
atrophy. Similarly, in those with ubiquitin-only (tau
and a-synuclein negative) immunoreactive neuronal
changes (ubiquitin inclusion FTD or FTLD-U), TDP-43,
which is normally contained within the nucleus,
seems to leave the nucleus and accumulates in the cell
bodies and neuronal processes.59 TDP-43 has been
identified in sporadic and familial FTLD-U and
ALS, though subtle differences in the TDP-43 variants
may reflect different pathogenic mechanisms in the
different disease subtypes.

In CBD, the brain has ballooned or swollen
neurons similar to those seen in Pick’s disease, but
the neurons do not contain Pick bodies. These bal-
looned neurons may be found throughout the neo-
cortex, but mostly in the superior frontal and parietal
lobes, including primary motor or sensory cortex.
There is also neuronal loss and gliosis in affected
regions, often in the basal ganglia. Finally, astrocytic
plaques that stain with anti-tau antibodies are found

in CBD.60 Tau inclusions in neurons and glia is also
seen in PSP. Neurofibrillary tangles are evident in
cortex and midbrain. Cortical atrophy is relatively mild
while midbrain and brainstem atrophy is evident.61

Diagnosing frontotemporal lobar
degeneration using neuroimaging
With advances in neuroimaging techniques, several
tools have emerged that are fairly effective in differen-
tiating FTLD subtypes from each other and from other
disorders. Bilateral frontal hypoperfusion is observed
in patients with bv-FTD using 99Tc-hexamethylyl-
propyleneamine (HMPAO) single-photon emission
computed tomography (SPECT)12 and 18F-fluoro-
deoxyglucose positron emission tomography (FDG-
PET).62 Furthermore, cortical atrophy in the ventro-
medial frontal cortex, posterior orbitofrontal cortex,
insula, anterior cingulate cortex, right dorsolateral
frontal cortex and left premotor cortex, as seen in
T1-weighted structural magnetic resonance imaging
(MRI) scans, also marks bv-FTD.63 Distinguishing
FTLD from AD, patients with FTLD show faster rates
of frontal atrophy (4.1–4.5% per year) as seen on
longitudinal MRI scans but similar rates of parieto-
occipital atrophy (2.2–2.4% per year) when compared
with patients with AD.64 A promising new approach
for differentiating FTD from AD involves the new
amyloid agent Pittsburgh compound B (PIB). This
compound binds to b-amyloid proteins in living
tissue and may be detected using PET. Since accumu-
lation of b-amyloid is not a marker of FTLD, PIB
imaging may be useful in excluding FTLD from AD.65

Patients with SD, in contrast, show severe, bilat-
eral, but still asymmetric, hypoperfusion in the anter-
ior temporal lobes on HMPAO-SPECT.66 Temporal
lobe atrophy is also clearly seen on structural MRI
scans and SD may be differentiated from AD even by
simple visual inspection.67 Detailed volumetric meas-
ures show that hippocampal atrophy is more severe
in SD than in AD, particularly in the anterior hippo-
campus. Usually the degeneration in SD is asymmetric,
accompanied by more severe atrophy of the amygda-
lae, temporal pole, fusiform and inferolateral temporal
gyri.68 Mummery et al.69 have also shown that FDG-
PET reveals brain activation changes in regions outside
of the temporal lobes, reflecting the disruption that
semantic memory impairments cause in other brain
regions. There have been few efforts to distinguish
PNFA from other subtypes with neuroimaging, but
structural MRI has shown left perisylvian atrophy.70,71
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Treatment and therapy
Unfortunately, as of yet, there are no effective
pharmacological treatments to reverse or halt the
progression of FTLD. Current treatment of patients
with FTLD involves treating specific symptoms and
improving quality of life. Acetylcholinesterase inhibi-
tors developed to improve symptoms of AD do not
seem to be effective in managing symptoms of FTD,
perhaps because the cholinergic neurons in the
nucleus basalis of Meynert are relatively spared in
FTLD. Furthermore, acetylcholinesterase inhibitors
may cause agitation in patients with FTLD and are
particularly dangerous for patients with FTD-MND,
since they may cause increased production of oral
secretions.

Selective serotonin reuptake inhibitors (SSRIs),
in contrast, have shown some success in treating
compulsions and carbohydrate cravings in patients
with FTLD.72 Generally, SSRIs are well tolerated by
patients. Patients who do not respond to SSRIs, and
who show aggressive or delusional behaviors may
benefit from low doses of atypical antipsychotic drugs
such as olanzepine, quetiapine or risperidone. Typical
antipsychotic drugs known to result in extrapyrami-
dal side-effects should be avoided, since those with
FTLD are likely to show parkinsonism. In the only
placebo-controlled study of FTLD, the antidepressant
trazodone was shown to be effective compared with
placebo in controlling behavior.73

Since behavioral changes figure prominently in
the disease, the safety of the patient and those with
whom he/she interacts must be a primary concern.
Removing dangerous items from the home, eliminat-
ing driving later in the disease and educating care-
givers are all methods of preventing injury and
distress. In addition to education, caregivers should
also be provided with support and respite. Depression
in caregivers is common and leads to earlier place-
ment in nursing homes for the patients.74 Speech
therapy for patients with PNFA is often appreciated
by the patient and offers temporary gains that are
eventually overwhelmed by the illness.

Future directions
There remain many challenges in the treatment and
diagnosis of FTLD and related disorders. As FTLD
has finally been recognized as important, relatively
common and distinctive from AD, research into its
causes and treatment has accelerated in recent years.

Furthermore, it is becoming evident that the three
major FTLD subtypes have distinctive demographics,
rates of progression and possibly even etiologies. As
diagnosis has improved, new challenges have
emerged. Even at research centers, many patients
diagnosed with FTLD turn out to have AD upon
pathology, and close to perfect separation of these
two disorders remains a goal of the coming decade.
A further challenge for clinicians, we suspect, is that
in the future diagnoses will separate tau-related FTLD
from ubiquitin-related FTLD, as distinctive therapies
for these subtypes are developed. Whenever therapies
become available, more accurate and earlier diagnosis
of FTLD will be needed.

The recent discovery of the PGRN mutations and
progranulin changes as a cause for FTD has greatly
excited the field. Unlike tau mutations, the progranu-
lin changes may be relatively common, which may
require more widespread screening for these muta-
tions in patients with FTD. Importantly, the potential
for therapy has been stimulated by this finding since
progranulin appears to have growth factor activity.
Other therapeutic approaches are under active study
in animal models of FTLD associated with tau and
valosin mutations. Finally, genes linked to FTD-ALS
will soon be discovered, offering still more hopes and
challenges.
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Chapter

5 Alzheimer's disease

Brandy R. Matthews and Bruce L. Miller

Introduction
While dementia is characterized by a change in
cognition that is sufficient to adversely affect a person's
daily function in the absence of an acute confusional
state or delirium, Alzheimer's disease (AD) more
specifically refers to dementia that is slowly progres-
sive with prominent memory dysfunction occurring
early in the clinical course.[1] Alois Alzheimer
initially described the illness in 1901 with the clinical
case of Auguste D., a 51-year-old woman with cogni-
tive disturbance, disorientation, delusions, aphasia
and behavioral dyscontrol. A postmortem presenta-
tion followed in 1906 and revealed the presenile
dementia to be associated with striking generalized
cortical atrophy and unique neuropathological changes.
In a subsequent 1911 publication, Dr. Alzheimer
described in histological detail the now disease-defining
neurofibrillary tangles (NFT) and neuritic plaques
observed at autopsy, with apparent surprise that the
eponymous “Alzheimer's disease” had already been
suggested in a textbook by Kraepelin in 1910.[2]
Alzheimer's disease now represents the leading cause
of dementia worldwide and is a well-known cause
of death, disability, and financial burden across
cultures.[3–5]

Epidemiology
In 1990, 4 million people in the USA were estimated
to have AD, with an associated projection that this
number would escalate to 14 million by 2050.[6] The
incidence of AD is age related, doubling every 5 years
after the age of 65 years. The prevalence doubles with
the same pattern, rendering the illness relatively
common in the seventh and eighth decades of life.
[7–9] Beyond the age of 85, the annual incidence
of AD is 6–8%,[5] with an associated prevalence in

Western countries of 24–33%. The incidence and
prevalence in developing nations is less well defined,
but it is estimated that 60–70% of people with dementia
live in developing countries, with a disproportionate
number in India, China and other Asian-Pacific
nations.[4] A slightly higher prevalence in women may
reflect gender-specific longevity.[10,11] However, the
source of higher incidence rates in African-Americans
andHispanics remains to be determined.[12,13] Disease
duration from onset varies widely from 2 to 20 years
and influences prevalence rates, with population-based
studies suggesting a median survival of 4–6 years
from diagnosis.[14–16]

Risk modifiers
As clearly demonstrated by epidemiological data,
advancing age is the primary risk factor for the devel-
opment of AD. However, many other environmental
and genetic risk factors have been described and are
considered potential routes for modification of dis-
ease development and course. While AD is considered
an illness of the elderly, recent evidence suggests that
early-life exposures may influence the clinical expres-
sion of the illness.[17] The earliest of these exposures
are genetic influences, which may begin in utero, with
identified mutations and genetic predispositions for
disease development to be considered in a subsequent
section of this chapter. Other early-life contributions
to AD neuropathological changes include head injury,
[18–21] obesity and insulin resistance,[22,23] and
other identified vascular risk factors.[24–27] Risk
modifiers for clinical expression of the disease from
early life also include head circumference and brain
weight as determined through the first decade of
life,[28] general body growth continuing through
the second decade of life,[29,30] and socioeconomic
status, known to be associated with nutritional status
and environmental enrichment.[31–35]

When considering risk factors for AD, it may be
prudent to consider separately risk factors that predict
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pathological changes characteristic of the disease and
those that predict risk for clinical expression of dis-
ease.[17,36] This paradigm reflects current hypoth-
eses of “cognitive reserve,” the seemingly protective
effect of increased formal education in delaying the
onset of AD symptoms, irrespective of neuropatho-
logical changes consistent with the diagnosis of AD.
[37,38] Although previously thought to reflect a bias
in neuropsychological screening tests,[39] prospective
cohort studies confirm that lower educational attain-
ment is associated with a higher risk of developing
AD.[40–42]

Furthermore, subjects with more years of formal
education may decline more rapidly following diagno-
sis of probable AD.[43] These observations, coupled
with discrepancies in AD neuropathological burden
and clinical signs and symptoms in highly educated
subjects, have been deemed supportive of the “cogni-
tive reserve” hypothesis. Such reserve is conceptual-
ized as the ability to engage in alternative cognitive
strategies and enlist parallel brain networks to com-
pensate for deficits resulting from AD pathology.[44]
However, the precision of the model remains some-
what controversial as it is possible that years of
formal education is merely a surrogate for intelli-
gence or IQ, which is known to have a genetic com-
ponent and be predictive for late-life cognitive
performance,[45] or rather, simply to reflect socio-
economic variables.

Recently, less-contentious environmental risk
modifiers encountered in midlife have been con-
sidered in large cohorts, suggesting that regional vari-
ability in diet and exercise may influence the risk of
the development of AD. While there has been the
suggestion that high intake of vitamins C, E, B6, B12

and folate may lead to a lower risk of developing AD,
these results have been inconsistent.[46] Modest to
moderate intake of alcohol has been suggested to
lower the risk of AD,[47–48] while moderate intake
of saturated fats may increase the risk for developing
AD.[50–52] Likewise, a diet high in unsaturated
fat, fish, vegetables, fruits, legumes and cereals, the
so-called “Mediterranean diet,” has been associated
with a reduction in AD risk.[52] Physical exercise
in midlife has also been associated with a reduced
risk for the development of AD, independent of other
risk factors.[53,54] Theoretically, “cognitive exercise”
could also reduce the risk for developing AD;[55,56]
however, this construct has been difficult to dissoci-
ate from education, IQ and other environmental
confounds.[57]

Genetic factors
Family history is the second greatest risk factor for the
development of AD.[58] Twin studies confirm the
role of genetics in the development of the disease,
[59] although the identified Mendelian genetic muta-
tions account for only a small fraction of AD cases,
approximately 5%, with most of these demonstrating
autosomal dominant transmission and disease onset
prior to age 65. Three genes with over 160 different
mutations have been identified and share a common
biochemical pathway that leads to abnormal produc-
tion of b-amyloid, a protein to be discussed further in
descriptions of the pathophysiology of AD (Table 5.1).
The currently identified AD genes include those for
amyloid precursor protein (APP) on chromosome 21,
[60] presenilin 1 (PSEN1) on chromosome 14,[61] and
presenilin 2 (PSEN2) on chromosome 1.[62] The most
common mutation is PSEN1, observed in more than
10% of cases referred for genetic testing [63] and
accounting for the majority of AD cases with onset
prior to age 50.[58]

Down syndrome (trisomy 21) also leads to the devel-
opment of neuropathological changes consistent with
the diagnosis of AD, with such changes demonstrable
by the age of 40 in nearly all patients.[64] Although not
all those with Down syndrome become demented, the
prevalence of dementia in Down syndrome has been
estimated to reach 50% by the sixth decade of life.[65]
Furthermore, there is an increased risk for develop-
ment of AD in mothers of those with Down syndrome
if the mother gave birth before age 35.[66]

Another genetic factor that has been strongly
associated with both familial and sporadic AD is
found on chromosome 19, the allelic variant e4 of
the gene for apolipoprotein E (APOE 4).[67,68] The
exact mechanism by which its protein product, ApoE,

Table 5.1. Alzheimer's disease: identified genetic loci

Chromosome Gene coding
for:

% of those with AD

21 APP <1

14 PS1 1–5

1 PS2 <1

19 APOE 50

11 SORL1 ?

Notes:
AD, Alzheimer's disease; APP, amyloid precursor protein;
PS1, presenilin 1; PS2, presenilin 2; APOE, apolipoprotein E;
SORL1, neuronal sortilin-related receptor.
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involved with cholesterol transport, promotes disease
at the molecular level has remained elusive. However,
the proportion of AD estimated to be related to the
e4 allele is nearly 20%, rendering it the most impor-
tant currently identified genetic contributor to the
development of AD. A single e4 allele increases the
risk of disease two- to three-fold, while a homozygous
presentation (e4/e4) increases the risk by a factor of
five to fifteen.[69,70] It appears that the e4 allele
modifies the age of illness onset [71] by approxi-
mately 10 years per copy.[67]

Using converging evidence from inherited forms
of AD and neuropathological studies, investigators
have recently described a compelling genetic associ-
ation betweenAD and variation in the neuronal sortilin-
related receptor (SORL1) in families with late-onset
AD. Unlike the e4 allele of APOE, there is no single
SORL1 haplotype implicated in the development of
AD, but the gene, found on chromosome 11, was
associated with disease development in several unique
datasets. This receptor is known to be involved in the
processing of APP and also functions as a lipoprotein
receptor, although the exact mechanism of its contri-
bution to the development of AD remains to be more
clearly defined.[72–74]

Pathology
Microscopically, brains of patients with AD demon-
strate neuronal loss and shrinkage of large cortical
neurons. Synaptic loss is considered by many investi-
gators to be the critical pathological change, owing to
its high correlation with dementia severity as assessed
by clinical measures.[75] Such cell loss is reflected
in the generalized cortical atrophy observed in gross
tissue specimens. Sulcal widening and corresponding
gyral atrophy secondary to thinning of the cortical
ribbon, with compensatory ventricular dilatation, is
observed throughout the brain in late stages of the
disease. Typically, there is relative sparing of the occipi-
tal pole and a more obvious dilatation of the temporal
horn of the lateral ventricle owing to preferential
hippocampal and amygdalar atrophy.[75]

Histological hallmarks beyond cell loss include
those initially described by Alzheimer as miliary bodies
and dense tangles of fibrils,[76] now commonly referred
to as senile or neuritic plaques and NFT, respectively.
Other microscopic pathology includes granulovacuolar
degeneration and amyloid angiopathy. The relationship
of these histological changes to the pathogenesis of AD
is under active study.

Neuritic plaques are extracellular structures com-
posed of an amyloid core surrounded by swollen
neuritic processes which stain strongly with silver.
These plaques contain b-amyloid protein, a peptide
of 40–42 amino acid residues that is derived from the
proteolytic cleavage of the large transmembrane APP.
Initially, b-amyloid was thought to be an abnormal
protein; however, subsequent evidence suggests that
it is produced during normal cell metabolism [77] via
the action of two proteases, designated b-secretase
and g-secretase.

While neuritic plaque burden was previously
thought to correlate with disease severity,[78] patho-
logical changes are now hypothesized by some inves-
tigators to be referable to an imbalance in production
and clearance of b-amyloid, particularly the more
toxic oligomers of Ab42.[79] Increased production
of toxic b-amyloid isoforms is implicated in familial
disease with decreased clearance implicated in sporadic
AD.[80] Beta-amyloid 42 contributes to the misfolding
of other b-amyloid isoforms, with soluble b-amyloid
presumed to undergo a conformational change. This
conformational change leads to aggregation as both
insoluble fibrils in plaques, which presumably initiate
an inflammatory cascade and lead to neuronal death,
and soluble oligomers, which have more recently been
implicated in AD symptomatology.[81]

Neurofibrillary tangles are intraneuronal cytoplas-
mic inclusions composed predominantly of hyperpho-
sphorylated tau, a normal axonal protein associated
with microtubule binding.[82] Ubiquitin and neuro-
filament protein make less-prominent contributions
to tangle formation. Like neuritic plaques, NFTs also
represent an abnormal process of aggregation. Select-
ive regional vulnerability to this pathological change
is evidenced early in the disease by a predictable
distribution of NFTs beginning transentorhinally,
with subsequent spread to the hippocampus, amyg-
dalae, and neocortex.[83] The evolution of NFT path-
ology appears to be independent of plaque formation;
yet, the exact relationship of both to disease onset
and progression remains to be further elucidated.
[84] Unlike amyloid plaque burden, NFT formation
appears to correlate well with specific deficits such as
memory loss.[85]

Granuovacuolar degeneration has the appearance of
a small, intraneuronal, cytoplasmic vacuole containing
a single argyrophilic granule and represents an addi-
tional pathological hallmark of AD. Neuropil threads
and amyloid angiopathymay also be observed. Amyloid
angiopathy is characterized by amyloid deposition in
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small and medium-sized leptomeningeal and cortical
arteries, leading to a predisposition for hemorrhage.[86]

In addition to these cellular changes, the most
notable neurochemical alteration associated with AD
is depletion of cortical acetylcholine in association
with cell loss in the nucleus basalis of Meynert, the
basal forebrain structure responsible for the majority
of cortical cholinergic projections.[87] Further neuro-
chemical deficiencies in AD brains have been described
for dopamine, norepinephrine and serotonin.[88–90]

Neuropathological diagnosis
Prompted by the recognition that non-demented
older adults may have neuropathological changes
associated with AD,[91] guidelines for the neuro-
pathological diagnosis of AD have evolved in recent
years. The Khachaturian criteria were proposed in
1985 as a means to provide uniform guidelines for
the diagnosis of AD; these criteria are the most sensi-
tive and least stringent, requiring minimal plaque
densities, which are age adjusted but not region
specific.[92] The Consortium to Establish a Registry
for Alzheimer's Disease (CERAD) was subsequently
established, proposing criteria for definite, probable or
possible AD based on clinical information, age group-
ings and the quantification of neuritic plaques in
specified cortical regions.[93]

In parallel, Braak and Braak [94] provided com-
pelling evidence that quantification of NFTs in trans-
entorhinal cortex, limbic regions and isocortex may
also be relevant to the neuropathological staging and
diagnosis of AD.[94] Most recently, the National
Institute on Aging (NIA)-Reagan criteria were formu-
lated to account for both CERAD neuritic plaque
scores and quantification of NFT pathology by region.
Probable AD, according to NIA-Reagan neuropatho-
logical criteria, requires NFTs in the neocortex and
frequent neuritic plaques. Likewise, a diagnosis of
possible AD requires moderate neuritic plaques and
hippocampal NFTs.[95]

Depending on the neuropathological criteria used
for diagnosis, elderly subjects without symptoms of
dementia may actually possess levels of pathological
change that would be sufficient to diagnose AD.[91]
While such findings are consistent with the observa-
tion that age is the primary risk factor for AD, they
also reflect the need for improving sensitivity and
specificity of clinical criteria for AD diagnosis as a
complement to the expanding biochemical and neu-
ropathological knowledge of the disease.

Clinical diagnosis
Alzheimer's disease is a slowly progressive disorder
with a broad spectrum of symptoms, reflecting the
wide array of cortical regions that may be impacted
by the disease. Insidious in onset, the most common
presenting complaint is episodic memory impair-
ment, often involving names of persons or objects.
Patients frequently describe a relative inability to
recollect recent as compared with remote events.[1]
These complaints reflect involvement of the neuro-
anatomically vulnerable basal forebrain and medial
temporal structures. Additional clinical features like-
wise reflect the characteristic spread of pathology to
involve the posterior cingulate gyrus and the temporal
and parietal cortices.

In the language domain, reduced spontaneous
verbal output often accompanies early memory symp-
toms, but many patients develop increasing anomia
and non-fluency, with prominent word-finding prob-
lems, hesitancy and occasional paraphasic errors.
Grammar and syntax may also become progressively
less complex. Many patients have a period when
comprehension is impaired but repetition is normal,
so-called transcortical sensory aphasia; this, in turn,
progresses to Wernicke's aphasia with poor compre-
hension and repetition. Patients with asymmetric
involvement of the left posterior temporal and par-
ietal regions can show word-finding difficulty, prob-
lems with repetition and anomia – a constellation of
symptoms consistent with logopenic aphasia.[96] In
severe AD, patients may eventually develop global
aphasia or mutism. The speech and language disturb-
ances seen with AD strongly correlate with the sever-
ity of left posterior parietal and temporal lobe disease.

Visuospatial deficits often manifest, with patients
becoming lost or disoriented while navigating. Mis-
placement of personal objects may also reveal a visual
memory deficit. Inability to navigate correlates
strongly with the severity of right posterior hippo-
campal and parietal dysfunction. Owing to the
involvement of the temporal and parietal lobes as
the disease advances, the ventral “what” and dorsal
“where” visual pathways may both be rendered defi-
cient by AD, although the occipitotemporal “what”
network appears to be more often affected.[97] Other
cognitive symptoms such as executive dysfunction
(difficulty planning, sequencing or abstracting), agno-
sia (difficulty recognizing objects) and apraxia (an
inability to perform a learned motor act) occur with
variable frequency in patients with AD, most often
in the moderate to late stages of the illness.
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Equally important, behavioral symptoms are
common in AD and change as the disease progresses.
[98,99] Neuropsychiatric symptoms are reported
in up to 80% of patients with AD.[100] Depression,
apathy and agitation are most commonly noted by
caregivers as behavioral manifestations.[101–103]
Anxiety and delusions, often paranoid, also become
more common as the illness progresses.[99]

Focal variants of AD are well described in the
literature and present with an alteration in the typical
constellation and chronology of symptoms, presum-
ably reflecting the region of the brain most affected
with disease burden. Some of these syndromes
include posterior cortical atrophy, corticobasal syn-
drome, primary progressive aphasia, progressive
apraxia and frontal variant AD.[104–108] Detailed
discussion of these clinical syndromes is addressed
elsewhere in this volume.

Criteria that are commonly used for the diagnosis
of AD may be found in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV).
[109] Dementia of the Alzheimer's type, according
to this standard, is a gradual and progressive decline
in cognitive function with impairments in recent
memory and one other cognitive domain, not caused
by other identified medical or psychiatric illness,
and resultant in a functional impairment socially or
occupationally. Other specified cognitive domains are
detailed in Table 5.2.

Also widely used, the National Institute of Neuro-
logical and Communicative Disorders and Stroke
and the Alzheimer's Disease and Related Disorders
Association Joint Task Force (NINCDS-ARDA)
issued criteria for the classification of AD as possible,
probable or definite.[110] NINCDS-ARDA definite AD
requires neuropathological confirmation at autopsy
or brain biopsy such that DSM-IV-diagnosed ADmost
closely resembles NINCDS-ARDA probable AD. By
the NINCDS-ARDA diagnostic standard, probable
AD is dementia with cognitive deficits in at least two
cognitive domains including progressive memory
loss, with onset between 40 and 90 years of age in
the absence of another plausible medical cause. If a
potentially contributing medical condition coexists or
if the clinical syndrome demonstrates focal features,
then a diagnosis of possible AD may be appropriate.

History and neurological examination
Obtaining a detailed history from the patient and a
close informant are of primary importance in diag-
nosing AD. The most common first symptom is
memory loss, and this often distinguishes AD from
other neurodegenerative conditions.[111] Nearly one-
half of those with AD have other symptoms, includ-
ing executive loss, acalculia or alexia, visuospatial
disturbance or depression. Past medical history and
medication use influence the expression of symptoms

Table 5.2. Alzheimer's disease: diagnostic criteria

NINCDS-ARDA (110) DSM-IV (109)

Probable AD
� Dementia established by clinical examination
� Dementia confirmed with cognitive testing
� Deficits in two or more domains of cognition
� Progressive decline in memory and other cognitive

functions
� Preserved consciousness
� Onset between ages 40 and 90 years
� Absence of systemic or other brain disease that accounts

for symptoms

Possible AD
� Atypical onset, presentation or clinical course of dementia
� Another illness capable of producing dementia is present

but is not considered to be the primary cause

Definite AD
� Tissue diagnosis by autopsy or biopsy
� Clinical criteria for probable AD

Insidious onset with progressive decline of cognitive function resulting
in impairment of social or occupational functioning from a previously
higher level
Impairment in recent memory
Disturbance in at least one of the following cognitive domains:
� aphasia
� apraxia
� agnosia
Executive functioning (planning, organizing, sequencing, abstracting)
Cognitive deficits are NOT due to other neurologic, psychiatric, toxic,
metabolic, or systemic diseases
Cognitive deficits do not occur solely in the setting of delirium

Notes:
AD, Alzheimer's desease; NINCDS-ARDA, National Institute of Neurological and Communicative Disorders and Stroke–Alzheimer's Disease
and Related Disorders Association; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edn, text revision; reprinted with
permission from the American Psychiatric Association (copyright 2000).
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and may modify risk, and a positive family history is
common, even in those without an identified genetic
cause. Social history may reveal AD risk modifiers of
ethnicity, education and socioeconomic environment,
as well as alcohol and tobacco use or abuse.

The general neurological examination is typically
unremarkable in mild to moderate AD. Focal abnor-
malities may suggest an alternative cause for memory
impairment. Later in the illness, patients may develop
pyramidal signs with hyper-reflexia or extrapyramidal
parkinsonism, although these findings may be refer-
able to concomitant vascular or Lewy body pathology.
[112] Myoclonus is also observed in up to 50% of those
with AD as the illness progresses, although it is more
often reported in early-onset and familial cases and is
often seen later in the illness.[113] Dysphagia is an
important late symptom of the disease and likely a
contributing factor to the observation that the majority
of AD deaths result from bronchopneumonia.[114]

Bedside mental status testing is crucial for deter-
mining domains of cognitive deficit. Standardized
screening tests such as the Folstein Mini-Mental
Status Examination (MMSE) [115] or the Kokmen
Short Test of Mental Status [116] assess, at minimum,
orientation, attention, learning, memory, language
and constructional praxis. A poor performance com-
pared with normative data on one of these screening
instruments (factoring in age, education, ethnicity
and language [117]) may prompt a more detailed
cognitive assessment. Additional neuropsychological
testing may be better structured to reveal a pattern
of deficits consistent with AD and to quantify the
severity of the illness more accurately.

Neuropsychological testing
Based on the characteristic clinical history and neu-
roanatomic locations selectively vulnerable to AD
pathologic changes, it is not surprising that neuro-
psychological tests of delayed verbal memory success-
fully differentiate AD from other neurodegenerative
conditions, including frontotemporal, vascular and
Lewy body dementias.[118,119] Tests of naming and
verbal fluency also demonstrate discriminative cap-
acity when the clinical syndrome reflects overlapping
diagnostic considerations.[118,120,121] However, the
regional variability in neuropsychological testing proto-
cols and in the relative influence of various portions of
the dementia evaluation on determining the clinical
diagnosis have been recognized as a limiting factor
in more effectively characterizing and treating AD.

To this end, CERAD developed and administered
a standard battery of neuropsychological tests to 350
AD patients and 275 controls in order to demonstrate
reliability in diagnosis.[122] The neuropsychological
tests included a 6-item Short Blessed Test,[123]
MMSE,[115] animal category fluency, modified Boston
Naming Test,[124] Word List Memory (learning),
Word List Recall, Word List Recognition and Con-
structional Praxis. Additional information is obtained
through informant measures, the Blessed Dementia
Scale (BDS) [78] and the Clinical Dementia Rating
(CDR),[125] both of which assess functional impair-
ment. Such standardization has been recognized as
advantageous to the advancement of neuroscience
and patient care and has prompted further iterations
of standardized assessment in the form of the NIA
Minimum Data Set and, more recently, the United
States Alzheimer Disease Centers Uniform Data Set
(UDS).[126]

The UDS not only expands the neuropsycho-
logical test battery used to characterize the cognitive
deficits to include digit spans,[127] trailmaking [128]
and a digit-symbol task [129] but also broadens the
functional and behavioral assessment with the inclusion
of the Neuropsychiatric Inventory-Questionnaire,[130]
Functional Assessment Questionnaire [131] and the
Geriatric Depression Scale.[132] Validation of this
specific battery awaits further study, but the combin-
ation of functional scales and standardized assessment
of multiple cognitive domains is certain to contribute
to diagnostic accuracy, and longitudinal evaluation
with such tools will better delineate the trajectory
of decline in AD.

Laboratory evaluation
In 2001, the American Academy of Neurology (AAN)
Practice Parameter for the diagnosis of dementia
updated guidelines regarding the usefulness of labora-
tory testing in the initial clinical assessment of
dementia using an evidence-based approach.[133]
This review concluded with recommendations to
screen for depression, hypothyroidism, electrolyte
imbalance and vitamin B12 deficiency as potentially
treatable causes of cognitive impairment. Notably,
syphilis screening was recommended only in the con-
text of a clinical suspicion of neurosyphilis. Depending
on the clinical scenario, several other laboratory tests
were recommended in the initial version of the guide-
lines, including those meant to assess for metabolic
derangement, such as complete blood count, serum
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electrolytes, fasting blood glucose, blood urea nitrogen/
creatinine and liver function tests. In more highly
select patients, an erythrocyte sedimentation rate,
testing for the human immunodeficiency virus, toxi-
cology screen, urine heavy metals testing, chest radio-
graph, serum homocysteine or serum folate levels
may be indicated.[134]

Electroencephalography (EEG) is not recommended
for routine use in the diagnosis of dementia, and is
often normal in AD. If the study is abnormal, it may
reveal non-specific generalized slowing. However, EEG
may be useful in distinguishing dementia from delirium
and for diagnosing seizures, which accompany AD
pathology in up to 17% of patients [135] and may be
present at the time of diagnosis in up to 6%.[136]

Cerebrospinal fluid (CSF) studies were also not
recommended by the AAN for routine use in the
diagnostic evaluation of patients with suspected AD.
However, in certain scenarios, CSF studies may help
to differentiate AD from inflammatory, infectious
or neoplastic causes of cognitive dysfunction. With
respect to AD specifically, at the time of the 2001
structured review of the literature, there was consider-
able evidence to support a CSF profile associated with
AD.[133] Reduction in the CSF Ab-42 and elevation in
the CSF tau protein combined yielded a reported
sensitivity and specificity of approximately 80–90%
in comparing AD patients and controls,[137,138]
although there is some overlap with other syn-
dromes.[139,140] This diagnostic overlap may be
limited with the use of assays for both total tau
(T-tau) and phosphorylated tau (P-tau), with high
levels of P-tau increasing specificity for AD.[141]
There remains continued uncertainty as to how CSF
biomarkers may prospectively contribute to AD diag-
nostic strategies beyond the standard clinical assess-
ment.[133] However, CSF studies continue to be
investigated as a potential surrogate marker of dis-
ease, with a recent investigation revealing that CSF
biomarkers may accurately predict incipient AD in
patients with mild cognitive impairment (MCI).[142]
An additional predictive utility of CSF biomarkers has
been suggested by another recent investigation, which
reported that CSF Ab42 deficits correlated with earlier
death, while increased CSF tau levels may correlate
with dementia severity.[143]

Neuroimaging
Structural neuroimaging with magnetic resonance
imaging (MRI) or non-contrast computed tomography

(CT) allows the clinician to assess for structural
pathology that may present with cognitive decline,
including neoplasms, cerebrovascular lesions and
hydrocephalus, while confirming the typical changes
associated with AD. The use of neuroimaging as
part of an initial evaluation for possible dementia is
currently recommended by the AAN.[133] In AD,
MRI and CT most often demonstrate non-specific,
generalized atrophy, which is more pronounced in
the medial temporal structures.[144] As expected
based on the known distribution of neuropathological
change in AD,[94] the hippocampus [145,146] and
entorhinal cortex [147] are subject to relatively greater
atrophy when studied with volumetric measures;
unfortunately, this pattern is sensitive but not specific
for AD,[148] demonstrating considerable overlap with
other dementia subtypes and normal aging. Medial
temporal volumetric imaging studies are not routinely
recommended in the clinical setting,[133] in part owing
to the known hippocampal volume loss associated
with aging; [149] however, there is increasing evidence
that volumetric imaging may be useful in predicting
incipient AD in patients with MCI.[150,151]

Functional imaging with single-photon emission
tomography (SPECT) and [18F]-fluorodeoxyglucose
positron emission tomography (FDG-PET) have been
considered extensively as methods to differentiate AD
from other dementias, and also as a tool to predict
the evolution of MCI to AD. The use of SPECT had a
lower sensitivity than clinical criteria for AD diagno-
sis in a prospective study, and variable sensitivities
and specificities when used to differentiate dementia
subtypes;[152–154] it is not recommended for use in
routine clinical practice.[133]

However, FDG-PET has demonstrated greater
promise in recent years, differentiating AD from
normal aging,[155] differentiating AD from other
dementias [156] and predicting AD pathology in
MCI,[157] using an identifiable pattern of deficient
regional glucose metabolism in the posterior temporo-
parietal regions, precuneus and posterior cingulate
cortex (Fig. 5.1). Although FDG-PET functional
imaging is not currently recommended by any con-
sensus guidelines for diagnosing AD,[84,133] the US
Center for Medicare and Medicaid recently approved
payment for this imaging modality for use in differ-
entiating frontotemporal dementia from AD,[111]
which will potentially increase the clinical correlational
data available beyond that obtained in the research
environment. Similar patterns of hypometabolism are
seen in the same regions with functional MRI.
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Assessment of fibrillar amyloid deposition, a neu-
ropathological signature of AD, may now be obtained
in vivo using experimental PET radiotracer ligands,
including a thioflavin analogue Pittsburgh compound B
(PIB; Fig. 5.1),[158] fluoro-dicyano-dimethylamino-
naphthalenyl-propene (FDDNP) [159] and N-methy-
lamino-hydroxystilbene (SB-13).[160] Potential clinical
applications of these techniques await further charac-
terization of longitudinal trends in ligand-related
imaging patterns,[161] as well as further description
of the imaging patterns obtained in normal aging
and other dementia subtypes.[162] Likewise, a better
understanding of the precise role of amyloid in the
pathogenesis of AD will presumably make such
imaging strategies more useful in the design of thera-
peutic interventions.[163]

Treatment
Symptomatic treatment
Based on the known neurochemical derangements
in AD, two classes of medication have been approved
for treatment of cognitive symptoms: cholinesterase
inhibitors, including donepezil, galantamine, and
rivastigmine, and an N-methyl-D-aspartate (NMDA)
receptor antagonist, memantine (Table 5.3). Choline-
sterase inhibition is predicted to enhance cholinergic
transmission which is recognized as deficient because

of basal forebrain AD pathology. These agents have
demonstrated modest effects on cognition, activities
of daily living and global function versus placebo
in a large number of randomized, double-blind
trials,[164] with efficacy demonstrated for up to 2 to
5 years.[165,166] Rivastigmine differs from the other
cholinesterase inhibitors in its inhibition of butyl-
cholinesterase and its non-hepatic metabolism.[167]
Galantamine also modulates presynaptic nicotinic
receptors.[168] The clinical significance of these and
other pharmacodynamic differences is unknown, as
there is no evidence suggesting that the agents differ
in efficacy.[164] Medication side-effects are generally
mild and may be limited with a gradual titration to
the recommended dosage. Commonly reported com-
plaints include gastrointestinal symptoms, which
are limited if medication is taken with food, and in-
somnia or vivid dreams, which is avoided with amorn-
ing dosing schedule. Other less common side-effects
include leg cramps and symptomatic bradycardia.
The latter may prompt a baseline electrocardiogram
before initiation of cholinesterase inhibition in a pati-
ent with cardiovascular risk factors. The US Food and
DrugAdministration (FDA) has approved all cholines-
terase inhibitors for the treatment of mild to moderate
AD, with an indication for severe AD recently granted
to donepezil. These medications are recommended
as standard therapy for AD by the AAN.[169] Inter-
nationally, there may be less enthusiasm for con-
tinuing therapy without demonstrable benefit.[170]

Memantine is a non-competitive NMDA-receptor
antagonist thought to protect neurons from excitotoxi-
city associated with glutamatergic activity. Its precise
mechanism of action in AD is not clearly defined;
however, the glutamate transporter is known to be
downregulated in AD, leading to changes in b-amyloid
and tau burden.[171–173] Clinical trials of memantine
in AD suggest improvement in cognition, behavior
and activities of daily living in moderate to severe
disease.[174] Furthermore, added benefit was observed
when used in combination with cholinesterase inhibi-
tion.[175] The medication is well tolerated with a
side-effect profile similar to placebo in randomized
studies and is currently approved by the FDA for use
in moderate to severe AD.

The treatment of commonly encountered behav-
ioral signs and symptoms is paramount in AD. Strat-
egies to adequately manage depression, anxiety, sleep
disturbances and psychosis continue to evolve, but
these symptoms remain a considerable challenge for
caregivers, in the home and in the medical community.

Fig. 5.1. Protein and functional imaging in Alzheimer's disease.
(A) Pittsburgh compound B (PIB) binds to brain amyloid in a patient
clinically diagnosed with Alzheimer's disease (AD) compared with a
control subject (CONT). (B) Fluorodeoxyglucose positron emission
tomography (FDG) demonstrates markedly reduced glucose
metabolism in the region of the posterior cingulate gyrus and
bilateral parietal lobes in a patient clinically diagnosed with
AD compared with a control subject on selected axial and sagittal
cuts. (Images courtesy of Dr. Gil Rabinovici.)
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Depression is common in AD, and several placebo-
controlled treatment trials have demonstrated mixed
results with both selective serotonin-reuptake inhibi-
tors (SSRIs) and tricyclic antidepressants.[176,177]
Owing to the anticholinergic side-effect profile of
the tricyclic antidepressants, SSRIs (with combination
noradrenergic-reuptake inhibitor activity) are chosen
by most clinicians. In patients with AD, anxiety often
manifests as a fear of being left unattended, a symp-
tom that may also respond to SSRIs, although evi-
dence is anecdotal.[178] Alternative anxiolytics such
as benzodiazepines are less-attractive candidates for
long-term management because of their cognitive
side-effects. Sleep disturbance may also respond to
antidepressant medications such as mirtazapine.[100]

Psychotic symptoms associated with AD include
hallucinations, delusions and agitation/aggression.
It is important to rule out delirium as a result of a
common medical illness, such as a urinary tract infec-
tion, as a mimicker of dementia-related psychosis. If
pharmacotherapy is needed to treat psychotic symp-
toms, then most clinicians prefer newer generation
antipsychotic medications,[179] although this practice
is not approved by the FDA. A recent double-blind,
placebo-controlled trial observed only a small differ-
ence in perceived change in patients with AD-related
psychosis treated with second-generation antipsychotic
medications, such as olanzepine, quetiapine and
risperidone, when compared with placebo.[180] This
coupled with a recent black box warning label require-
ment from the FDA, suggesting increased mortality
associated with these medications,[111] led investiga-
tors to conclude that, “Adverse effects offset advan-
tages in the efficacy of atypical antipsychotic drugs
for treatment of psychosis, aggression, or agitation
in patients with Alzheimer's disease.” [180] Unfortu-
nately, clinicians have limited options in treating
psychotic symptoms, as more traditional antipsychotic
medications, such as haloperidol, are known to

produce or exacerbate parkinsonism and may be more
likely than newer antipsychotic drugs to increase
mortality.[181] Notably, neuropsychiatric symptoms
may respond to initiation of cholinesterase inhibition,
memantine or a combination of these approved AD
medications.[182]

Following a diagnosis of AD, interventions that
are non-pharmacological will likely be required,
emphasizing patient and caregiver safety. One issue
that may dramatically change the lifestyle of a patient
with AD is restriction or revocation of driving privil-
eges. Current physician reporting standards vary by
US state and country, and assorted medical governing
bodies have determined different standards, as well.
For example, the AAN recommends that patients
with a functional measure signifying mild dementia
with memory predominance be advised to discon-
tinue driving,[183] while the American Medical Asso-
ciation bases its recommendations on performance
on two office-based cognitive tasks.[184] While the
up to eight-fold increase in collisions involving
patients with AD who continue to operate a motor
vehicle [185] must be addressed as a public health
concern, current predictors of driver fitness may be
inadequate and warrant further study.[186,187]

Investigational treatments
Currently available interventions improve symptoms
associated with AD, but strategies to halt disease
progression or prevent disease development are the
major candidates for affecting change on the natural
history and epidemiology of AD, as a uniformly fatal
illness with an increasing prevalence worldwide. Sev-
eral investigational treatments and preventive strategies
are currently in clinical trials or development:
� secretase modulation
� amyloid anti-aggregation
� kinase modulation

Table 5.3. Alzheimer's disease: clinical pharmacology of selected agents

Donepezil Galantamine Rivastigmine Memantine

Mechanism of action Cholinesterase
inhibitor

Cholinesterase inhibitor Cholinesterase inhibitor NMDA-receptor
antagonist

Dose (initial/maximal) 5mg daily/10mg
daily

4mg twice daily/12mg
twice daily

1.5mg twice daily/6mg
twice daily

5mg daily/10mg
twice daily

Absorption affected by food No Yes Yes No

Hours to maximum serum
concentration

3–5 0.5–1 0.5–2 3–7

Serum half-life (h) 70–80 5–7 2–8 60–80
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� neurotransmitter modulation
� heavy metal modulation
� b-amyloid immunotherapy
� lipid metabolism modulation
� anti-oxidative measures
� hormone modulation
� increased b-amyloid elimination.
Therapeutic targets for disease modification include
both b-amyloid and tau.

Several approaches to modify the pathogenicity
of b-amyloid have been undertaken, from reducing
production to reducing aggregation to increasing
clearance. Sequential cleavage of APP by b- and
g-secretase generate b-amyloid, rendering secretase
modulators prime targets for drug development, with
g-secretase inhibitors in both phase II (efficacy) and
phase III (clinical) trials.[188] Beta-, secretase inhibi-
tors have reduced b-amyloid concentrations in AD
transgenic mice.[189] Also in a transgenic mouse
model of AD, an a-secretase enhancer, which shifts
APP processing toward a non-amyloid generating
pathway, has demonstrated efficacy in reducing brain
b-amyloid.[190]

Active immunizationwithavaccineofpre-aggregated
Ab-42, hypothesized to induce an efflux of b-amyloid
from the brain by activity of antibodies in the periphery
or the activation of microglial clearance of plaques
by antibody activity in the central nervous system,
[191,192] was halted in a phase II trial as a result of the
development of presumably T-cell-mediated encephal-
itis.[193] However, passive immunization, currently
in phase II trials, remains as a potential therapy
for reducing amyloid burden, while a modified active
immunization is also being investigated.[188] Several
small molecules that interfere with b-amyloid aggre-
gation via different mechanisms are also being stud-
ied, including a glycosaminoglycan mimetic [194] and
a metal chelator.[195]

Tau pathology represents another target for drug
design, with molecules interfering with tau phosphor-
ylation under preclinical investigation [84]; however,
redundancy in tau kinases may render a single mol-
ecule clinically ineffective. Lithium, a known inhibitor
of tau phosphorylation,[196] is currently in clinical
trials for the treatment of AD.

Other therapeutic interventions currently under
investigation are largely based on observational
data, which are often difficult to reproduce with pro-
spective study. Anti-inflammatory agents have been
recognized to reduce risk of AD in epidemiological

studies,[197,198] yet, both steroids and non-steroidal
anti-inflammatory drugs (NSAIDs) have demon-
strated no effect on cognitive outcomes in AD clinical
trials so far.[199] One NSAID currently in clinical
trials, flurbiprofen, has demonstrated selective lowering
of Ab42 as a potential mechanism of action.[200]
Estrogen replacement therapy in postmenopausal
women was also associated with reduced risk for AD
in epidemiological studies,[201] although clinical
trials have not supported the use of estrogen for AD
risk reduction.[202]

Antioxidants, including vitamins E and C, may
reduce the risk of AD according to large observational
studies,[203] although treatment trials with vitamin E
have yielded mixed results,[194,204] and recent
evidence that high-dose vitamin E may increase
cardiac risks [205] has tempered enthusiasm for sup-
plementation above 400 IU daily. Alternatively, lipid-
lowering agents are presently in large clinical trials
after retrospective case–control data suggested that
statins may modify risk for disease development.[206]

Novel naturopathic intervention strategies such as
ginkgo biloba and huperzine A may show marginal
benefit in the treatment of AD [100] and warrant
further investigation. Such interventions may demon-
strate activity against AD pathology via multiple
mechanisms. For example, curcumin (curry spice) is
currently in clinical trials [84] and reportedly acts as
an anti-inflammatory, anti-oxidant, and anti-amyloid
aggregant.[207]

Future directions
Over 100 years after Alzheimer's initial clinicopatho-
logical presentation, much has been learned about the
neurodegenerative disorder which bears his name,
with more than 50 000 articles on the topic currently
accessible through public electronic medical reference.
However, there are many exciting scientific discoveries
on the horizon. New microarray technologies offer
the opportunity to better understand the complicated
genetic susceptibilities and cellular pathways that may
lead to the development of AD.[208] Concomitantly,
proteome-based studies of CSF [209] and serum [210]
promise new biomarkers for AD that will potentially
serve as surrogate markers for diagnosis or disease
progression and drive therapeutic intervention studies
forward. Furthermore, a cooperative neuroimaging
study seeks to identify imaging and associated biomar-
kers through a longitudinal, multicenter, prospective
study of normal aging, MCI and AD.[211]
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Of equal importance is a pressing need for accurate
clinical characterization of AD in its early stages in an
effort to initiate interventions strategically. Likewise,
diagnosis and treatment of patients already demon-
strating signs and symptoms of AD demand improve-
ment. In primary care settings, less than 50% of
patients with dementia are diagnosed,[212] with a
consequential lack of screening for potentially treat-
able conditions.[213] Equally surprising, only half
of patients diagnosed with AD are treated with cur-
rently available therapies.[100] With promising new
treatments already in clinical trials, it is necessary to
advocate for accurate and early diagnosis or referral.
To maintain quality of life for those already diagnosed
with AD, appropriate symptom management with
approved medications and perhaps less-conventional
interventions such as music therapy [214] and exer-
cise [215] should also be emphasized. While many
challenges remain in AD scientific discovery and
patient management, recent advances and continued
collaborative efforts are encouraging for a successful
preventative strategy to be developed in the near
future.
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Chapter

6 Mental status examination

Casey E. Krueger and Joel H. Kramer

Introduction
One of the challenges facing behaviorally oriented
neurologists is that many patients' symptoms fall
beyond the scope of a physical neurological evaluation.
Frequently, patients with neurodegenerative disease,
particularly in the early stages, present with intact
cranial nerves, reflexes, eye movements, and sensory-
motor function. Accordingly, clinicians need tools to
formally assess the cognitive, psychiatric and behav-
ioral abnormalities that define many dementing dis-
orders. The mental status examination is the part of the
neurological examination that assesses current mental
capacity through evaluation of appearance, mood, per-
ceptions (e.g. delusions, hallucinations) and all aspects
of cognition (e.g. attention, orientation, memory).

According to Frey (2002), a comprehensive mental
status examination evaluates 10 areas of functioning:
(1) overall appearance, (2) movement and behavior
(gait, coordination, eye contact and facial expressions),
(3) mood (underlying emotional tone of person's
answers), (4) affect (outwardly observable emotional
reactions), (5) speech (volume, rate, tone, appropriate-
ness and clarity), (6) thought content (hallucinations,
delusions, obsessions, dissociative symptoms and
thoughts of suicide), (7) thought process (repeated
words or phrases, thought blocking, illogical connec-
tions), (8) cognition, (9) judgement (what to do about a
common sense problem) and (10) insight (ability to
recognize a problem and understand its nature and
severity). This chapter will describe some widely used
approaches for assessing mental status, with a particu-
lar emphasis on the cognitive changes typically seen in
neurodegenerative disease.

Several standardized mental status examinations
exist that enable quantification of cognitive impair-
ment, typically yielding a single composite score that
reflects disease severity. Some examples include the

Mini-Mental State Examination (MMSE; Folstein et al.,
1975), Modified Mini-Mental State Examination (Teng
and Chui, 1987), Short Portable Mental Status Ques-
tionnaire (Pfeiffer, 1975), Cognitive Abilities Screening
Test (Teng et al., 1994), Cognistat (or Neurobehavioral
Cognitive Status Examination; Kiernan et al., 1987),
7 Minute Screen (Solomon et al., 1998), and Geriatric
Mental State Schedule (Copeland et al., 1976). Perhaps
the most widely used measure in behavioral neurol-
ogy and dementia is the MMSE. Typically taking
about 10 minutes, the MMSE evaluates orientation
to time and place, registration, attention, working
memory, recall, language and visuoconstruction. This
30-point scale was originally designed to facilitate dif-
ferential diagnosis of hospitalized psychiatric patients,
but it is now routinely used to assess cognitive abilities
in a broad range of diagnoses. Folstein et al. (1975)
reported high test–retest reliability in the original stand-
ardization sample of 22 non-demented psychiatric inpa-
tients over a 24-hour period, whether the examiner was
the same both times (r¼ 0.89) or different (r¼ 0.83).
Test–retest reliability over a 4 week period was nearly
perfect for 23 patients with dementia (r¼ 0.99). Studies
have demonstrated considerable incremental validity
of the MMSE in comparison with routine clinical
evaluation (Mitrushina and Satz, 1991). Additionally,
significant correlations have been found with many
neuropsychological measures, suggesting high conver-
gent validity (Mitrushina and Satz, 1991).

Crum et al. (1993) examined the distribution of
MMSE scores in 18 056 adult participants. They
found that cognitive performance as measured by
the MMSE scores varied by both age and education
level. There was an inverse relationship between age
and MMSE scores and a positive relationship between
years of education and MMSE scores. For example,
the median MMSE score of those aged 18 to 24 was
29, while the median score for individuals 80 years old
and above was 25. Furthermore, the median MMSE
score for participants with at least 9 years of formal
education was 29, while the median score for those
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with 0–4 years of education was 22. These data high-
light the need to consider age and education when
interpreting MMSE scores.

The strength of tests like the MMSE is that they
provide composite scores that can be used as markers
of disease severity over time. The MMSE performance
of healthy older adults is reasonably stable over time,
while MMSE scores of patients with Alzheimer's dis-
ease (AD) decreases over time at an average rate of
around 3 points per year (Wilson et al., 2000). In
addition, patterns of performance on individual items
on the MMSE may help to distinguish patients with
different dementia etiologies (Brandt et al., 1988; Lezak
et al., 2004). For example, Ala et al. (2001) found that
patients with dementia with Lewy bodies (DLB) per-
formed worse than patients with AD on attention and
construction items, whereas patients with AD per-
formed worse on the MMSE memory items. Patients
with AD tend to perform poorly on temporal orienta-
tion items and delayed recall (Jefferson et al., 2002).

However, tests like the MMSE are not particularly
sensitive indicators of early disease manifestations
(Mungas et al., 2003). Also, it is important to remember
that the MMSE was designed primarily for quantifying
dementia severity and not for differential diagnosis.
Therefore, in some instances, the behavioral neurologist
will need to assess skills such as episodic memory,
working memory, executive functions, language and
visuospatial abilities in greater detail. This chapter will
elaborate upon the mental status examination of each
of these domains. Then, it will provide typical neuro-
psychological profiles of various dementia types (AD,
frontotemporal dementia [FTD], semantic dementia
[SD], DLB and progressive supranuclear palsy [PSP])
in order to aid in differential diagnosis.

Cognitive mental status examination
Memory
Most patients with dementia show memory problems
early in the course of their disease (Strub and Black,
2000). Memory is a general term for a mental process
that allows the individual to store information for
later recall (Squire and Butters, 1984). Importantly,
memory is not a unitary construct, but rather an
alliance of inter-related subsystems (Baddeley, 1995).
Episodic memory refers to the system involved in
remembering particular experiences or episodes, such
as what you had for breakfast or where you went on
vacation last summer. These memories are context
dependent and are associated with a particular time,

place and feelings. Episodic memory depends on a
neural network that includes the temporal lobes,
hippocampus and frontal lobes (Baddeley, 1995). The
hippocampus is a structure within the temporal lobes
that is crucial for consolidating information into long-
term storage. Focal hippocampal injury produces
impaired new learning in the context of intact imme-
diate and remote memory (Squire and Butters, 1984)

When assessing episodic memory in the clinic,
examiners should use enough information to exceed
immediate memory span, and to consider separately
initial learning versus retention, and recall versus
recognition. Cullum et al. (1993) examined the utility
of using three-word recall tasks (such as the task in
the MMSE) for assessing recall performance. They
found substantial variability within their subjects,
and a significant proportion of normal subjects
recalled zero or one word. They noted that caution
must be used when interpreting simple recall per-
formance as an index of memory. Supraspan list-
learning tasks with delayed recall and recognition
conditions (e.g. California Verbal Learning Test-II
[CVLT-II; Delis et al., 2000] and Rey Auditory Verbal
Learning Test [Rey, 1941; Lezak et al., 2004] are better
suited for bedside evaluation of memory.

Different neurodegenerative conditions can affect
memory functioning in different ways. Patients with
fronto-subcortical atrophy have problems with encod-
ing and initial learning, but relatively intact retention.
In addition, recognition memory is often within
normal limits (Albert et al., 1974; Massman et al.,
1990). In contrast, patients with AD may show
normal immediate recall but have difficulty retaining
information over delays as brief as a few minutes and
tend to have poor recognition.

Kramer et al. (2004) demonstrated the importance
of examining delayed episodic memory and not just
immediate memory when conducting a dementia
evaluation. They found that delayed recall was best
predicted by hippocampal volume, even after control-
ling for levels of initial acquisition. These results
suggest that impaired delayed recall may be used as
an indictor of hippocampal dysfunction, while difficulty
with immediate recall may reflect problems in other
brain regions involved in attention and organization.

Executive functions
Executive functioning has been called the most subtle
and central realm of human activity (Barkley, 2000).
It is particularly important to assess because it is
affected in most types of dementia. Executive function
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is the process of bringing together and coordinating
information for a purpose, such as decision making,
and it includes skills such as mental flexibility and
response inhibition. Lesion studies and structural and
functional neuroimaging studies have implicated the
prefrontal cortex as critical for performing executive
function tasks (Anderson et al., 1995; Baker et al.,
1996; Walker et al., 1998; McMillan et al., 2004).
However, poor performance on executive function
tasks should not always be construed as evidence for
frontal pathology because many such tasks are cogni-
tively complex, and other brain regions, including
subcortical structures, play an important role in task
completion (Tekin and Cummings, 2002; Kramer and
Quitania, 2007).

Several clinical tasks have been developed to assess
different aspects of executive function, including novel
verbal and non-verbal problem-solving tasks, maze
tracing, tower tests, card or object sorting, and set-
shifting. Common areas assessed under the rubric of
executive function include working memory, mental
flexibility, inhibition, fluency and abstract reasoning.

Working memory
Working memory is a functional system that works to
register, recall and mentally manipulate information
within short-term memory (Baddeley, 1995); it is a
common substrate to patients' difficulty with multi-
tasking. Digit span tests are widely used, with the
forward digit span component used to assess imme-
diate auditory memory, and the backward span com-
ponent evaluating working memory (i.e. the capacity
to juggle information mentally). Research has shown
that, on average, people can keep 7� 2 items in their
short-term memory (which is why the US Federal
Government made phone numbers seven digits long).
Working memory is also assessed on the MMSE when
the patient carries out serial 7's or spells “WORLD”
backward. Other bedside techniques include reciting
the months of the year in reverse order.

Mental flexibility
The Trail Making Test (Reitan and Wolfson, 1985) is
a widely administered test of attention and cognitive
flexibility. In Part A of the Trails, patients connect
a series of numbered circles distributed arbitrarily on
a page. In Part B, the subject is asked to alternate
serially between connecting numbers and letters.
The scores are the time taken to complete each part.
This test is particularly sensitive to the progressive
cognitive decline in dementia (Greenlief et al., 1985).

Elderly persons who perform poorly on Part B are
likely to have problems with complex activities of
daily living (Bell-McGinty et al., 2002).

Inhibition
Response inhibition requires the patient to suppress
an overlearned response or a salient environmental
stimulus. Stroop interference tests are widely used to
assess inhibition. In this paradigm, patients are shown
a series of color names printed in different color ink
(e.g. the word “RED” printed in blue ink). The patient
has to inhibit the overlearned tendency to read the
words and instead name the color of the ink in which
the words are printed. Other tasks, such as opposite
responding, require the patient to inhibit their
response to a salient stimulus while providing a com-
peting response. For example, the evaluator tells the
patient, “When I tap once, you tap twice, but when
I tap twice, you tap once.” Similarly, the evaluator
may ask the patient to point to his/her chin while the
evaluator points to his/her nose.

Fluency
Fluency is another aspect of executive function
because it requires organized search and retrieval
strategies. Fluency can be assessed by having the
patient generate words beginning with specified
letters or belonging to semantic categories. Relative
difficulty with semantic categories often suggests AD
or SD, whereas relative difficulty with letter prompts
(phonemic cueing) suggests frontal and/or subcortical
deficits (Rascovsky et al., 2007). The Controlled Oral
Word Association (Benton and Hamsher, 1989)
consists of three word-naming trials using the letters
F-A-S. Semantic fluency is often evaluated using the
category of animals (Troyer, 2000). Non-verbal fluency
tasks (e.g. Design Fluency [Delis et al., 2001], Ruff
Figural Fluency Test [Ruff et al., 1987]) typically pre-
sent patients with boxes containing dots and asks
them to generate as many novel designs as possible.

Abstract reasoning
Abstract reasoning can be evaluated by asking patients
to describe conceptual similarities or differences
between word pairs (e.g. “dog–lion”), give opposites
(e.g. “healthy–sick”), find analogies (e.g. “table is to leg
as bicycle is to?”) (Lezak et al., 2004) or interpret
proverbs (e.g. “An old ox plows a straight row”).

Language
Several aspects of language should be screened during
mental status testing, including articulatory agility,
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repetitionofhigh-and low-frequencywordcombinations
(e.g. “No ifs, ands or buts”, “Methodist Episcopal”),
comprehension of single words (give the subject
simple commands, such as “Show me your chin,” or
have the patient say the word that a picture is illus-
trating), comprehension of complex syntax (e.g. “Put
your left hand on your right ear”), reading of regular
and irregular words, and naming (point to objects in
the room; name colors, letters, numbers and actions
[Strub and Black, 2000]; the Boston Naming Test
[Kaplan et al., 1983]). Examiners should also pay close
attention to several features of the patient's spontaneous
and conversational speech, including intonation,
prosody, typical phrase length, the presence of gram-
matical terms, the presence and type of paraphasia,
word-finding ability and how well the patient seems
to understand what is being said. Reading and writing
should also be assessed.

Strub and Black (2000) have explained some typ-
ical terminology used to describe language impair-
ments. Agraphia is an acquired disturbance in
writing. Alexia is the term used to describe a loss of
reading ability in a previously literate person. Aphasia
is a true language disturbance in which the patient
demonstrates an impaired production and/or compre-
hension of spoken language. Dysprosody is an inter-
ruption of speech melody, inflection and rhythm.

Visuospatial abilities
Constructional tasks are extremely useful in detecting
organic brain disease and should be included in every
mental status examination (Strub and Black, 2000).
Constructional abilities require complex non-verbal
cognitive functions and involve the integration of
occipital, parietal and frontal lobe functions. Never-
theless, the parietal lobes are the principal cortical
areas involved in visual-motor integration (Strub
and Black, 2000). Design copying (e.g. interlocking
pentagons or hexagons, cube, clock, Rey–Osterrieth
Complex Figure) is commonly used to examine
visuoconstructional abilities at the bedside. Noticing
how the patient approaches his/her copy can be an
extremely useful part of the evaluation. For example,
working from right to left, omitting parts of the left
side, missing the overall configuration and directional
confusion all raise the possibility of right-hemisphere
injury, regardless of how good the final copy is. Basic
perceptual skills should also be assessed in patients
who fail constructional tasks. Widely used bedside
measures include line bisection tasks, matching faces

or designs, or even having patients describe complex
pictures (assuming intact language).

Psychiatric symptoms
Personality or emotional changes are often present in
patients with dementia. These changes may be a direct
product of the illness itself or the patient's reaction to
their experiences of loss, frustration and changes in
lifestyle. It is important to distinguish personality
changes that are a result of the disease from comorbid
psychiatric symptoms. Common personality changes
and behavioral problems include irritability, low frus-
tration tolerance, apathy, disinhibition, emotional
dulling and hoarding. Depression is likely the most
common comorbid psychiatric symptom that follows
a diagnosis of dementia, with pervasive anxiety
following closely (Lezak et al., 2004). It is important
to assess for psychiatric disorders, such as depression,
bipolar disorder, generalized anxiety disorder, anxiety
disorder caused by a general medical condition, soma-
tization disorder, conversion disorder and obsessive–
compulsive disorder. Therefore, it is important to
ask about domains related to a patient's emotional
status, including mood, appetite, sleep, pleasurable
activities they partake in, anxiety, energy level and
obsessions. The Geriatric Depression Scale (Yesavage
et al., 1983) is useful in assessing for depression in
elderly patients, and the Neuropsychiatric Inventory
(Cummings et al., 1994) allows informants to rate
the patient's behaviors and psychiatric symptoms.

Functional status
A diagnosis of dementia requires impairment both
in cognition and in everyday functioning. Functional
status refers to the capacity to carry out instrumental
activities of daily living, such as food preparation,
medication management, driving, housekeeping,
financial management and shopping (Jefferson et al.,
2006). It can be informally assessed by asking the
patient if they are having difficulty carrying out these
daily activities. Functional abilities can also be
assessed by having caregivers complete question-
naires, such as the Functional Activities Question-
naire (Pfeffer et al., 1982) and the Clinical Dementia
Rating Scale (Hughes et al., 1982). Evaluating func-
tional status is crucial in the diagnosis of dementia,
and also in determining the practical effects of
dementia on patients and their families (Cahn-Weiner
et al., 2003).

Components of the mental status examination
that bear the strongest relationship to functional
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abilities are memory and executive functioning
(Sunderland et al., 1986; Wilson et al., 1989; Wilson,
1991; Cahn-Weiner et al., 2000, 2002, 2003; Boyle
et al., 2003). Executive dysfunction often results in
impairments in planning, organization and insight,
all of which are likely to affect the ability to care for
one's self (Cahn-Weiner et al., 2000). Jefferson and
colleagues (2006) determined that out of the elements
of executive functioning (e.g. working memory,
generation, inhibition, planning and sequencing),
inhibition was most strongly related to impairments
in instrumental activities of daily living in patients at
risk for future cognitive and functional decline. In
addition to executive dysfunction, apathy (a frontally
mediated behavior) was also found to be associated
with impairment in instrumental activities of daily
living (Boyle et al., 2003). Sunderland and colleagues
(1986) demonstrated that a story-recall test reported
everyday memory problems. Wilson and colleagues
(1989) found that the Rivermead Behavioural Memory
Test (RBMT; Wilson et al., 1985) was sensitive and
correlated highly with lapses in everyday memory.
A follow-up study by Wilson (1991) determined that
the RBMT predicted whether or not a patient would
be capable of living independently.

Suggested mental status examination
An example of a comprehensive bedside mental status
examination includes the following: MMSE, a supra-
span memory test with delayed recall and recognition
(e.g. CVLT-II short form), design copy and recall,
high- and low-frequency object naming (e.g. jacket,
lapel, sleeve and cuff; shoe, sole, heel and tongue),
naming to descriptions (e.g. “What is the name of a
small lizard noted for its ability to change color”),
comprehension of single words and syntax (e.g.
“A lion and tiger were fighting. If the lion was killed
by the tiger, which animal is dead?”), forward and
backward digit span, verbal fluency (words beginning
with the letter D, animals), opposite responding, simi-
larities and proverbs, and the Geriatric Depression
Scale. It is recommended that clinicians develop items
they use in a standardized way. Clinicians interested
in specific standardized instruments should refer to
Strub and Black (2000) and Lezak et al. (2004).

Differential diagnosis
Typical cognitive changes associated with several
neurodegenerative diseases are characterized below.
Although not all patients with these dementias exhibit

prototypical patterns of impairment, comprehensive
mental status testing can often help with differential
diagnosis.

Alzheimer's disease
Alzheimer's disease is the single most common cause
of dementia, accounting for at least 65% of cases
(Berg et al., 1994). Strub and Black (2000) described
the early features of AD as apathy, vague subjective
complaints, decreased verbal fluency, memory diffi-
culties, constructional impairments, dyscalculia and
problems with abstract reasoning. Social skills tend
to be relatively well preserved. The most frequent first
symptom in AD is memory difficulties, but changes in
naming, visuospatial abilities and executive functions
are also commonly reported (Fig. 6.1). Numerous
studies have found that patients with AD have greater
memory impairments than other diagnostic cohorts
(Perry and Hodges, 2000; Ala et al., 2002; Kramer
et al., 2003; Diehl et al., 2005).

Although diffuse cognitive changes are typical,
particularly in the middle and later stages, AD is
associated with two particularly distinct findings on
mental status testing: rapid forgetting on tasks of
episodic memory and decreased category fluency
compared with lexical fluency.

Rapid forgetting reflects impairment in consoli-
dating new information into long-term memory.
Thus, even though patients with AD can demonstrate
relatively intact immediate recall, much of the infor-
mation is lost after delays as brief as a few minutes
(Kramer et al., 2004; Wicklund et al., 2006). Figure 6.2,
for example, displays the verbal learning data from
well-matched samples of 92 AD subjects (mean age,

Memory
55%

Executive
13%

Behavioral
4%

Visuospatial
13%

Language
15%

Fig. 6.1. Alzheimer's disease: frequency of symptoms as first
symptom. (With Permission from Johnson UCSF Memory
and Aging Center.)
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68.4 years; MMSE score, 26.3) and 35 PSP subjects
(mean age, 67.4 years; MMSE score, 26.8). Subjects
were given a nine-word list over four learning trials;
free recall was elicited after 30 second and 10minute
delays. As can be seen, both groups showed increased
recall over the four learning trials. After delays, how-
ever, recall levels in the AD subjects dropped off
rapidly, whereas PSP subjects tended to recall the
words they had initially learned.

Decreased category fluency in the context of
preserved letter fluency is another prominant feature
of AD on mental status testing. Rascovsky and col-
leages (2007) compared verbal fluency results from
32 patients whose AD was confirmed at autopsy with
those of 16 patients with autopsy-confirmed FTD.
They found that those with AD were more impaired
on semantic fluency than letter fluency, while those
with FTD displayed the reverse pattern of impair-
ment. Results suggest that the disparity between letter
and semantic category fluency is effective in differen-
tiating AD from FTD. Semantic category fluency
deficits in AD may reflect the gradual progression of
AD pathology in the temporal association areas that
underlie semantic memory (Terry and Katzman, 1983;
Rascovsky et al., 2007).

Frontotemporal lobar degeneration
Frontotemporal lobar degeneration (FTLD) is a het-
erogeneous group of disorders that display involve-
ment of frontal and anterior temporal structures.
Neary et al. (1999) recognized three distinct subtypes
of FTLD; FTD, SD and progressive non-fluent apha-
sia (PNFA). Each subtype is associated with distinct
changes on mental status testing (Libon et al., 2007).

Frontotemporal dementia is characterized by a
decline in personal and social conduct. Patients are
often described as lacking empathy, being rude and

inappropriate. First symptoms also include lack of
insight, hyperorality, apathy, irritability and disinhibi-
tion. Patientswith FTDalso show stimulus-boundedness
and environmental dependency. Questionnaires for
caregivers, such as the Neuropsychiatric Inventory
and Functional Activities Questionnaire, are helpful
in noting the behavioral and functional changes in
patients with FTD.

Executive functioning impairments may distin-
guish FTD from other neurodegenerative disorders.
Patients with FTD performed worse on backward
digit span than patients with AD or SD (Kramer
et al., 2003), and worse on letter fluency than patients
with AD (Mathuranath et al., 2000; Rascovsky et al.,
2007). In addition, patients with FTD are more prone
to making repetition errors and deviating from stand-
ard test instructions (e.g. on Stroop interference tasks,
they read the words instead of naming the ink colors
(Kramer et al., 2003; Thompson et al., 2005). In
contrast, those with FTD generally perform relatively
better on tests of spatial ability, episodic memory
and semantic tasks (Hodges et al., 1999; Perry and
Hodges, 2000).

Semantic dementia
Semantic dementia is known as the temporal variant
of FTLD (Hodges et al., 1999; Johnson et al., 2005b)
because atrophy is most severe in the anterior tem-
poral cortex, particularly in the left hemisphere
(Rosen et al., 2002; Diehl-Schmid et al., 2006). Semantic
dementia is predominantly characterized by a progres-
sive semantic impairment that affects the meaning of
words. Verbal output is fluent, effortless and gram-
matically correct, but because of severe word-finding
difficulties may have an empty quality. On formal
mental status testing, patients with SD demonstrate
severe naming deficits and loss of word knowledge,

0

1

2

3

4

5

S
co

re

6

7

8

9

30 s
delay

10 min
delay

PSP

AD

Trial 1 Trial 2 Trial 3 Trial 4

Fig. 6.2. Free recall in Alzheimer's disease (AD) compared
with progressive supranuclear palsy (PSP). This graph
shows the poorer performance on the Californian Verbal
Learning Test in patients with AD compared with patients
with PSP. A prominent feature of AD is the rapid rate of
forgetting.
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but visual memory and visuocontructional abilities
are typically intact (Hodges and Miller, 2001) and
activities of daily living are often maintained. Reflect-
ing their underlying semantic deficit, category fluency
is particularly impaired. Mental status testing will also
reveal deficits in picture naming, with semantic errors
being particularly noteworthy (e.g. “dog” for a picture
of a hippopotamus). These patients also have agnosia
for faces and objects but preserved ability to repeat
single words and read orthographically regular (but
not irregular) words.

Over time, patients with SD may exhibit behav-
ioral manifestations similar to patients with FTD.
They may demonstrate narrowed preoccupations,
financial parsimony and loss of sympathy or empathy.
Behavioral and social changes often suggest signifi-
cant right temporal involvement (Miller et al. 2001).

Dementia with Lewy bodies
Dementia with Lewy bodies is believed to be the
second most common form of dementia in old age
(McKeith et al., 1996). Hallmarks of DLB include
recurrent visual hallucinations, fluctuations in atten-
tion and alertness, parkinsonian features and visuo-
spatial impairments.

Ferman and colleagues (2004) found that four
symptoms differentiated DLB from AD. These symp-
toms include daytime drowsiness and lethargy all the
time or several times per day, daytime sleep greater
than 2 hours before 7 p.m., staring into space for a
long period, and episodes of disorganized or illogical
speech. Perseverative behaviors are also common.
Bradshaw et al. (2004) noted that qualitative descrip-
tions from caregivers of patients with DLB differ from
those of caregivers of patients with AD. Caregivers in
DLB describe an interruption in flow of awareness or
attention, which is associated with transient episodes
of confusion. For example, a caregiver described a
patient with DLB as, “One day telling me she's
been to NY, next day she is lucid,” and “Some days
she thinks there are extra people for dinner.” These
episodes are followed by a return to near normal level
of functioning. Caregivers of those with AD describe
repetitiveness in conversation and forgetfulness in
relation to a recent task. Examples include the patient
forgetting what he/she was going to do and then
starting something else. Fluctuations are described
more as good days and bad days rather than spontan-
eous short-lived alterations in awareness.

A study by Ala and colleagues (2002) examined
whether the MMSE could be used to differentiate

DLB from AD. Consistent with previous literature,
patients with DLB had relatively greater impairment
of attention and construction while those with
AD had relatively greater impairment of memory.
Johnson et al. (2005a) also found that patients with
DLB performed worse than patients with AD on
visuospatial tasks, while patients with AD performed
worse than patients with DLB on verbal memory.
They noted that the rate of cognitive decline was
equivalent in both groups. Similarly, Mori and
colleagues (2000) found that patients with DLB
performed worse on visuospatial tasks than those
with AD. They believed that malfunctioning visual
perception may result in the development of the
visual hallucinations and delusional misidentifica-
tions that are common in patients with DLB. Neuro-
psychological features are similar to AD, but patients
with DLB frequently display relatively greater deficits
in attention, executive functions, visuospatial and
constructional capacities, psychomotor speed and
verbal fluency (Fields, 1998; Kraybill et al., 2005).
These results indicate that neuropsychological vari-
ables can be used to support other clinical findings in
the diagnostic process.

Progressive supranuclear palsy
Progressive supranuclear palsy is generally classified as
a movement disorder characterized by extrapyramidal
symptoms, axial rigidity, falls and the appearance
of supranuclear gaze palsy. Cognitive impairments
are also evident on mental status testing, however,
and have a predominately frontal executive pattern.
Patients with PSP display impairments in tasks of
executive function, including abstract thought, speed
of information processing, planning, set-shifting and
response initiation (Millar et al., 2006). Bak and col-
leagues (2005) found that PSP was characterized by
a disproportionate impairment in verbal fluency,
particularly letter fluency. The memory pattern of
PSP is also distinct from AD (Fig. 6.2). Although
initial acquisition of information may be slow, reten-
tion over time is good and patients with PSP often
exhibit significant improvements when their memory
is tested using recognition relative to free recall.

Mental status testing also typically reveals behav-
ioral features. Patients with PSP utilize imitation
behavior and demonstrate frontal release signs.
Apathy is typical, and disinhibition is sometimes
reported. Millar et al. (2006) found that patients with
PSP demonstrated changes in apathy, social with-
drawal and independence, but they displayed little
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change in belligerence, social irresponsibility, unco-
operativeness, obstreperousness, anxiety and depres-
sion. Behavioral features are distinguishable from
conditions such as AD by the presence of bradyphre-
nia, gait and balance disturbance, movement disorder,
dysarthria and apathy (Fields, 1998).

Summary
Performing a systematic and complete mental status
examination is crucial when working with patients
with dementia and should include level of conscious-
ness, physical appearance and emotional status,
attention, expressive and receptive language, memory,
constructional ability, executive functioning and
abstract reasoning (Strub and Black, 2000). A system-
atic mental status examination can help to differentiate
between patients with neurodegenerative diseases
and changes of normal aging and help to ascertain
dementia severity. Importantly, noting the patterns of
performance on mental status testing can be a helpful
part of the process of differentiating between the
different neurodegenerative disorders.
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Chapter

7 Neuropsychiatric features of dementia

Edmond Teng, Gad A. Marshall and Jeffrey L. Cummings

Introduction
Neuropsychiatric symptoms are a common problem
in dementia. Epidemiological studies indicate that
approximately 60% of demented subjects in the com-
munity exhibit some degree of psychopathology.1

Among specific populations of subjects diagnosed
with frontotemporal dementia (FTD) or advanced
Alzheimer's disease (AD), the prevalence of behavioral
pathology increases to 95%.2,3 The most frequently
reported behavioral symptoms include apathy, agita-
tion and depression.1

The significant contributions of neuropsychiatric
symptoms to the more common dementia syndromes
are reflected by their prominent role in the diagnosis
of these conditions. Behavioral symptoms are primary
components of the diagnostic criteria for FTD4 and
dementia with Lewy bodies (DLB)5 and are among the
secondary supportive factors in the diagnostic criteria
for AD6 and vascular dementia (VaD).7 Disturbances
in behavior have also been reported in mild cognitive
impairment (MCI),8 Parkinson's disease with dementia
(PDD),9 progressive supranuclear palsy (PSP)10 and
corticobasal degeneration (CBD).11

While the severity of a dementing illness is often
determined using cognitive criteria, behavioral dis-
turbances are responsible for a substantial proportion
of the morbidity caused by different dementia syn-
dromes. Caregivers for patients with dementia find
behavioral abnormalities significantly more troubling
than cognitive deficits.12 The presence of neuropsy-
chiatric symptoms correlates with increased rates of
institutionalization,13 cost of care14 and caregiver stress
and burden.15,16

The behavioral disruptions seen in dementia are
not simply an inevitable consequence of worsening
cognitive impairment. Although neuropsychiatric

symptoms are often seen with greater frequency and
severity in the later stages of dementing illnesses,2 the
clinical course of different behavioral symptoms is
often heterogeneous and does not correlate closely
with the severity of cognitive or functional impair-
ment.17,18 Longitudinal studies suggest that while cog-
nitive and functional declines in dementia are gradually
but inexorably progressive, individual behavioral
symptoms may wax and wane, with a high rate
of recurrence after onset.17,19 Neuropathological and
functional neuroimaging studies demonstrate that
behavioral abnormalities correlate with degenerative
changes and dysfunction in specific brain regions.20,21

Taken together, these findings indicate that neuro-
psychiatric disturbances in dementia are independent
from concurrently worsening cognitive deficits and
represent separate manifestations of the underlying
disease processes.

Assessment
While clinical assessments of the wide range of neuro-
psychiatric symptoms seen in dementia incorporate
the patient's subjective impressions and the physician's
behavioral observations, many of the more reliable
standardized instruments for measuring psychopatho-
logy rely primarily upon caregiver interviews. Most of
these rating tools have been specifically developed for
use with dementia patients, but a few, such as the
Hamilton Depression Rating Scale,22 were originally
devised for use with other psychiatric populations.
A number of the most frequently used scales are listed
in Table 7.1. Behavioral rating scales typically fall into
two different categories. Some focus on evaluating
specific categories of abnormal behaviors with precise
detail, such as the Cohen–Mansfield Agitation Inven-
tory,23 the Cornell Scale for Depression in Dementia24

and the Apathy Inventory.25 Other commonly used
instruments, including the Behavioral Pathology in
Alzheimer’s Disease Rating Scale (BEHAVE-AD),26

the Neuropsychiatric Inventory (NPI)27,28 and the
Behavioral Rating Scale for Dementia (BRSD),29 are
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designed to capture a broad cross-section of different
varieties of behavioral disturbances.

The BEHAVE-AD examines 25 symptoms arranged
in seven clusters: paranoid and delusional ideation,
hallucinations, aggressiveness, activity disturbances,
diurnal rhythm disturbances, affective disturbances,
and anxiety and phobias.26 The NPI evaluates 12
categories of psychopathology: delusions, hallucin-
ations, agitation/aggression, depression/dysphoria,
anxiety, elation/euphoria, apathy/indifference, disin-
hibition, irritability, aberrant motor behavior, night-
time behaviors, and appetite/eating behaviors.28 The
BRSD assesses 46 behaviors grouped into six subscales:
depressive symptoms, inertia, vegetative symptoms,
irritability and aggression, behavioral dysregulation,
and psychotic symptoms.29 The BEHAVE-AD and
NPI have been particularly useful for monitoring the
longitudinal course of behavioral symptoms and their
response to various treatments.

Behavioral syndromes
Individual patients often exhibit multiple behavioral
disturbances simultaneously. A number of studies
have employed factor analysis to identify abnormal
behaviors that group together into specific symptom
clusters. Five distinct behavioral syndromes emerge
from a survey of this literature: aggression, depres-
sion, apathy, motor hyperactivity and psychosis.30

This section will describe the individual symptoms
that make up these syndromes as well as other com-
monly reported behavioral symptoms that do not fit
neatly into this classification scheme. It will also
review the functional imaging and neuropathological
evidence for the localization of the underlying neuro-
logical substrates for these behaviors.

Aggression
This syndrome encompasses physically and verbally
aggressive behaviors, irritability and disinhibition.
Physically aggressive behavior includes such actions
as hitting, biting, spitting and throwing of objects,
while verbally aggressive behavior involves cursing
or other forms of verbal abuse.23 Increased irritability
typically manifests with frequent arguments, pouting,
sulking and angry loud outbursts.31 Disinhibited
behavior is most commonly seen in FTD, with
reported prevalences as high as 75%,3,32 but it can also
be seen in over 50% of patients with PSP.33 Disinhibi-
tion frequently impacts social behavior, resulting in
excessive friendliness, inappropriate comments and

Table 7.1. Rating scales used for the evaluation of
neuropsychiatric symptoms in dementia

Behavior Rating scale

Specific
behaviors

Agitated Behavior Inventory for Dementia

Agitation–Calmness Evaluation Scale

Apathy Inventory

Apathy Scale

Bech–Rafaelsen Mania Scale

Cohen–Mansfield Agitation Inventory

Cornell Scale for Depression in Dementia

Dementia Psychosis Scale

Disinhibition Scale

Frontal Behavior Inventory

Frontal Systems Behavior Scale

Geriatric Depression Scale

Hamilton Rating Scale for Depression

Hamilton Rating Scale for Anxiety

Irritability Scale

Middelheim Frontality Scale

Overt Aggression Scale

Social Dysfunction and Aggression Scale

Multiple
behaviors

Alzheimer's Disease Assessment Scale:
Noncognitive Subscale

Behavior Observation Scale for Intramural
Psychogeriatric Patients

Behavior and Emotional Activities Manifested
in Dementia

Behavioral Pathology in Alzheimer’s Disease
Rating Scale

Behavioral Rating Scale for Dementia

Behavioral Symptoms Scale for Dementia

Brief Psychiatric Rating Scale

Columbia University Scale for Psychopathology
in Alzheimer's Disease

Comprehensive Psychopathological Rating
Scale

Dementia Behavior Disturbance Scale

Manchester and Oxford Universities Scale for
Psychopathological Assessment of Dementia

Neurobehavioral Rating Scale

Neuropsychiatric Inventory

Positive and Negative Syndrome Scale

Present Behavior Examination

Revised Memory and Behavior Problem
Checklist

Troublesome Behavior Scale
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violation of interpersonal norms.28 Sexual behaviors
can also be exaggerated by disinhibition, giving rise
to compulsive masturbation, self-exposure of genitalia
or inappropriate sexual advances and touching. These
behavioral disturbances may be extremely disturbing
for caregivers and family members and can result in
legal consequences for the patient.34,35 The frequency
and severity of aggressive behavior among demented
patients are strongly correlated with overall levels of
caregiver burden and stress.16,36

Single-photon emisson computed tomography
(SPECT) and positron emission tomography (PET)
studies have revealed relative hypoperfusion and
hypometabolism in the frontal and temporal lobes
among demented subjects who exhibit symptoms of
aggression or disinhibition.37–40 Neuropathological
data corroborate some of these findings. Autopsy stud-
ies of patients with AD who had been aggressive have
found increased neurofibrillary tangle deposition in the
orbitofrontal and anterior cingulate cortices.21

Depression
Depressive symptoms are highly prevalent in demen-
tia, particularly in CBD, where over 70% of patients
exhibit some degree of dysphoria.11 The depressive
symptomatology experienced by demented subjects is
similar to that seen in depressed elderly control sub-
jects and is significantly different from that reported
by younger depressed subjects.41 Anhedonia, diffi-
culty initiating and sustaining activities and decreased
confidence and self-esteem are more common among
patients with dementia, while sadness, feelings of guilt
and suicidality are less prominent.42 Overall, depres-
sion in elderly and demented populations is more
transient and less intense than that seen in younger
populations.43 These differences have spurred the
development of formal diagnostic criteria that are
specific for depression in AD. The primary differences
between these criteria and the conventional criteria
for major depression are the fewer total symptoms
required and the inclusion of depressive symptoms
that are more prevalent in dementia, such as irritabil-
ity, withdrawal, social isolation and decreased pleasure
with social contact.44

Among demented subjects, the presence of
depression correlates strongly with the presence
of anxiety.16,45 The most common manifestations
are excessive worrying, apprehension and fearfulness,
particularly the fear of being left alone.45,46 While
depression and anxiety both engender moderate levels
of caregiver distress in AD,47 depressive symptoms

are far more distressing for caregivers of patients
with FTD.16

The specific functional localization of depression
in dementia remains uncertain. One PET study in
patients with AD has identified relative hypometabo-
lism in the frontal and anterior cingulate cortices, a
finding that is consistent with other reports of cere-
bral metabolic dysfunction in primary and secondary
depressive syndromes.20 However, SPECT studies
in AD and PET studies in FTD have implicated other
regions, including parietal and right temporal
regions.37,40 Autopsy studies have not revealed any
correlations between cortical neuropathology and
depressive symptomatology. Instead, the primary
degenerative changes associated with depression in
dementia are found among the aminergic neurons
of the substantia nigra and the dorsal raphe nucleus.
The cholinergic neurons in the nucleus basalis of
Meynert are relatively spared. These findings are
reinforced by neurochemical evidence of decreased
norepinephrine and serotonin levels and relatively
preserved choline acetyltransferase levels in the cor-
tical and subcortical regions of depressed dementia
patients.48 These results suggest that the degenerative
changes seen in the brainstem are likely to modulate
the metabolic abnormalities seen in the cortical
regions. The divergent conclusions generated by dif-
ferent SPECT and PET studies may reflect differences
between the assessment tools used to quantify the
frequency and severity of depressive symptoms and
the transitory nature of depression in dementia.

Apathy
Apathy has been identified as the most common
behavioral disturbance across multiple dementia
syndromes. Over 25% of all demented subjects in a
community-based epidemiological study1 and over
70% of subjects with AD,2 FTD,3 DLB32 or PSP10

recruited from subspecialty clinics exhibited symp-
toms of apathy. Although the neurovegetative features
of apathetic and depressive syndromes appear to
overlap, apathy in dementia has been shown to
be a separate behavioral entity.49 Symptoms that are
particularly useful for distinguishing between apathy
and depression include decreased emotional respon-
siveness, increased indifference and the lack of social
engagement.50

Converging data from the examination of the
neuroanatomical correlates of apathy in dementia
further reinforce the concept that apathy represents
a discrete behavioral syndrome. Several investigators
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using SPECT and PET techniques have reported that
increasing levels of apathy in AD and FTD correlate
with hypoperfusion and hypometabolism in the
anterior cingulate and frontal cortices.39,51–53 Further
subdivision of apathy in AD into discrete types of
apathetic behavior has yielded additional insights into
the localization of these symptoms. Emotional blunting
corresponds with left superior frontal hypoperfusion;
lack of interest correlates with bilateral middle frontal
gyrus hypoperfusion; and lack of initiative correlates
with right anterior cingulate hypoperfusion.54 These
findings are also supported by neuropathological
investigations of apathy in AD, which show signi-
ficant correlations between neurofibrillary tangle
density in the anterior cingulate cortex and increased
frequency and severity of apathetic symptoms.55

Motor hyperactivity
A wide variety of aberrant motor behaviors can be
seen with progressive dementia. Non-aggressive agi-
tated behaviors such as inappropriate dressing and
disrobing and constant requests for attention are a
frequent cause of frustration among caregivers.23

Wandering and other forms of motor restlessness
may also become increasingly problematic as demen-
tia severity increases; these appear to correlate with
diminishing visuospatial abilities. Excessive pacing,
nocturnal ambulation, attempts to leave the house
or nursing home, walking with an inappropriate
purpose or frequency and walking off during meals are
examples of such activities.56 An assortment of stereo-
typed behaviors may also be observed, particularly
in patients with FTD, which can involve the repeated
use of identical phrases, obsessive hoarding and collect-
ing or a strict adherence to customary routines.57

Our understanding of the neurological substrates
of motor hyperactivity in dementia remains under-
developed. A single SPECT study of wandering
behavior in AD produced the counterintuitive finding
of left parietotemporal hypoperfusion.58 Increases in
aberrant motor activity correlate with higher neuro-
fibrillary tangle counts in the left orbitofrontal cortex,
which may reflect a component of disinhibition driving
such behaviors.21 Additional research will be required
to unravel the clinicopathological correlates for this
constellation of neuropsychiatric symptoms.

Psychosis
Hallucinations and delusions are most common in
DLB, with each of these disturbances occurring in
over 50% of patients. However, these disturbances are

also present in AD and other dementias.59 Psychotic
symptoms, particularly delusions, contribute dispro-
portionately to the overall morbidity of a dementing
illness and increase the likelihood of institutionaliza-
tion.13 Delusional thinking is often non-bizarre in
content and consists primarily of misidentifications
and paranoid ideation. Frequently reported misiden-
tifications include the belief that images seen on the
television are occurring in the patient's home (picture
sign), that imposters have replaced the patient's
family and friends (Capgras syndrome) and that the
patient's house is not their home. Paranoid delusions
can involve the belief that the patient's spouse is
having an affair (infidelity), that someone is stealing
the patient's things (theft) or that a stranger is living
in the patient's house (phantom boarder syndrome).
Hallucinations are most often visual or auditory in
nature; olfactory and tactile phenomena are distinctly
less common.59 Visual hallucinations are typically
complex, well formed and in color; they can depict
familiar or anonymous people, animals or parts of the
body.60,61 Auditory hallucinations commonly consist
of hearing the voices of persons who are either
deceased or not in the room.60

Functional imaging of psychotic behavior in
demented subjects has implicated a wide swath of
potentially dysfunctional areas in the frontal, cingu-
late and parietal regions of the brain.37,62 Specific
studies of visual hallucinations in AD and DLB using
SPECT techniques have revealed more focal regions
of hypoperfusion in the posterior portions of the
brain, including the occipital, parietal and posterior
cingulate cortices.63–65 Likewise, while SPECT studies
that combined different types of delusion found
broader abnormalities in the frontal and temporal
lobes,63,66 investigations with SPECT and PET limited
to specific categories of delusional thinking have
yielded more circumscribed areas of hypoperfusion
and hypometabolism, concentrated primarily in the
frontal lobes.67,68 These findings suggest that individ-
ual psychotic phenomena result from discrete patterns
of cortical dysfunction. Neuropathological and neuro-
chemical analyses of psychotic psychopathology in AD
and DLB have also reported abnormalities in the
frontal and medial temporal lobes that, in some cases,
can distinguish between different types of delusion
and hallucination.69–72

Other symptoms
A number of the neuropsychiatric symptoms seen
in demented patients do not fit neatly into this
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classification scheme. These include euphoria, appetitive
disturbances and sleep abnormalities.

Symptoms of abnormally elevated mood are rela-
tively rare in most dementia syndromes. Common
manifestations include inappropriate happiness,
humor and laughter. Clinically significant mania is
only slightly more prevalent in the overall demented
population than the general elderly population.73,74

Euphoria and mania/hypomania are seen most often
in patients with FTD32 as up to 40% of subjects
exhibit such behaviors.3 Studies in the FTD popula-
tion using SPECT have demonstrated that hypomanic
behavior correlates with bilateral temporal lobe hypo-
perfusion,53 whereas case reports of secondary mania
in neurological disorders have implicated frontal lobe
pathology.75

A variety of disturbances in appetite and eating
behaviors frequently emerges with dementia progres-
sion, particularly in AD and FTD. Early in the course
of AD, a small proportion of patients may experience
significant weight gain as a result of hyperorality,
insatiable cravings for sweets and gorging behavior.
Later in the disease, most patients experience weight
loss, which is most often multifactorial in etiology.
Depressive symptoms can lead to decreased nutri-
tional intake and anorexia, while increased motor
activity and restlessness can generate increased caloric
requirements.76 Among those with FTD, the most
common appetitive disorders include gluttony and
indiscriminate eating. Patients with semantic demen-
tia (SD) become significantly more selective in the
foods that they are willing to consume.77 In end-stage
dementia, patients may develop visual agnosias,
which can interfere with their ability to identify food
items, or motor apraxias, which can interfere with
the functional skills required for self-feeding or
the coordination necessary to synchronize chewing
and swallowing. These patients may require the place-
ment of a gastric tube to achieve adequate nutritional
support.76

Sleep disturbances are a common and difficult
problem in dementia, and these can be a major factor
leading to increased caregiver distress and rates
of institutionalization.78 Sleep/wake rhythms are
frequently disrupted among demented subjects, resulting
in frequent daytime napping, prolonged night-time
wakefulness and multiple nocturnal awakenings.79

Rapid eye movement (REM) sleep-behavior disorder
is reported in over 50% of all patients with DLB
or PDD but is rarely seen in other dementing condi-
tions. It is characterized by the expression of bodily

movements associated with dream re-enactment and
is linked to the loss of the normal skeletal muscle
atonia that is usually present during REM sleep.
Neuropathological studies have found that the symp-
toms of REM sleep-behavior disorder correlate with
the presence of Lewy bodies and degeneration of
brainstem nuclei.80

Neuropsychiatric profiles of specific
dementia syndromes
There is significant overlap in the manifestation
of individual neuropsychiatric symptoms among the
different dementia syndromes. However, the overall
patterns of behavioral disturbances for each dement-
ing disorder can be quite distinctive. The different
behavioral patterns seen with different dementia etio-
logies reflect the different patterns of regional degen-
eration and cerebral dysfunction across diseases. This
section reviews the most prominent psychopatho-
logical features of each of the common degenerative
and vascular dementia syndromes.

Alzheimer's disease
Neuropsychiatric symptoms have been most inten-
sively studied in patients with AD. The most common
symptoms in this population include apathy, aggres-
sion and anxiety.2 The prevalence of these symptoms
varies according to the specific population studied.
Community-based epidemiological studies report
lower levels of psychopathology, while convenience
samples based in memory disorder clinics exhibit a
higher prevalence of behavioral symptomatology.1,2

Cross-sectional studies suggest that the qualitative
and quantitative characteristics of neuropsychiatric
disturbances evolve over the course of the disease
(Fig. 7.1). In mild AD and putative preclinical AD
conditions such as MCI, apathy, depression, irritabil-
ity and anxiety are typically the most prominent
symptoms, but fewer behavioral abnormalities are
reported overall.2,8 Among patients with moderate
to severe AD, virtually all subjects exhibit some
behavioral abnormalities, and symptoms such as
agitation, anxiety and motor hyperactivity become
increasingly prominent.2 While the overall frequency
of symptoms is greatest in patients with severe AD,2

it appears to decrease among patients with end-stage
AD, perhaps because their increasing functional
impairments limit their ability to exhibit behavioral
pathology.81
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These cross-sectional studies suggest that the
frequency and severity of behavioral symptoms pro-
gressively increase as cognitive function declines
in AD. However, longitudinal assessments indicate
that the evolution of neuropsychiatric symptoms is
much more variable than the decline seen in cognitive
and functional domains.18 Behavioral abnormalities
fluctuate over time in both frequency and severity,
and individual symptoms often demonstrate an epi-
sodic course rather than a progressive deterioration.17

Once a specific symptom emerges, it is likely to be
recurrent rather than continuously present.19

Vascular dementia
The neuropsychological deficits produced by VaD
can be quite variable, depending upon the specific
brain regions that are affected by cerebrovascular
disease. The neuropsychiatric symptoms seen in
VaD are similarly diverse. Across studies, depression,
apathy and irritability are among the most consist-
ently problematic behavioral abnormalities.82–84

Quantitative comparisons of overall psychopathology
between VaD and AD have produced conflicting
results, with some studies suggesting that behavioral
disturbances are more problematic in VaD,82 and

others reporting a similar frequency and severity of
symptoms in VaD and AD.83,84 Likewise, although
some investigators have found that depression, apathy
and anxiety are more common in VaD and delusions
are more prevalent in AD,1,83,85 others have not found
significant differences in the frequencies of individual
behaviors.84,86

The specific profile of neuropsychiatric deficits for
a given patient may depend on the underlying pattern
of cerebrovascular disease present in the brain.
Imaging studies in non-demented elderly populations
have demonstrated a greater prevalence of deep white
matter microvascular ischemic changes in the frontal
lobes of depressed subjects relative to non-depressed
controls.87 However, a recent analysis of behavioral
symptoms in demented subjects with cortical versus
subcortical loci of ischemic changes did not reveal
distinctive patterns of psychopathology between these
two groups (Fig. 7.2). Although subjects with cortical
VaD exhibited more frequent and severe behavioral
abnormalities, these differences appeared to be related
to their more profound cognitive impairments.84

More precise characterization of the association
between the localization of ischemic disease and spe-
cific behavioral syndromes may be needed to develop
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Fig. 7.1. Prevalence of neuropsychiatric symptoms in subjects with mild cognitive impairment (MCI) and subjects with mild, moderate,
or severe Alzheimer's disease (AD). (Data derived from Mega et al. [1996]2 and Hwang et al. [2004].8)
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a better understanding of the variability of neuropsy-
chiatric symptoms in VaD.

Frontotemporal lobar degeneration
Frontotemporal lobar degeneration (FTLD) encom-
passes a spectrum of cognitive and behavioral disorders
that result from selective deterioration in regions of the
frontal and temporal lobes. Three discrete clinical syn-
dromes have been described: FTD, which is associated
with predominantly frontal lobe degeneration; SD,
which is correlated with predominantly anterior tem-
poral lobe degeneration; and progressive non-fluent
aphasia (PNFA), which is more specifically related to
left posterior frontal lobe degeneration.77,88

Personality, emotional and behavioral changes are
among the core diagnostic criteria for FTD.4 Apathy,
motor hyperactivity, disinhibition and hyperphagia
are consistently among the most commonly reported
behavioral disturbances in FTD.3,16,77 Other distinc-
tive behavioral features of FTD include diminished
ability to demonstrate basic emotions, loss of insight
and social awareness, complex ritualized activity and
overtly sociopathic behavior.35,57,77 Comparisons of
the neuropsychiatric features of FTD and AD indicate

that significantly more behavioral pathology is seen
in FTD.89 Symptoms such as disinhibition, apathy,
euphoria and aberrant motor activity are seen more
commonly in FTD, while depression and delusions
are more characteristic of AD.3,32,89,90

The cognitive dimensions of SD that distinguish
it from the other syndromes of frontotemporal lobar
degeneration include progressive fluent aphasia and
associative visual agnosia. Clinically, the cognitive
features of SD are more prominent than the behav-
ioral symptoms. However, the overall frequency and
severity of neuropsychiatric features are relatively
similar between SD and FTD.3,90 When specific cat-
egories of behavioral disturbances are compared
(Fig. 7.3), patients with SD are more likely to be
depressed, while patients with FTD are more likely
to be apathetic.3 Other investigators, using different
methodologies, have found other differences between
SD and FTD that are not reflected in Fig. 7.3. These
include increased levels of mental rigidity and repeti-
tive/compulsive behaviors in SD, and higher frequen-
cies of disinhibition and gluttony in FTD.77,90

Patients with PNFA present with an expressive
language deficit but initially have otherwise preserved
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(Data derived from Fuh et al. [2005].84)
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cognitive and social functioning. The neuropsychiatric
features of PNFA have been less well characterized
than the other disorders of FTLD. At disease onset,
subjects with PNFA display significantly fewer behav-
ioral symptoms than subjects with FTD. However,
longitudinal follow-up of these subjects indicates that,
over a span of 3 years, there are significant increases
in apathy, disinhibition, restlessness and aggression
in the PNFA group. As FTD and PNFA progress in
severity, their cognitive and behavioral profiles
become increasingly similar.91

Dementia with Lewy bodies
and Parkinson's disease with dementia
Both DLB and PDD are characterized by dementia,
parkinsonism and the presence of cortical and brain-
stem Lewy bodies, which represent pathologic accumu-
lations of a-synuclein protein. These two nosological
entities differ in their initial presentation: cognitive
symptoms appear prior to or concurrent with parkin-
sonian symptoms in DLB, while Parkinson's disease
is well established prior to the onset of dementia in
PDD.5 However, clinical and neuropathological find-
ings in DLB and PDD show significant convergence
with disease progression, raising the possibility that
they are different manifestations of a common neuro-
degenerative process.92

Particularly distinctive features of DLB include the
presence of fluctuating levels of alertness, frequent
visual hallucinations, marked sensitivity to neurolep-
tic medications and REM sleep-behavior disorder.5

Other significant neuropsychiatric symptoms that
are often identified among those with DLB include
delusions, auditory hallucinations, apathy and aber-
rant motor behavior.32,59 The overall prevalence of
behavioral abnormalities is higher among patients
with DLB than among patients with AD.32 Psychotic
features most consistently differentiate the behavioral
syndromes seen in DLB and AD. In particular, delu-
sions of misidentification and hallucinations in both
visual and auditory modalities are significantly more
common in DLB than AD.32,59

Patients with PDD initially present with extrapyra-
midal motor symptoms typical of idiopathic Parkinson's
disease but subsequently develop a subcortical dementia
syndrome. The neuropsychiatric features of PDD
resemble those of DLB in that hallucinations, depres-
sion and anxiety are among the most frequently
reported behavioral abnormalities.9 Psychosis is sig-
nificantly more common in PDD than Parkinson's
disease without dementia.92 As the severity of PDD
progresses, subjects experience more delusions but
become less apathetic. Quantitative assessments have
suggested that similar overall levels of psychopathology
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Fig. 7.3. Prevalence of neuropsychiatric symptoms in subjects with frontotemporal dementia (FTD) or semantic dementia (SD).
(Data derived from Liu et al. [2004].3)
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are found in PDD and AD. Hallucinations are more
likely to be reported in PDD, while apathy, agitation,
disinhibition and irritability are more likely to be
reported in AD.9

Comparisons of behavioral pathology between
DLB and PDD (Fig. 7.4) reveal that the prevalence
of hallucinations and delusions is significantly greater
in DLB than PDD. However, the qualitative features
of the psychotic symptoms are similar across the two
groups.92 Other behavioral abnormalities that are seen
more commonly in DLB than PDD include apathy and
aberrant motor behavior.32,92 Depressive symptoms
occur with equal frequency in both DLB and PDD
but are particularly common among subjects experi-
encing hallucinations.92

Progressive supranuclear palsy
and corticobasal degeneration
Both PSP and CBD are degenerative dementing con-
ditions that present with prominent extrapyramidal
symptoms. Typical motor manifestations of PSP
include symmetrical axial rigidity, supranuclear gaze
palsy and early falls. However, CBD can be distin-
guished from PSP by its asymmetric rigidity and

dystonia, and the presence of cortical symptoms such
as apraxia, alien limb phenomena or myoclonus.
Although PSP and CBD are both tauopathies, they
produce different patterns of abnormal tau deposi-
tion. Subcortical globose neurofibrillary tangles and
tufted astrocytes are characteristic of PSP, while cor-
tical ballooned neurons, astrocytic plaques and coiled
bodies are characteristic of CBD. Magnetic resonance
imaging studies reveal widespread midbrain and
pontine atrophy in PSP, and asymmetric atrophy of
the basal ganglia and frontoparietal cortex in CBD.93

Despite these clinical and pathological distinctions,
patients with either disorder often exhibit similar
subcortical dementia syndromes, with deficits in frontal
and executive functioning.

The most prominent behavioral abnormalities
in subjects with PSP are apathy and disinhibition.
Psychotic symptoms are exceedingly rare, particularly
relative to other parkinsonian dementia syndromes
such as DLB and PDD.33 While similar overall levels
of psychopathology have been found in PSP and AD,
patients with PSP have a significantly higher preva-
lence of apathy, while patients with AD are more
likely to exhibit delusions, agitation, anxiety and
irritability.10
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Corticobasal degeneration is characterized by a
high frequency of depressive symptomatology. Other
categories of behavioral disruptions often reported by
caregivers include apathy, irritability and agitation.11

The frequency and severity of behavioral symptoms
in CBD is similar to that seen in mild AD. However, in
CBD, much like in PSP, the frequencies of anxiety,
agitation and delusions are lower than those reported
for AD.2,11 While the neuropsychological profiles of
CBD and PSP may be similar, the neuropsychiatric
profiles are distinct (Fig. 7.5). Patients with CBD are
much more likely to be depressed compared with
patients with PSP, who are often significantly more
apathetic or disinhibited.11,33

Treatment
Mild to moderate reductions in the neuropsychiatric
symptoms associated with dementia have been achie-
ved with both pharmacological and non-pharmaco-
logical treatments. Given the wide spectrum of
behavioral disturbances seen in demented subjects, it
is perhaps not surprising that different classes of
abnormal behavior are likely to respond to different
treatment modalities. Successful management strat-
egies often must be individualized for each patient

and may require a combination of pharmacological
and non-pharmacological approaches.94,95

Non-pharmacological therapies should be insti-
tuted either prior to or in conjunction with pharma-
cological therapies. These strategies often seek to
ameliorate the psychosocial and environmental
factors that contribute to the frequency or severity of
neuropsychiatric symptomatology. A broad range of
different approaches has been investigated, including
sensory enhancement and relaxation techniques
such as massage, music or white noise; increased
social contact, including one-to-one interactions and
simulated family videos; behavior therapy, which
encompasses differential reinforcement and stimulus
control techniques; caregiver education; structured
activities such as formal recreation and physical exercise
routines; environmental enhancement, with decreased
stimulation levels and more familiar surroundings;
and specific medical and nursing interventions involv-
ing light therapy, minimization of restraints or opti-
mized pain management. Although most studies report
some improvement in behavioral symptoms, many are
neither rigorously blinded nor well controlled. Direct
comparisons of different protocols often favor those
that emphasize increased social interaction.96
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(CBG). (Data derived from Aarsland et al. [2001]33 and Litvan et al. [1998].11)

Section 1: Introduction

94



Several classes of medication have been shown
to be effective in reducing abnormal behaviors in
dementia, including cholinesterase inhibitors, anti-
depressants and antipsychotics. The selection of the
appropriate pharmacological treatment should be
tailored to the specific symptoms that are the most
problematic. Since elderly patients are often taking
multiple drugs and can be very sensitive to medica-
tion effects, new agents often need to be started at low
doses and escalated slowly.

Cholinesterase inhibitors, such as donepezil, rivas-
tigmine and galantamine, are appealing treatments as
they are effective for delaying cognitive and functional
decline as well as for reducing psychopathology. The
use of cholinesterase inhibitors has consistently been
shown to produce modest reductions in the overall
frequency and severity of neuropsychiatric symptoms
in AD, VaD, DLB and PDD.97,98 The most robust
improvements have been seen with apathy and hallu-
cinations.99 Memantine, a non-competitive N-methyl-
D-aspartate (NMDA) receptor antagonist approved for
the treatment of cognitive and functional deterioration
in moderate-to-severe AD, may also further delay the
progression of behavioral disturbances when used
alone or in conjunction with donepezil.100

When studied inADpopulations, serotonin selective-
reuptake inhibitors (SSRIs) such as citalopram and
sertraline are effective primarily for depressive symp-
toms.98 Tricyclic antidepressants, including imipra-
mine and amitryptiline, demonstrate similar efficacy
for treating depression in patients with AD, but their
less favorable side-effect profiles, especially their anti-
cholinergic effects, may preclude their use as first-line
agents.101,102 When used in FTD, SSRIs and other
antidepressants such as trazodone and selegiline
may provide more substantial benefits across a wider
array of behavioral disturbances. However, the inter-
pretation of these more preliminary studies is limited
by their small size and predominantly open-label
designs.103 Mood-stabilizing agents such as carbama-
zepine and valproate may be helpful for the control of
agitation, but their utility is complicated by multiple
drug–drug interactions and a relatively high incidence
of adverse events.98

Antipsychotic agents have frequently been used to
treat behavioral disturbances in dementia. Typical anti-
psychotic drugs, particularly haloperidol, demonstrate
specific efficacy for the treatment of aggression. Atyp-
ical antipsychotic drugs, such as olanzapine, quietiapine
and risperidone, have been shown to decrease the fre-
quency and severity of a wider spectrum of symptoms,

including agitation, aggression, hallucinations and
delusions.98 Despite the wide range of efficacy that
has been demonstrated with this group of medica-
tions, there are a number of issues that may limit
their use. Typical antipsychotics can often cause
significant sedation and extrapyramidal symptoms,
which may diminish their behavioral benefits.98

Particular care should be exercised when treating
patients with DLB with neuroleptic agents owing to
their marked sensitivity to the adverse effects associ-
ated with these medications.5 Recent concerns have
centered on a meta-analysis that revealed a small but
statistically significant increase in the risk of overall
mortality among elderly dementia patients treated
with atypical antipsychotic agents.104 These findings
prompted the US Food and Drug Administration to
issue a “black box” warning covering all available
atypical antipsychotic medications, which highlighted
this risk and emphasized that these medications are
not formally approved for the treatment of behavioral
disorders in patients with dementia.105 Although this
warning was not extended to the typical antipsychotic
drugs, subsequent analyses have found that the
increased mortality rates associated with the use of
these drugs in elderly subjects may be even greater
than those seen with atypical antipsychotic agents.106

Given the relative small effect size and uncertain
etiology for the increased mortality rates uncovered
in these studies, the judicious use of antipsychotic
medications may still be warranted in a subset of
patients with behavioral symptoms of appropriate
severity that have not improved despite other
interventions.

Summary
Neuropsychiatric symptoms are a significant source
of increased morbidity, caregiver stress and cost
of care in dementia. Frequently reported behavioral
syndromes include aggression, depression, apathy,
motor hyperactivity and psychosis. Individual symp-
toms correlate with specific patterns of regional cere-
bral dysfunction and degenerative changes. Distinctive
patterns of psychopathology are seen in different
dementing disorders and may be related to the ana-
tomical localization of the degenerative changes
characteristic of each disease. Pharmacological and
non-pharmacological treatment interventions may
help to reduce the frequency, severity and impact
of these symptoms for both the patient and the
caregiver.

Chapter 7: Neuropsychiatric features of dementia

95



Acknowledgements
Preparation of this chapter has been supported by
the National Institute on Aging (P50 AG 16570), the
Alzheimer's Disease Research Centers of California
and the Sidell–Kagan Foundation.

Disclosures: Drs. Teng and Marshall have nothing
to disclose. Dr. Cummings has provided consultation
to the following pharmaceutical companies: Avanir,
AstraZeneca, Eisai, EnVivo, Forest, Janssen, Lilly,
Lundbeck, Merz, Myriad, Neurochem, Novartis, Ono,
Pfizer, Sanofi-Aventis, Sepracor, and Takeda.

References
1. Lyketsos CG, Steinberg M, Tschanz JT et al. Mental and

behavioral disturbances in dementia: findings from the
Cache County Study on Memory in Aging. American
Journal of Psychiatry 2000;157(5):708–14.

2. Mega MS, Cummings JL, Fiorello T, Gornbein J. The
spectrum of behavioral changes in Alzheimer's disease.
Neurology 1996;46(1):130–5.

3. Liu W, Miller BL, Kramer JH et al. Behavioral disorders
in the frontal and temporal variants of frontotemporal
dementia. Neurology 2004;62(5):742–8.

4. Neary D, Snowden JS, Gustafson L et al. Frontotemporal
lobar degeneration: a consensus on clinical diagnostic
criteria. Neurology 1998;51(6):1546–54.

5. McKeith IG, Dickson DW, Lowe J et al. Diagnosis
and management of dementia with Lewy bodies: third
report of the DLB Consortium. Neurology 2005;
65(12):1863–72.

6. McKhann G, Drachman D, Folstein M et al. Clinical
diagnosis of Alzheimer's disease: report of the
NINCDS–ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force
on Alzheimer's Disease. Neurology 1984;34(7):939–44.

7. Roman GC, Tatemichi TK, Erkinjuntti T et al. Vascular
dementia: diagnostic criteria for research studies.
Report of the NINDS–AIREN International Workshop.
Neurology 1993;43(2):250–60.

8. Hwang TJ, Masterman DL, Ortiz F, Fairbanks LA,
Cummings JL. Mild cognitive impairment is associated
with characteristic neuropsychiatric symptoms. Alzheimer
Disease and Associated Disorders 2004;
18(1):17–21.

9. Aarsland D, Cummings JL, Larsen JP. Neuropsychiatric
differences between Parkinson's disease with dementia
and Alzheimer's disease. International Journal of
Geriatric Psychiatry 2001;
16(2):184–91.

10. Litvan I, Mega MS, Cummings JL, Fairbanks L.
Neuropsychiatric aspects of progressive supranuclear
palsy. Neurology 1996;47(5):1184–9.

11. Litvan I, Cummings JL, Mega M. Neuropsychiatric
features of corticobasal degeneration. Journal
of Neurology, Neurosurgery and Psychiatry 1998;
65(5):717–21.

12. Deimling GT, Bass DM. Symptoms of mental
impairment among elderly adults and their effects
on family caregivers. Journal of Gerontology 1986;
41(6):778–84.

13. Yaffe K, Fox P, Newcomer R et al. Patient and caregiver
characteristics and nursing home placement in patients
with dementia. Journal of the American Medical
Association 2002; 287(16):2090–7.

14. Beeri MS, Werner P, Davidson M, Noy S. The cost of
behavioral and psychological symptoms of dementia
(BPSD) in community dwelling Alzheimer's disease
patients. International Journal of Geriatric Psychiatry
2002;17(5):403–8.

15. Coen RF, Swanwick GR, O'Boyle CA, Coakley D.
Behaviour disturbance and other predictors of carer
burden in Alzheimer's disease. International Journal of
Geriatric Psychiatry 1997;12(3):331–6.

16. Mourik JC, Rosso SM, Niermeijer MF, Duivenvoorden
HJ, van Swieten JC, Tibben A. Frontotemporal
dementia: behavioral symptoms and caregiver distress.
Dementia Geriatric Cognitive Disorders 2004;18(3–4):
299–306.

17. Marin DB, Green CR, Schmeidler J et al. Noncognitive
disturbances in Alzheimer's disease: frequency,
longitudinal course, and relationship to cognitive
symptoms. Journal of the American Geriatrics Society
1997;45(11):1331–8.

18. Tractenberg RE, Weiner MF, Cummings JL, Patterson
MB, Thal LJ. Independence of changes in behavior from
cognition and function in community-dwelling persons
with Alzheimer's disease: a factor analytic approach.
Journal of Neuropsychiatry and Clinical Neurosciences
2005;17(1):51–60.

19. Levy ML, Cummings JL, Fairbanks LA et al.
Longitudinal assessment of symptoms of depression,
agitation, and psychosis in 181 patients with
Alzheimer's disease. American Journal of Psychiatry
1996;153(11):1438–43.

20. Hirono N, Mori E, Ishii K et al. Frontal lobe
hypometabolism and depression in Alzheimer's disease.
Neurology 1998;50(2):380–3.

21. Tekin S, Mega MS, Masterman DM et al.
Orbitofrontal and anterior cingulate cortex
neurofibrillary tangle burden is associated with
agitation in Alzheimer disease. Annals of Neurology
2001;49(3):355–61.

22. Hamilton M. A rating scale for depression. Journal of
Neurology, Neurosurgery and Psychiatry 1960;23:56–62.

23. Cohen-Mansfield J. Agitated behaviors in the
elderly. II. Preliminary results in the cognitively

Section 1: Introduction

96



deteriorated. Journal of the American Geriatric Society
1986;34(10):722–7.

24. Alexopoulos GS, Abrams RC, Young RC, Shamoian
CA. Cornell Scale for Depression in Dementia.
Biological Psychiatry 1988;23(3):271–84.

25. Robert PH, Clairet S, Benoit M et al. The Apathy
Inventory: assessment of apathy and awareness in
Alzheimer's disease, Parkinson's disease, and
mild cognitive impairment. International Journal of
Geriatric Psychiatry 2002;17:1099–105.

26. Reisberg B, Borenstein J, Salob SP et al. Behavioral
symptoms in Alzheimer's disease phenomenology
and treatment. Journal of Clinical Psychiatry 1987;
48(Suppl):9–15.

27. Cummings JL, Mega M, Gray K et al. The
Neuropsychiatric Inventory: comprehensive
assessment of psychopathology in dementia. Neurology
1994;44(12):2308–14.

28. Cummings JL. The Neuropsychiatric Inventory:
assessing psychopathology in dementia patients.
Neurology 1997;48(Suppl 6):S10–16.

29. Mack JL, Patterson MB, Tariot PN. Behavior Rating
Scale for Dementia: development of test scales and
presentation of data for 555 individuals with
Alzheimer's disease. Journal of Geriatric Psychiatry
and Neurology 1999;12(4):211–23.

30. McShane RH. What are the syndromes of behavioral
and psychological symptoms of dementia? International
Psychogeriatrics 2000;12(Suppl 1):147.

31. Burns A, Folstein S, Brandt J, Folstein M. Clinical
assessment of irritability, aggression, and apathy in
Huntington and Alzheimer disease. Journal of
Nervous and Mental Disease 1990;178(1):20–6.

32. Hirono N, Mori E, Tanimukai S et al. Distinctive
neurobehavioral features among neurodegenerative
dementias. Journal of Neuropsychiatry and Clinical
Neurosciences 1999;11(4):498–503.

33. Aarsland D, Litvan I, Larsen JP. Neuropsychiatric
symptoms of patients with progressive supranuclear palsy
and Parkinson's disease. Journal of Neuropsychiatry and
Clinical Neurosciences 2001;13(1):42–9.

34. Kuhn DR, Greiner D, Arseneau L. Addressing
hypersexuality in Alzheimer's disease. Journal of
Gerontological Nursing 1998;24(4):44–50.

35. Mendez MF, Chen AK, Shapira JS, Miller BL.
Acquired sociopathy and frontotemporal dementia.
Dementia and Geriatric Cognitive Disorders 2005;
20(2–3):99–104.

36. Senanarong V, Cummings JL, Fairbanks L et al.
Agitation in Alzheimer's disease is a manifestation of
frontal lobe dysfunction. Dementia and Geriatric
Cognitive Disorders 2004;17(1–2):14–20.

37. Sultzer DL, Mahler ME, Mandelkern MA et al. The
relationship between psychiatric symptoms and

regional cortical metabolism in Alzheimer's disease.
Journal of Neuropsychiatry and Clinical Neurosciences
1995;7(4):476–84.

38. Hirono N, Mega MS, Dinov ID, Mishkin F, Cummings
JL. Left frontotemporal hypoperfusion is associated
with aggression in patients with dementia. Archives of
Neurology 2000;57(6):861–6.

39. Franceschi M, Anchisi D, Pelati O et al. Glucose
metabolism and serotonin receptors in the
frontotemporal lobe degeneration. Annals of Neurology
2005;57(2):216–25.

40. Mendez MF, McMurtray A, Chen AK et al. Functional
neuroimaging and presenting psychiatric features in
frontotemporal dementia. Journal of Neurology,
Neurosurgery and Psychiatry 2006;77(1):4–7.

41. Chemerinski E, Petracca G, Sabe L, Kremer J, Starkstein
SE. The specificity of depressive symptoms in patients
with Alzheimer's disease. American Journal of
Psychiatry 2001;158(1):68–72.

42. Lyketsos CG, Lee HB. Diagnosis and treatment of
depression in Alzheimer's disease. A practical update
for the clinician. Dementia and Geriatric Cognitive
Disorders 2004;17(1–2):55–64.

43. Katz IR. Diagnosis and treatment of depression
in patients with Alzheimer's disease and other
dementias. Journal of Clinical Psychiatry 1998;
59(Suppl 9):38–44.

44. Olin JT, Schneider LS, Katz IR et al. Provisional
diagnostic criteria for depression of Alzheimer disease.
American Journal of Geriatric Psychiatry 2002;
10(2):125–8.

45. Ferretti L, McCurry SM, Logsdon R, Gibbons L, Teri L.
Anxiety and Alzheimer's disease. Journal of Geriatric
Psychiatry and Neurology 2001;14(1):52–8.

46. Reisberg B, Auer SR, Monteiro I, Boksay I, Sclan SG.
Behavioral disturbances of dementia: an overview
of phenomenology and methodologic concerns.
International Psychogeriatrics 1996;8(Suppl 2):169–80;
discussion 181–2.

47. Fuh JL, Liu CK, Mega MS, Wang SJ, Cummings JL.
Behavioral disorders and caregivers' reaction in
Taiwanese patients with Alzheimer's disease.
International Psychogeriatrics 2001;13(1):121–8.

48. Zubenko GS. Clinicopathologic and neurochemical
correlates of major depression and psychosis in
primary dementia. International Psychogeriatrics 1996;
8(Suppl 3):219–23; discussion 269–72.

49. Starkstein SE, Petracca G, Chemerinski E, Kremer J.
Syndromic validity of apathy in Alzheimer's
disease. American Journal of Psychiatry 2001;
158(6):872–7.

50. Landes AM, Sperry SD, Strauss ME, Geldmacher DS.
Apathy in Alzheimer's disease. Journal of the American
Geriatric Society 2001;49(12):1700–7.

Chapter 7: Neuropsychiatric features of dementia

97



51. Craig AH, Cummings JL, Fairbanks L et al. Cerebral
blood flow correlates of apathy in Alzheimer disease.
Archives of Neurology 1996;53(11):1116–20.

52. Benoit M, Koulibaly PM, Migneco O et al. Brain
perfusion in Alzheimer's disease with and without apathy:
a SPECT study with statistical parametric mapping
analysis. Psychiatry Research 2002;114(2):103–11.

53. McMurtray AM, Chen AK, Shapira JS et al. Variations in
regional SPECT hypoperfusion and clinical features in
frontotemporal dementia. Neurology 2006;66:517–22.

54. Benoit M, Clairet S, Koulibaly PM, Darcourt J, Robert
PH. Brain perfusion correlates of the apathy inventory
dimensions of Alzheimer's disease. International
Journal of Geriatric Psychiatry 2004;19(9):864–9.

55. Marshall GA, Fairbanks LA, Tekin S, Vinters HV,
Cummings JL. Neuropathologic correlates of apathy in
Alzheimer's disease. Dementia and Geriatric Cognitive
Disorders 2006;21(3):144–7.

56. Algase DL. Wandering in dementia. Annual Review of
Nursing Research 1999;17:185–217.

57. Nyatsanza S, Shetty T, Gregory C et al. A study of
stereotypic behaviours in Alzheimer's disease and
frontal and temporal variant frontotemporal dementia.
Journal of Neurology, Neurosurgery, and Psychiatry
2003;74(10):1398–402.

58. Rolland Y, Payoux P, Lauwers-Cances V et al.
A SPECT study of wandering behavior in Alzheimer's
disease. International Journal of Geriatric Psychiatry
2005;20(9):816–20.

59. Simard M, van Reekum R, Cohen T. A review of the
cognitive and behavioral symptoms in dementia with
Lewy bodies. Journal of Neuropsychiatry and Clinical
Neurosciences 2000;12(4):425–50.

60. Sultzer DL. Psychosis and antipsychotic medications in
Alzheimer's disease: clinical management and research
perspectives. Dementia and Geriatric Cognitive
Disorders 2004;17(1–2):78–90.

61. Mosimann UP, Rowan EN, Partington CE et al.
Characteristics of visual hallucinations in Parkinson
disease dementia and dementia with Lewy bodies.
American Journal of Geriatric Psychiatry 2006;
14(2):153–60.

62. Mega MS, Lee L, Dinov ID et al. Cerebral correlates
of psychotic symptoms in Alzheimer's disease. Journal
of Neurology, Neurosurgery and Psychiatry 2000;
69(2):167–71.

63. Kotrla KJ, Chacko RC, Harper RG, Jhingran S,
Doody R. SPECT findings on psychosis in Alzheimer's
disease. American Journal of Psychiatry 1995;
152(10):1470–5.

64. Pasquier J, Michel BF, Brenot-Rossi I et al. Value of
(99m)Tc-ECD SPET for the diagnosis of dementia with
Lewy bodies. European Journal of Nuclear Medicine and
Molecular Imaging 2002;29(10):1342–8.

65. O'Brien JT, Firbank MJ, Mosimann UP, Burn DJ,
McKeith IG. Change in perfusion, hallucinations
and fluctuations in consciousness in dementia
with Lewy bodies. Psychiatry Research 2005;
139(2):79–88.

66. Starkstein SE, Vazquez S, Petracca G et al. A SPECT
study of delusions in Alzheimer's disease. Neurology
1994;44(11):2055–9.

67. Mentis MJ, Weinstein EA, Horwitz B et al. Abnormal
brain glucose metabolism in the delusional
misidentification syndromes: a positron emission
tomography study in Alzheimer disease. Biological
Psychiatry 1995;38(7):438–49.

68. Staff RT, Venneri A, Gemmell HG et al. HMPAO
SPECT imaging of Alzheimer's disease patients with
similar content-specific autobiographic delusion:
comparison using statistical parametric mapping.
Journal of Nuclear Medicine 2000;41(9):1451–5.

69. Perry EK, McKeith I, Thompson P et al. Topography,
extent, and clinical relevance of neurochemical deficits
in dementia of Lewy body type, Parkinson's disease,
and Alzheimer's disease. Annals of the New York
Academy of Sciences 1991;640:197–202.

70. Zubenko GS, Moossy J, Martinez AJ et al.
Neuropathologic and neurochemical correlates of
psychosis in primary dementia. Archives of Neurology
1991;48(6):619–24.

71. Forstl H, Burns A, Levy R, Cairns N. Neuropathological
correlates of psychotic phenomena in confirmed
Alzheimer's disease. British Journal of Psychiatry
1994;165(2):53–9.

72. Harding AJ, Broe GA, Halliday GM. Visual
hallucinations in Lewy body disease relate to Lewy
bodies in the temporal lobe. Brain 2002;125(Pt 2):
391–403.

73. Lyketsos CG, Corazzini K, Steele C. Mania in
Alzheimer's disease. Journal of Neuropsychiatry and
Clinical Neurosciences 1995;7(3):350–2.

74. Depp CA, Jeste DV. Bipolar disorder in older
adults: a critical review. Bipolar Disorders 2004;
6(5):343–67.

75. Gafoor R, O'Keane V. Three case reports of secondary
mania: evidence supporting a right frontotemporal
locus. European Psychiatry 2003;18(1):32–3.

76. Claggett MS. Nutritional factors relevant to Alzheimer's
disease. Journal of the American Dietetic Association
1989;89(3):392–6.

77. Snowden JS, Bathgate D, Varma A et al. Distinct
behavioural profiles in frontotemporal dementia and
semantic dementia. Journal of Neurology, Neurosurgery,
and Psychiatry 2001;70(3):323–32.

78. Bliwise DL. Sleep disorders in Alzheimer's disease
and other dementias. Clinical Cornerstone 2004;
6(Suppl 1A):S16–28.

Section 1: Introduction

98



79. Vitiello MV, Prinz PN. Alzheimer's disease. Sleep and
sleep/wake patterns. Clinics in Geriatric Medicine 1989;
5(2):289–99.

80. Boeve BF, Silber MH, Ferman TJ, Lucas JA, Parisi JE.
Association of REM sleep behavior disorder and
neurodegenerative disease may reflect an underlying
synucleinopathy. Movement Disorders 2001;16(4):
622–30.

81. Reisberg B, Franssen E, Sclan SG, Kluger A, Ferris SH.
Stage specific incidence of potentially remediable
behavioral symptoms in aging and Alzheimer disease.
Bulletin of Clinical Neurosciences 1989;54:95–112.

82. Sultzer DL, Levin HS, Mahler ME, High WM,
Cummings JL. A comparison of psychiatric symptoms
in vascular dementia and Alzheimer's disease.
American Journal of Psychiatry 1993;150(12):
1806–12.

83. Aharon-Peretz J, Kliot D, Tomer R. Behavioral
differences between white matter lacunar dementia
and Alzheimer's disease: a comparison on the
neuropsychiatric inventory. Dementia and Geriatric
Cognitive Disorders 2000;11(5):294–8.

84. Fuh JL, Wang SJ, Cummings JL. Neuropsychiatric
profiles in patients with Alzheimer's disease and
vascular dementia. Journal of Neurology, Neurosurgery
and Psychiatry 2005;76(10):1337–41.

85. Ikeda M, Fukuhara R, Shigenobu K et al. Dementia
associated mental and behavioural disturbances in
elderly people in the community: findings from the first
Nakayama study. Journal of Neurology, Neurosurgery
and Psychiatry 2004;75(1):146–8.

86. Srikanth S, Nagaraja AV, Ratnavalli E. Neuropsychiatric
symptoms in dementia: frequency, relationship to
dementia severity and comparison in Alzheimer's
disease, vascular dementia and frontotemporal
dementia. Journal of the Neurological Sciences
2005;236(1–2):43–8.

87. Kales HC, Maixner DF, Mellow AM. Cerebrovascular
disease and late-life depression. American Journal of
Geriatric Psychiatry 2005;13(2):88–98.

88. Gorno-Tempini ML, Dronkers NF, Rankin KP et al.
Cognition and anatomy in three variants of primary
progressive aphasia. Annals of Neurology 2004;
55(3):335–46.

89. Mendez MF, Perryman KM, Miller BL, Cummings JL.
Behavioral differences between frontotemporal
dementia and Alzheimer's disease: a comparison
on the BEHAVE-AD rating scale. International
Psychogeriatrics 1998;10(2):155–62.

90. Bozeat S, Gregory CA, Ralph MA, Hodges JR. Which
neuropsychiatric and behavioural features distinguish
frontal and temporal variants of frontotemporal
dementia from Alzheimer's disease? Journal of
Neurology, Neurosurgery and Psychiatry 2000;
69(2):178–86.

91. Marczinski CA, Davidson W, Kertesz A.
A longitudinal study of behavior in frontotemporal
dementia and primary progressive aphasia. Cognitive
and Behavioral Neurology 2004;17(4):185–90.

92. Aarsland D, Ballard C, Larsen JP, McKeith I.
A comparative study of psychiatric symptoms in
dementia with Lewy bodies and Parkinson's disease
with and without dementia. International Journal
of Geriatric Psychiatry 2001;16(5):528–36.

93. Boxer AL, Geschwind MD, Belfor N et al. Patterns
of brain atrophy that differentiate corticobasal
degeneration syndrome from progressive supranuclear
palsy. Archives of Neurology 2006;63(1):81–6.

94. Cohen-Mansfield J. Use of patient characteristics
to determine nonpharmacologic interventions for
behavioral and psychological symptoms of dementia.
International Psychogeriatrics 2000;12 (Suppl 1):
373–80.

95. Teri L. Combined therapy: a research overview.
International Psychogeriatrics 2000;12(Suppl 1):
381–6.

96. Cohen-Mansfield J. Nonpharmacologic interventions
for inappropriate behaviors in dementia: a review,
summary, and critique. American Journal of Geriatric
Psychiatry 2001;9(4):361–81.

97. Emre M, Aarsland D, Albanese A et al. Rivastigmine
for dementia associated with Parkinson's disease.
New England Journal of Medicine 2004;351(24):
2509–18.

98. Sink KM, Holden KF, Yaffe K. Pharmacological
treatment of neuropsychiatric symptoms of dementia:
a review of the evidence. Journal of the American
Medical Association 2005;293(5):596–608.

99. Wynn ZJ, Cummings JL. Cholinesterase inhibitor
therapies and neuropsychiatric manifestations of
Alzheimer's disease. Dementia and Geriatric Cognitive
Disorders 2004;17(1–2):100–8.

100. Gauthier S, Wirth Y, Mobius HJ. Effects of memantine
on behavioural symptoms in Alzheimer's disease
patients: an analysis of the Neuropsychiatric Inventory
(NPI) data of two randomised, controlled studies.
International Journal of Geriatric Psychiatry 2005;
20(5):459–64.

101. Taragano FE, Lyketsos CG, Mangone CA, Allegri RF,
Comesana-Diaz E. A double-blind, randomized,
fixed-dose trial of fluoxetine vs. amitriptyline in
the treatment of major depression complicating
Alzheimer's disease. Psychosomatics 1997;38(3):
246–52.

102. Katona CL, Hunter BN, Bray J. A double-blind
comparison of the efficacy and safety of paroxetine
and imipramine in the treatment of depression with
dementia. International Journal of Geriatric Psychiatry
1998;13(2):100–8.

Chapter 7: Neuropsychiatric features of dementia

99



103. Huey ED, Putnam KT, Grafman J. A systematic
review of neurotransmitter deficits and treatments
in frontotemporal dementia. Neurology 2006;
66(1):17–22.

104. Schneider LS, Dagerman KS, Insel P. Risk of death
with atypical antipsychotic drug treatment for
dementia: meta-analysis of randomized placebo-
controlled trials. Journal of the American Medical
Association 2005;294(15):1934–43.

105. US Food and Drug Administration. FDA Public
Health Advisory: deaths with antipsychotics in elderly

patients with behavioral disturbances. Washington,
DC: US Food and Drug Administration. http://www.
fda.gov/cder/drug/advisory/antipsychotics.htm
(accessed March 3, 2006).

106. Wang PS, Schneeweiss S, Avorn J et al. Risk of death in
elderly users of conventional vs. atypical antipsychotic
medications. New England Journal of Medicine 2005;
353(22):2335–41.

Section 1: Introduction

100

http://www.fda.gov/cder/drug/advisory/antipsychotics.htm. 
http://www.fda.gov/cder/drug/advisory/antipsychotics.htm. 


Chapter

8 Neuroimaging in dementia

Maria Carmela Tartaglia and Howard Rosen

Introduction
Despite the tremendous technological advancement
in medicine, diagnosis of dementia caused by neuro-
degenerative disease continues to be made almost
exclusively based on the clinical interpretation of
patients' symptoms, supported by cognitive assess-
ment with neuropsychological testing. Not surpris-
ingly, the accuracy of diagnosis varies with the
expertise of the center where a patient is evaluated,
and with the rarity of the clinical presentation.1,2 For
unusual clinical presentations, accuracy can be dis-
appointingly low.3 In addition, diagnosis of neuro-
degenerative diseases that cause dementia is currently
not made until an individual's level of cognitive
impairment has already robbed them of their ability
to work and perform other functions important for
self-esteem and independence, such as driving and
management of their finances.

The introduction of computed tomographic (CT)
scanning in the 1970s offered the possibility of safe,
non-invasive visualization of the human brain in vivo.
Since that time, the chief goals for brain imaging
in dementia have been quite simple: first, to facilitate
early diagnosis by differentiating patients with neuro-
degenerative disease from normal individuals at
the earliest possible time in the illness; and, second,
to differentiate various causes of neurodegeneration,
such as Alzheimer's disease (AD), frontotemporal
dementia (FTD), dementia with Lewy bodies (DLB),
corticobasal degeneration (CBD) and progressive
supranuclear palsy (PSP), from each other. While
early diagnosis offers the best opportunity for pre-
serving function, accurate diagnosis is critical so that
treatments can be tailored to the specific disease.
The first step toward achieving these goals is the exclu-
sion of non-neurodegenerative diseases mimicking

neurodegenerative dementias. While such entities are
not as common as AD,4 structural imaging with CT
or magnetic resonance imaging (MRI) are usually
extremely sensitive to them. In contrast, neurodegen-
erative diseases do not cause gross structural abnor-
malities that are easily differentiated from normal
aging. Therefore, researchers have had to develop more
sophisticated approaches to help with the differential
diagnosis of degenerative dementias.

Neurodegenerative diseases cause a complex set of
changes in the brain, the earliest of which are believed
to be metabolic abnormalities that emerge secondary
to the accumulation of abnormal proteins within
neurons and glial cells. These proteins differ depending
upon the neurodegenerative condition; b-amyloid 42
in AD, a-synuclein in DLB, tau or TAR DNA-binding
protein (TDP-43) in FTD and prion proteins in
Creutzfeldt–Jakob disease (CJD). These abnormal
proteins lead to a cascade of changes, including loss
of neuronal function with neurotransmitter dysfunc-
tion, loss of synapses and ultimately cell death.
Ideally, brain-imaging technology should strive to
measure the most specific and earliest of these
changes, such as the accumulation of disease-specific
proteins. While we appear to be at the dawn of an era
where this will be possible, most of the imaging
research in dementia to date has attempted to quan-
tify structural and functional changes that occur in
association with cell dysfunction or cell death. These
efforts have been pursued using a variety of imaging
technologies. The goal of this chapter is to provide a
broad overview of the various methods that have been
used to image neurodegenerative disease and to high-
light the relative advantages and disadvantages of
each. As will be discussed at the end of the chapter,
even as we gain the ability to image the most specific
abnormalities associated with neurodegeneration, it is
unlikely that any single technique will be sufficient
for diagnosis, but rather a combination of techniques
will be useful for making a diagnosis and possibly for
guiding treatment.

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.

101



Regional changes in basic
metabolism and structure
Each degenerative disease appears to selectively affect
specific regions of the brain; consequently the pattern
of regional dysfunction or atrophy is a clue to diag-
nosis. The earliest studies documenting these changes
were conducted with metabolic imaging using radio-
active materials, but more recently, increasingly sophis-
ticated analysis of structural imaging has revealed
parallel findings in the patterns of tissue loss in demen-
tia, suggesting that these changes can bemeasuredmore
easily, and at a lower cost than previously estimated.

Glucose metabolism and brain perfusion
Positron emission tomography and single-photon
emission computed tomography
Brain imaging with radioactively labeled compounds,
usually administered intravenously, has long been a
mainstay in the study of neurodegenerative disease.
The most commonly used techniques are single-
photon emission computed tomography (SPECT)
and positron emission tomography (PET). Both
SPECT and PET can be used to measure the uptake
of a variety of compounds. The most reliable SPECT
method has used 99mTc-labeled hexamethylpropyle-
neamine oxime (HMPAO), which crosses the blood–
brain barrier and is taken up in proportional relation-
ship to blood flow, allowing the tracking of cerebral
perfusion. The PET compound most efficiently used
in diagnosis is [18F]-fluorodeoxyglucose (FDG), which
crosses the blood–brain barrier and is taken up by
metabolically active cells, thus providing a measure of
brain activity. These techniques provide unique infor-
mation about brain function that may not be available
with structural imaging, and they can show metabolic
abnormalities in structurally normal brain.

One of the first techniques to show a specific
abnormality in AD was FDG-PET; the parietal and
superior/posterior temporal regions show reduced
glucose metabolism in those with AD compared with
normal older control subjects.5 Subsequent studies
have consistently demonstrated bilateral temporo-
parietal hypoperfusion or hypometabolism in patients
with AD (Fig. 8.1, closed arrows).6,7 In the late 1990s,
studies began to suggest that the earliest of these
changes occurred in the medial portion of the parietal
cortex, in the posterior cingulate or retrosplenial
region (Fig. 8.1, open arrows).8 Frontal lobe hypoper-
fusion is often also reported in AD, but usually in

conjunction with temporoparietal abnormalities.8

These findings suggest that PET and SPECT can be
helpful in discriminating patients with clinically diag-
nosed AD from age-matched controls as well as from
patients with vascular dementia (VaD) and FTD.9 Use
of FDG-PET has better sensitivity but lower specifi-
city than SPECT for discriminating AD from normal
aging.10,11 A histopathological study revealed that
FDG-PET had a sensitivity of 93% and a specificity
of 63% in predicting a pathological diagnosis of AD.12

This was in contrast to clinical diagnosis of AD,
which had a high specificity (100%) but lower sensi-
tivity (75%). Studies with SPECT have a sensitivity
of 63% and a specificity of 93% unless combined with
clinical diagnosis, where the combination of SPECT
evidence of temporoparietal hypoperfusion and clin-
ical diagnosis of AD has a sensitivity of 96% and
a specificity of 84%.13 Thus, regional metabolism
studied with PET and SPECT clearly correlates with
the presence of neurodegenerative disease; however,
these techniques have not yet been perfected to the
point where they have the specificity and sensitivity to
substitute for a clinical diagnosis.

In recent years, the clinical syndrome of mild
cognitive impairment (MCI) has received a great deal
of attention as a stage where early diagnosis of AD
may be possible. Patients with MCI are at high risk
for progression to AD, converting to dementia at a
rate of about 12% per year.14 A number of studies
have found that the severity of temporoparietal
metabolism as estimated by FDG-PET is helpful in
distinguishing patients with a progressive course from
those with a non-progressive course.15–18 Posterior
cingulate hypometabolism on SPECT has also been
used to predict progression in this setting.19

Sagittal

2.00

Axial

Fig. 8.1. Fluorodeoxyglucose (FDG) positron emission tomography
of a patient with Alzheimer's disease showing subtle regional
decreases in FDG uptake in the posterior temporal lobes
(closed arrows) and the posterior cingulated region (open arrow).
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The observation that AD is associated with
metabolic abnormalities in the temporal and parietal
regions complements the observation that the non-
AD dementias are associated with hypometabolism in
different regions, suggesting that PET and SPECT can
assist in differential diagnosis. One of the most useful
of these observations has been the fact that FTD is
associated with hypometabolism in the frontal and
anterior temporal regions, which has been demon-
strated to separate FTLD from AD (Fig. 8.2).20,21–24

A recent study of patients with AD and FTD whose
diagnoses were ultimately confirmed at autopsy
showed that FDG-PET increases diagnostic accuracy
beyond clinical features alone.25 In contrast, DLB is
associated with decreased occipitotemporal metabol-
ism compared with AD, consistent with the increased
difficulty such patients have with visual processing.26–28

In an effort to estimate the overall utility of
metabolic imaging in differentiating various forms
of dementia, Talbot et al.29 conducted a large study
of SPECT in a group of patients with dementia from a
variety of causes including AD, frontotemporal lobar
degeneration (FTLD), VaD and DLB, and they iden-
tified specific patterns predictive of the clinical diag-
nosis, including patchy regions of hypometabolism
suggestive of VaD, frontal hypometabolism suggestive
of FTLD, and temporoparietal metabolism suggestive
of AD. These findings were consistent with a study
in a group of patients suffering from various demen-
tias who had autopsy confirmation of diagnosis,

which showed that SPECT imaging can be highly
accurate in identifying the type of dementia.30

Regional brain metabolism studied with PET and
SPECT has often been linked with cognitive and
behavioral changes in dementia.31,32 In one of the
earliest studies, Haxby et al.33 used PET to demonstrate
that right–left hemisphere metabolic asymmetry in AD
correlated with the degree of language versus visuo-
spatial impairment. Subsequently, metabolic imaging
has also been used to link metabolism to function in a
variety of cognitive and behavioral domains, includ-
ing memory, which has been linked to hippocampal
metabolism;34 awareness of deficit, which has been
linked to right frontal metabolism;35 and behavioral/
emotional variables such as apathy, which is linked to
metabolism in the anterior cingulate region.36

In summary, metabolic imaging with PET and
SPECT helps to differentiate patients with neuro-
degenerative disease from normal older individuals
and to discriminate between various causes of demen-
tia. These techniques are not yet sufficiently accurate
to substitute for clinical judgement, but in some
cases they can supplement the clinical assessment to
improve the accuracy of diagnosis. One such example
is the differentiation of FTLD from AD. Additionally,
the fact that these measures correlate with the level of
behavioral and cognitive impairment suggest that
they may be useful surrogate markers in clinical trials
of therapeutic agents.37 For example, improved cere-
bral metabolism with treatment might predict drug
efficacy. This hypothesis has yet to be fully confirmed,
but studies have demonstrated preserved or increased
glucose metabolism in patients with AD after treat-
ment with cholinesterase inhibitors.38,39

Problems with SPECT and particularly PET
include expense, lack of availability and the required
use of radioactive materials. As detailed below, MRI
and CT may be capable of obtaining diagnostically
equivalent data using perfusion techniques, and struc-
tural imaging with MRI is also yielding similar infor-
mation about regional brain abnormalities, potentially
eliminating the need for PET and SPECT regional
metabolic studies.

Regional cerebral perfusion measured with
magnetic resonance and computed tomography
Regional cerebral blood volumes can be quantified
with MRI by magnetically labeling water molecules
in the arteries prior to their entry into the brain and
then tracking these molecules as they enter the cere-
bral tissues, a technique referred to as arterial spin

AD

FTD
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3

Fig. 8.2. Fluorodeoxyglucose (FDG) positron emission tomography
of the same patient as in Fig. 8.1 as well as another patient with
frontotemporal dementia (FTD), showing decreased FDG uptake in
the lateral (1), medial (2) and orbital (3) portions of the frontal lobe in
FTD. AD, Alzheimer's disease.
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labeling. Using MRI, several investigators have shown
reduced cerebral perfusion in AD in the medial and
lateral parietal, superior temporal and lateral frontal
lobes – the same regions where SPECT and PET
demonstrate abnormalities.40–42 Perfusion MRI in
FTD has also demonstrated decreased frontal perfu-
sion and increased parietal perfusion relative to AD,
with frontal perfusion deficits in FTD being correl-
ated with deficits in judgement and problem solv-
ing.43 While MR perfusion is less expensive than
PET and SPECT, and does not involve exposure
to radioactivity, the technique has not yet matured
to the point that it is an adequate substitute for PET
and SPECT imaging. This is because MR perfusion
studies are based on MR imaging approaches such as
echo-planar imaging, which are highly susceptible to
distortion or loss of signals in the parts of the brain
adjacent to air-filled bone.44,45 Thus, orbital and
inferior temporal regions, which are adjacent to air-
filled sinuses in the skull, are not yet well imaged with
this technique. As methods evolve to avoid these
problems, MR perfusion may become a more and
more attractive technique in dementia research.

Similarly, CT is now capable of tracking cerebral
perfusion using intravenous contrast. Although this
has rarely been used to study dementia,46 CT scanning
may offer another relatively inexpensive approach to
tracking regional changes occurring in dementia.

Regional tissue content/atrophy
Many of the metabolic abnormalities described with
PET and SPECT are visible to the naked eye, which
can easily detect that some regions of the brain are
drawing less glucose or blood than others. In contrast,
because normal aging causes a significant degree of
cerebral volume loss, it can be more difficult to appre-
ciate whether certain brain regions are disproportio-
nately atrophied. The ability to acquire increasingly
higher resolution images of the brain and the emer-
gence of more powerful techniques for structural
image analysis have allowed the routine measurement
of atrophy in various brain regions, with findings that
are remarkably concordant with metabolic studies.

Regional tissue content with computed
tomography
Computed tomography is the most widely used tech-
nique for scanning the brain, and creates images
using X-rays. Because it was the first technique to
provide a detailed image of the brain, it has the

longest history of use in dementia. In 1975, the first
report appeared highlighting the utility of CT scans in
separating dementia cases from possibly reversible
causes of cognitive impairment.47 Although CT can
delineate many non-degenerative causes of dementia,
most patients with uncomplicated, persistent and pro-
gressive memory impairment do not suffer from a
non-degenerative condition. In a large study of 513
patients referred to a memory clinic, CT scanning
failed to reveal any reversible causes that were not
picked up clinically in the 362 patients who were
demented.48

Early use of CT also included prognostication
regarding disease progression. For instance, patients
with moderate or severe cerebral atrophy were found
to have a worse short-term prognosis than those with
questionable or mild atrophy.49 Although CT scan-
ning is still regularly used for diagnostic assessments
and for studies of brain–behavior correlation,50 its
resolution is much lower than that of MRI; conse-
quently, research on most aspects of degenerative
dementias has moved away from CT scanning.

Regional tissue content with magnetic
resonance imaging
Most modern structural imaging in dementia has
used MRI, which acquires brain images with magnetic
fields and radiowaves. There are a number of good
review articles concerning structural imaging in
dementia, particularly in AD.51–59

One of the most straightforward approaches to
structural image analysis is to measure the volume
of specific regions that might be particularly impacted
by a disease of interest. Usually, this is accomplished
by circling the region on a series of two-dimensional
images. In AD, the medial temporal lobes, in parti-
cular the hippocampus and entorhinal cortex, are
among the earliest sites of pathological involvement.60

For this reason, many studies have focused on hippo-
campal volumes and demonstrated decreased volumes
in AD compared with age-matched controls.61–68 Also,
volumes in the adjacent entorhinal cortex are reduced
in AD,61,64,67–69 consistent with the fact that this may
be the earliest site of neuronal pathology.60 However,
the hippocampus and entorhinal cortex are not unique
in showing decreased volume in patients with AD.
Other regions include the amygdala,65 anterior para-
hippocampal gyrus,65 corpus callosum70,71 and the
frontal,72 temporal64,72 and occipital lobes,72 indicating
that much of the brain shrinks in AD.
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In the past, regional volume measurements were
limited to selected portions of the medial temporal
lobe, or to large lobar structures that are relatively
easy to identify. More recently, investigators have
begun to measure smaller cortical regions such as
the cingulate cortex, which metabolic studies suggest
might show reduced posterior volume. This method
offers the possibility of bringing volumetric imaging
in line with metabolic studies by breaking the cerebral
cortex into smaller structures that might show dispro-
portionate volume loss compared with the rest of the
brain. A recent study of cingulate volumes in familial
AD suggests that this approach is valuable.73 Jones
and colleagues measured four regions of the cingulate
cortex, including the rostral and caudal parts of
the anterior cingulate, as well as the posterior and
retrosplenial cingulate. All areas of the cingulate
cortex were reduced in volume in AD compared with
controls, although the posterior cingulate cortex was
more atrophied than the other segments. Imaging
with MRI has also been used to study patients with
MCI. Several studies have shown that hippocampal
volumes74 and volumes in other brain regions75 pre-
dict the likelihood of progression, although precise
prognostication in an individual is still not achievable.

The utility of regional volume loss in the diagnosis
of AD remains unsettled. As is the case with meta-
bolic studies, most imaging studies are performed
using clinical diagnosis as the “gold standard,” and
very few studies have been done in autopsy-
confirmed patient groups. In most volumetric studies,
there is at least some overlap between patients and
controls, so imaging measures correctly identify
between 80 and 100% of patients, depending on the
study and the region being measured. Given that most
of these patients are clearly demented at the time of
study, the added value of imaging in this setting is
questionable.

All the research described above used cross-sectional
approaches. Another approach taken by some investi-
gators has been to look at longitudinal changes. These
studies have demonstrated greater atrophy rates in
whole brain volume,76–83 hippocampus,84–86 entorhinal
cortex85,87 and the temporal area as a whole,85,88,89

both in AD and in MCI compared with age-matched
controls. Some of these studies have demonstrated
that rates of atrophy are another feature predicting
conversion from MCI to dementia.86

Structural imaging has also been studied as a
means of differentiating various causes of dementia.
This has been studied extensively in FTLD, where

early observations documented visible volume loss
in the frontal and anterior temporal regions, and
subsequent studies have gone on to quantify these
changes. The term FTLD serves as the overarching
name for a set of disorders with different clinical
manifestations, all associated with a predominance
of frontal and/or temporal pathology. Structural
imaging studies using MRI have demonstrated that
the behavioral variant of FTD is associated with
reduced frontal lobe volumes compared with controls,
while semantic dementia (SD) shows reduced tem-
poral lobe volumes.90,91 Frontal and temporal
volumes in these syndromes are significantly smaller
in FTD and SD than in AD. One recent study showed
that frontal lobe volumes correctly classified 93% of
patients with FTD, but specificity compared with
patients with AD was not reported.92 A recent study
demonstrated hippocampal and amygdala atrophy in
both AD and FTLD compared with controls.93 After
segregating the different FTLD subtypes into SD and
the behavioral variant of FTD, they found smaller
hippocampal and amygdala volumes in SD compared
with the frontal variant.

While lobar, hippocampal and amygdala volumes
are useful in discriminating between dementia etiolo-
gies, techniques for analyzing tissue loss in specific
subregions of the frontal and temporal lobes have
been even more revealing. Many of these findings
were facilitated by a technique called voxel-based
morphometry (VBM). In contrast to region-of-
interest-based techniques, where a specific region
is identified and circled in each individual, VBM
quantifies regional tissue content by resizing each
subject's image to fit into a standardized space, so that
a given coordinate in this space should correspond to
the same anatomical structure in every subject.94 The
resolution of the technique is on the order of 1–2 cm,
so relatively small regions can be related to diagnosis
or other conditions of interest without an a-priori
hypothesis about their size, shape or location. Thus,
the technique allows the analysis of changes across
the entire brain in a much shorter time than can be
accomplished using manually identified regions of
interest.

Studies using VBM in FTLD have revealed that
the disorder is associated in general with loss of gray
matter in the frontal and temporal lobes, but it is
particularly associated with loss in the ventromedial
frontal cortex, the posterior orbital frontal regions,
the insula bilaterally and the left anterior cingulate
cortex.90 These regions are frontal components of the
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brain’s emotional processing systems,95 so their
involvement in FTLD explains the unique behavioral
symptoms seen in that disorder. These findings are
consistent with autopsy studies demonstrating pro-
gressive changes in these same regions in increasingly
advanced cases of FTD,96 and also with PET and
SPECT studies showing similar patterns of metabolic
impairment in FTD as in AD.97 The SD subgroup also
showed atrophy in the amygdala, which is a critical
component of basic emotional processing.98 Because
VBM looks for relationships with behavior across
many regions of the brain, statistical corrections
are necessary for the many comparisons in every
analysis,99 potentially limiting the sensitivity of the
technique, particularly for single subject analysis.

While most studies examining structural differ-
ences across dementia syndromes looked at clinically
diagnosed populations, recent studies have extended
these findings to autopsy-confirmed patients. A recent
study using VBM in a group of 21 patients with patho-
logically confirmed FTD demonstrated atrophy of
the inferior and medial temporal regions as well as
the inferior frontal lobes in the FTD group compared
with controls.100 Recently, Rabinovici et al.101 com-
pared patients with pathologically confirmed FTLD
and AD and verified that the medial frontal, orbito-
frontal and insular volume changes in FTLD were
more severe than in AD, whereas AD was associated
with more significant changes in the parietal and
occipital regions, as would be expected based on the
metabolic studies. In addition, ventral striatal volumes
were decreased in FTLD compared with AD.

Structural imaging has also demonstrated signifi-
cant relationships between local changes in brain
volume and cognitive or behavioral changes in
dementia. In AD, several studies have found correl-
ations between hippocampal volumes and episodic
memory performance, consistent with the long-
established role for this structure in memory consoli-
dation.102 Disproportionate loss of visuospatial function
in AD, as indicated by very poor figure copying, has
been linked to right lateral temporal tissue loss.103

Many studies of non-AD dementias, particularly
FTLD, have yielded findings that shed light on poorly
understood frontal and anterior temporal brain func-
tions. For instance, in the language domain, intensive
study of word knowledge in dementia has helped to
define the role of the temporal lobes in semantic
processing. Picture naming in FTLD, which relies on
an intact semantic memory, correlates with tissue
content in the temporal lobe,90,104 and recent studies

have further defined this role by showing a dissociation
between naming of living stimuli, which appears to
depend on right medial anterior temporal region, and
naming of non-living stimuli, which is associated with
tissue content in the left posterior middle temporal
gyrus.104 Structural imaging has elucidated important
information regarding the role of various brain
regions in emotional processing. Right anterior tem-
poral tissue volume in dementia is associated with
the ability to identify facial expressions of emotion105

and with empathy,106 which explains, in part, the
profound insensitivity seen in patients with FTLD,
particularly those with right temporal involvement.107

In addition, other behaviors in FTLD correlate with
specific subregions within the frontal and insular
cortex. Disinhibition correlates with anterior cingu-
late atrophy, while apathy correlates with right
medial frontal atrophy, which suggests differing roles
for these regions in the regulation of goal-directed
behavior.108 Right insular and orbitofrontal tissue loss
has been correlated with overeating in FTLD, consist-
ent with the role these structures play in processing
food rewards.109,110 Many of the findings discussed
above were identified using VBM, as well as manual
identification of regions of interest.

Another technique for structural image analysis
is the measurement of cortical thickness. Similar to
VBM, cortical thickness mapping examines changes
in structure across the entire cerebrum; however,
rather than averaging the amount of tissue in a
particular volume of space, this technique measures
the thickness of cerebral cortex under each segment
of the cerebral cortical surface. A recent application of
this technique to AD and MCI found decreases in
mean cortical thickness in both groups compared
with controls, with those with MCI showing an inter-
mediate thickness between normal elderly and AD.111

The largest degree of thinning in AD and MCI was in
the inferior and middle temporal gyri. These results
are consistent with autopsy studies in normal aging
and AD, showing cortical thinning as a result of
cytoarchitectural changes such as neuronal loss, syn-
aptic degeneration and cell shrinkage.112–114 Cortical
thickness measurement has also demonstrated differ-
ences between AD and FTLD similar to those identi-
fied using VBM.115

In summary, structural imaging, particularly with
MRI, has advanced impressively since the advent of
CT, with increasingly higher resolution images.
Although at first glance the main structural change
in dementia, atrophy, appears to be more diffuse than
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the metabolic deficits described above, careful attention
to specific regions of interest has identified the types
of abnormality that would be expected based on
the known patterns of pathology in dementia, and
that are specific to the cause of neurodegeneration.
Emerging techniques for examining changes across
the entire brain relatively quickly, such as VBM and
cortical thickness mapping, have made it easier to
identify these regionally specific patterns of atrophy,
and demonstrated patterns of atrophy that are
remarkably consistent with the metabolic deficits
identified using PET and SPECT scanning. Figure 8.3
illustrates the remarkable overlap in findings between
metabolic and structural imaging studies performed
by different research groups around the world. As
with metabolic imaging, MRI-based measures do not
appear to be sensitive or specific enough to substitute
for the clinical evaluation. Like metabolic imaging,
MRI measures of regional volume clearly correlate
with patients' cognitive and behavioral status. The fact
that MR scanners are ubiquitous and less expensive to
use than PET and SPECT machines makes MRI an
attractive alternative to these techniques. Whether the
abnormalities seen with structural imaging are more
sensitive or less sensitive to disease than metabolic
imaging has not yet been determined. One potential
disadvantage to MRI that must be considered is that
structural changes may evolve more slowly than meta-
bolic changes; consequently, the question of which

might be more useful for following disease progression
or treatment effects must be studied before one could
be chosen for this purpose.

In addition, while regional reductions in glucose
metabolism, perfusion and tissue content have been
the focus of the great majority of imaging studies in
dementia, alternative techniques for brain imaging
have begun to be more commonly applied to demen-
tia, offering opportunities to study different aspects of
neurodegenerative disease.

Alternative structural analyses
Diffusion-weighted imaging and diffusion
tensor imaging
Diffusion-weighted imaging (DWI) with MRI is
based on the analysis of the random motion of water
molecules in the brain. In many cases, local cerebral
pathology, such as stroke, leads to decreased local
diffusion. Probably the most meaningful application
of simple DWI in neurodegenerative disease is in
CJD, where decreased diffusion in cerebral cortex
(called “cortical ribboning”), often with associated
decreased diffusion in the basal ganglia, is highly
sensitive and specific for the diagnosis of CJD (sensi-
tivity of 91%, specificity of 95%) (Fig. 8.4).121 Variant
CJD is often associated with high signals in the pulvi-
nar region, with a sensitivity of 78% and specificity of
100% in one study.122

Perfusion SPECT Varrone, 2002 (Italy) VBM Rosen, 2002 (USA)

FDG-PET Foster, 2003 (USA) VBM Boccardi, 2005 (Italy)

FDG-PET Jeong, 2005 (Korea) FDG-PET Diehl-Schmid, 2006 (Germany)

Fig. 8.3. Imaging findings in
frontotemporal dementia from
various groups. All show a similar
pattern of changes affecting the
medial and orbital portions of the
frontal lobes. VBM, voxel-based
morphometry of structural magnetic
resonance imaging (USA,90 Italy116);
FDG-PET, fluorodeoxyglucose positron
emission tomography (USA,117

Korea,118 Germany119); perfusion SPECT,
perfusion single-photon emission
computed tomography (Italy120).
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An important variation of DWI is diffusion tensor
imaging (DTI). Whereas DWI evaluates diffusion of
water in all directions, DTI evaluates diffusion of
water separately in each of the three main directions
(right/left, front/back, up/down) in the brain. The key
to understanding how DTI works lies in the distinc-
tion between isotropic and anisotropic diffusion.
Isotropic diffusion refers to the state when molecules
are diffusing equally in all directions. Anisotropic
diffusion refers to when molecules are diffusing more
in a particular direction than in other directions. This
anisotropic diffusion, where there is coherent molecu-
lar motion, can also be called “flow.” Anisotropic
diffusion and isotropic diffusion have different effects
on the MR signal, which enables diffusion measure-
ments to be acquired. In certain biological structures,
such as muscle or axonal fibers, there is an ordered
arrangement that causes the diffusion of water to
be significantly greater along the axis of those fibers.
In healthy white matter tracts, an extensive number of
neuronal axons all traveling in the same direction
means that this tissue will have a high degree of
anisotropic diffusion in a particular direction.123–126

Therefore, diffusion measurements can provide infor-
mation concerning the type of matter present in a
given voxel, as well as its orientation, using a parameter
called fractional anisotropy. These analyses are often
aided by identifying tracts of interest in each individ-
ual, a technique sometimes referred to as tractography.
Although most of the pathology in neurodegenerative

diseases, particularly in AD, occurs in gray matter,
this has secondary effects on white matter. Increasing
disorganization in white matter tracts would decrease
the anisotropy of diffusion along the tract. Accord-
ingly, altered diffusion has been reported in the
temporal lobe white matter, posterior cerebral white
matter, and corpus callosum of patients with very
mild and moderate AD.41,127–129 Recently, Zhang
et al.130 identified reduced fractional anisotropy in
the portion of the cingulum bundle connecting the
hippocampus to the posterior cingulate region in
patients with MCI and AD compared with controls.
The use of this measure provided improved classifi-
cation of patients from controls compared with
hippocampal volumes alone.130 White matter tract
integrity has also been correlated with measures of
episodic memory in AD and MCI.131

Diffusion tensor imaging is also being used more
to examine differences across dementia subtypes.
A recent study found decreased fractional anisotropy
in the parietal lobes in DLB compared with AD,
consistent with the metabolic studies and with the
prominent visuospatial difficulties often seen in these
patients.132 In FTD, decreased fractional anisotropy
has been identified in the superior longitudinal fascic-
ulus, which connects frontal and parietal regions,
while SD shows decreased fractional anisotropy in
the inferior longitudinal fasciculus, connecting tem-
poral with parietal regions. Integrity of the superior
longitudinal fasciculus in this study was correlated
with a clinical measure of behavior and executive
function.133

Alternative metabolic and functional
approaches
Magnetic resonance spectroscopy
In vivo proton magnetic resonance spectroscopy
(1H MRS) with MRI allows non-invasive sampling of
brain chemistry by measuring the levels of relatively
few specific metabolites, including N-acetyl-aspartate
(NAA), choline, creatine, lactate and glutamate.
Because NAA is thought to be a marker of neuronal
integrity, many studies have focused on NAA content
in patients with dementia. Content of NAA is consist-
ently reported as lower in patients with AD compared
with cognitively normal elderly subjects, in various
portions of the brain134–138 and in the parietal gray
matter and hippocampus.139,140 A different pattern
of NAA loss has been reported in VaD, with the

Fig. 8.4. Diffusion-weighted abnormalities (arrows) in the basal
ganglia and cortical ribboning in Creutzfeld-Jakob disease.
(Image courtesy of Michael Geschwind and Paolo Vitali, UCSF.)
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greatest losses in the frontal and parietal cortex but no
significant losses in the medial temporal lobe.141

Thalamic lacunes were associated with greater NAA
reductions in the frontal cortex than lacunes located
outside the thalamus, which supports the idea that
disruption of subcortical–cortical connections may
contribute to cognitive dysfunction in VaD. Myo-
inositol, a marker associated with gliosis, has also
been reported as high in patients with AD.135

Decreased NAA and increased myo-inositol have also
been reported in MCI.142

A few studies of non-AD dementias have used
1HMRS, including FTD,143,144 prion diseases,145

Huntington's disease146 and acquired immunodefi-
ciency syndrome–dementia complex.147 In one study
comparing patients with AD and FTD, the NAA/
creatine ratio was reduced in the posterior cingulate
cortex in those with AD and FTD/Pick's disease,
but the patients with AD showed a greater decrease
posteriorly while the patients with FTD/Pick's disease
displayed greater frontal decreases.148 Proton MRS
has also been used, though relatively infrequently,
for brain–behavior correlations.

Iron-dependent T2-weighted contrast
with magnetic resonance
Iron-dependent T2-weighted contrast has been reported
as increased in a number of regions in AD, including
the hippocampus, entorhinal cortex, globus pallidus,
putamen and caudate.149–151 Although, the signifi-
cance of the increased iron is still being investigated,
there appears to be increasing reports to suggest that
altered iron metabolism or its accumulation is associ-
ated with toxicity or cell injury.

Functional activation using magnetic
resonance imaging
With the exception of MR perfusion, the MR tech-
niques discussed until now measure structural fea-
tures of the brain that change very slowly over time
in neurodegenerative disease. They are a consequence
of microscopic changes in neuronal structure (for
instance synaptic and dendritic complexity), which
influence neuronal function and so structural changes
will correlate with changes in behavior. Since the late
1980s, it has also been possible to study brain activity
related to cognitive processing using PET, most com-
monly using radiolabeled water.152 This is because
increased synaptic activity leads to local increases in
blood flow; as a result, blood flow during a task of

interest can be compared with blood flow during a
comparison task to identify regions selectively invol-
ved in the task of interest. This phenomenon can now
be studied with functional MRI (fMRI), which has
largely supplanted PET scanning for this purpose.
Most commonly, this is accomplished by measuring
the blood oxygen level-dependent (BOLD) signal,
which occurs because the local increases in blood flow
associated with synaptic activity are in excess of what
is needed to supply metabolic demand; consequently
these vessels contain blood that is relatively high in
oxygenated hemoglobin, and the corresponding oxi-
dized state of the iron causes local increases in mag-
netic susceptibility.153 The ability of MRI to measure
indirectly synaptic activity in response to cognitive
demands provides an approach that may be the best
correlate of cognitive performance and may be a
promising technique for following disease progres-
sion and treatment response. The tasks can be tailored
to examine specific domains of function pertinent to
whatever subtype of dementia is being studied.

Brain activation patterns in dementia have shown
variable results. The simplest prediction for fMRI
studies would be that decreased performance in
dementia would be associated with decreased BOLD
signal, implying decreased synaptic activity during
relevant cognitive tasks. In contrast to this prediction,
several studies have shown increased activation in
AD, particularly in the early stages of the disease.
Saykin et al.154 assessed semantic processing in mild
AD and found that patients activated regions not
activated in controls, and found increased activation
in regions that were activated in controls. These
patients still scored within the normal range for most
tasks, suggesting the possibility that increased acti-
vation represented a form of compensation. Some
studies have shown a combination of decreases and
increases in activation in AD. Patients with AD doing
a visuospatial processing task showed decreased acti-
vation in parietal cortex compared with controls, but
increased activation in occipitotemporal cortex.155

These authors suggested compensation as the basis
for some of the altered activation patterns, specifically
that parietal dysfunction in mild to moderate AD is
compensated by recruitment of the ventral visual
pathway for visuospatial processing. Similarly, an
fMRI study of memory encoding in AD showed
increased frontal activation, but also decreased medial
temporal lobe activation.156 Other studies have dem-
onstrated decreases in medial temporal activation
during memory tasks.157–159
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Similarly, studies of MCI have revealed complex
activation patterns. An early study of elderly patients
with “isolated memory decline” showed patterns of
decreased hippocampal activation similar to AD.157

Conversely, other studies have shown increased
medial temporal activation during a visual-encoding
task in patients with MCI whose cognition subse-
quently worsened,160 although this same group of
investigators showed decreased medial temporal acti-
vation in patients with AD.161 These authors hypothe-
sized that increased activation in medial temporal
regions reflects a compensatory response to AD path-
ology and could serve as a marker for impending
clinical decline. Another recent study of individuals
with MCI found decreased hippocampal activation,
but these subjects were notably more impaired on
memory tasks than those with MCI in some other
studies, consistent with the idea that compensatory
mechanisms eventually fail, resulting in lower levels
of activation.162

There has been limited use of fMRI in the non-AD
dementias. Rombouts et al.159 studied verbal working
memory in early FTD and AD and found decreased
activation in frontal and parietal regions in FTD.
The FTD group displayed a stronger response in
the cerebellum, which was interpreted as a possible
compensatory mechanism. A recent study showed
increased temporal lobe activation in dementia with
Lewy bodies compared with AD on a visual motion-
processing task.163

Activation patterns seen with fMRI correlate with
many clinical features in AD, consistent with the fact
that these techniques indirectly evaluate neuronal
function. For example, several of the studies described
above in AD found that medial temporal activation
was correlated with memory performance,161,162 and
some studies have demonstrated correlations between
performance and activation in other brain regions
during memory-encoding tasks.164 Recently, a study
of emotional processing in AD showed increased
amygdala activation during face processing, which
was correlated with the severity of irritability and agi-
tation.165 Small increases in brain activation have been
seen after treatment with cholinesterase inhibitors;166

however, given that both increases and decreases in
activation have been seen at all stages of cognitive
impairment from MCI to AD, and it is not yet clear
what parameters predict increased versus decreased
activation for a given cognitive task, the role of fMRI
in diagnosis or monitoring of patients with dementia
is still unclear.

Resting-state functional magnetic
resonance imaging
The metabolic activity during periods when patients
are not actively engaged in cognitive processing has
proven relevant to dementia. Several regions across
the brain, often with related functions, covary in
terms of the rise and fall of their BOLD signal during
these periods. The networks of regions seen with
this type of analysis are referred to as resting-state
networks. The network that has received the most
attention in AD is the so-called default mode network,
which includes the posterior cingulate, inferior par-
ietal, inferolateral temporal, ventral anterior cingulate
and hippocampal regions.167,168 This default mode
network shows decreased activity in AD, which is
quite consistent with the metabolic and structural
data reviewed above highlighting these regions as
being affected particularly severely in AD168,169 and
in MCI.169,170 Other networks have relevance to other
dementias. For instance, a “salience” network that
includes the dorsal anterior cingulate and orbital
frontoinsular regions and tracks with emotional
measures may be more relevant to FTD.171 The pre-
cise functions of these networks and the physiological
basis of alterations in the functions of these networks
have yet to be determined. However, their use for
patients with dementia is very attractive because they
can be studied in nearly any patient who can have an
MRI scan, in contrast to the sometimes complex
paradigms used for fMRI activation studies.

Imaging of neurotransmitter systems
with positron emission tomography
Metabolic imaging using PET and SPECT allows a
level of versatility in imaging that is still unachievable
using MRI. This is because the MRI signal is based on
intrinsic properties of the brain such as water content
and other simple chemical parameters. In contrast,
PET and SPECT can image any molecule which can
be safely introduced into the body and labeled with
a radioactive ion. One approach that takes unique
advantage of the capabilities of metabolic imaging is
the study of neurotransmitter systems using mol-
ecules that bind to neurotransmitter receptors or
interact with neurotransmitter systems in other
ways. For example, in AD, imaging of the cholinergic
system is possible using a variety of agents that inter-
act with acetylcholine receptors and acetylcholinester-
ase, a key enzyme whose function decreases in AD.172
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Imaging with one such agent, N-[11C]-methyl-
4-piperidyl acetate (MP4A), a radiolabeled acetylcholine
analogue, shows reductions in estimated acetylcholi-
nesterase activity in multiple cortical regions, with the
greatest reduction in the parietotemporal cortex.173

This type of imaging could be helpful in guiding
therapy, by establishing parameters to predict who
would respond best to neurotransmitter manipulation
and by following the effects of treatment. In fact,
PET imaging has shown significant increases in
[11C]-nicotine-binding sites after 3months of treatment
with rivastigmine, and this increase correlates with
improvements on attentional tasks at 12 months.174

Measurement of cholinergic function has applica-
tions beyond the diagnosis of AD. For instance, cog-
nitive deterioration in patients with Parkinson's
disease (PD) may be caused by spread of Lewy body
pathology outside the substantia nigra, or the devel-
opment of superimposed AD. In either case, effects
on cholinergic function are likely. A recent PET study
with MP4A and [18F]-fluorodopa (F-DOPA) evalu-
ated cholinergic and dopaminergic function in PD
and with patients with PD with dementia (PDD).175

While F-DOPA uptake in the striatum was decreased
in both groups, cortical MP4A binding was severely
decreased in PDD compared with controls, but only
moderately decreased in PD. The PDD group had
decreased MP4A binding, particularly in the parietal
regions. The ability to measure each of these neuro-
transmitters systems could help to guide treatments
specific to each system.

Amyloid imaging with positron emission
tomography
All the structural and metabolic imaging techniques
discussed above provide relatively non-specific indi-
cators of brain pathology because they do not provide
a direct measure of the molecular changes leading
to disease. For example, FDG-PET scanning cannot
differentiate temporoparietal hypometabolism caused
by DLB from that in AD. The recent development
of new PET ligands for imaging disease-specific
pathology may revolutionize brain imaging in neuro-
degenerative disease. Specifically, agents that bind
in vivo to plaques containing b-amyloid, the hallmark
protein that accumulates in AD, are now being evalu-
ated in clinical trials. A number of different com-
pounds are being evaluated for this purpose176–178

but radiolabeled Pittsburgh compound B [11C]-PIB,
is, currently the furthest along in development and

the most widely used. In the first study of the clinical
utility of PIB, Klunk et al.177 demonstrated marked
retention of [11C]-PIB in the frontal, parietal, tem-
poral and occipital cortices, as well as the striatum, in
patients with AD compared with controls. Because
[11C]-PIB labels amyloid plaques that are not nor-
mally present in healthy brains, the images in AD
usually appear dramatically different from images in
healthy controls, allowing easy visual interpretation of
PIB images.179

Since the first reports on [11C]-PIB, subsequent stud-
ies have gone on to show increased PIB retention in
patients withMCI,180 and several reports have examined
PIB retention in non-AD dementias.181–184 A recent
study by Rabinovici et al.181 included seven patients
with a clinical diagnosis of AD and 12 with FTLD.
All seven in the AD group had increased [11C]-PIB
scans by visual inspection, while most (8/12) in the
FTLD group and 5/5 controls had no increase in
[11C]-PIB retention, consistent with the proposal that
non-AD dementia will not usually show increased
[11C]-PIB retention. The increased [11C]-PIB reten-
tion in the four patients with FTLD may represent
AD pathology mimicking the clinical presentation of
FTLD, or it may represent coexisting pathology. Use
of [11C]-PIB has also been studied in patients with
PD, where a complex scenario occurs, with some
patients showing cortical [11C]-PIB staining and
others showing staining limited to the brainstem.184

While amyloid imaging is a promising approach
for diagnosis of neurodegenerative disease, this tech-
nique should be used cautiously as it gains wider use.
The presence of increased PIB retention should not
be considered tantamount to a diagnosis of AD. The
few studies in non-AD dementias have highlighted
the fact that complex results may emerge, and the
interpretation of these findings will require much
more study. In addition [11C]-PIB studies have dem-
onstrated increased retention in up to 20% of healthy
older individuals who are cognitively normal.185,186

Whether such patients are destined to develop
dementia is still an open question. The fact that
increased [11C]-PIB retention can occur in cognitively
normal individuals is consistent with pathological
studies indicating that up to 37%of autopsies in patients
who were cognitively normal prior to death show path-
ology meeting the National Institute on Aging NIA-
Reagan criteria for a high or intermediate likelihood
of AD.187 As the review above clearly demonstrates,
there are many other techniques to image changes
in brain occurring secondary to neurodegenerative
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disease that are capable of tracking function over
varying time intervals, depending on the technique.
The likelihood is that techniques for imaging specific
molecular pathology, such as use of [11C]-PIB, will be
combined with one or more of these other imaging
techniques to identify these molecular abnormalities
and to quantify their effects in the brain.

Summary
Brain imaging offers a wide variety of approaches
for studying the changes in the brain induced by
neurodegenerative disease, each with its own

advantages and disadvantages (Table 8.1). In addition
to the approaches highlighted here, which primarily
utilize MRI, PET and SPECT imaging, other
approaches for quantifying changes in the brain not
discussed here, including electroencephalography
and magnetoencephalography, could be considered
“imaging” approaches, as they depict regional changes
across the brain; these, however, are beyond the scope
of this chapter.188 Despite the availability of methods
for imaging many aspects of structure and function,
including white matter tract integrity, neurotransmitter
function, task-related synaptic activity and chemical

Table 8.1. Summary of various imaging techniques used in dementia, with relative advantages and disadvantages

Method Typical findings Advantages Disadvantages

Standard structural CT Regional reductions
in tissue content
(atrophy)

Inexpensive, ubiquitous Lower resolution than MRI; poor
differentiation of white matter versus
gray matter changes

Standard structural MRI Regional reductions
in gray matter
content (atrophy)

Ubiquitous; many available
techniques for analysis; has been
used extensively in dementia

Sensitivity to disease and to changes in
function versus metabolic imaging not
established

Diffusion-weighted imaging Increased diffusion
in CJD

Uniquely sensitive to CJD Utility in other dementias unclear;
sometimes difficult to read; approach to
quantitative analysis not yet established

Diffusion tensor imaging Decreased
organization in
white matter tracts

Novel approach to white matter
assessment; assesses unique aspect
of cerebral structure

Relatively little use in dementia thus far;
utility in study of dementia not yet
established

Perfusion MRI Regional deficits in
brain perfusion

Non-invasive indirect indicator of
metabolic function; no radiation
exposure

Reliant on artifact-prone imaging
sequences; sensitivity versus other
techniques not established

Magnetic resonance
spectroscopy

Decreased NAA/
creatine ratio

Assesses unique aspects of chemical
content of the brain

Sensitivity and utility in dementia not
clearly established

Functional MRI (active
and resting state)

Changes in BOLD
signal representing
synaptic activity

Capable of tracking cognitive
performance on individual tasks

Sensitivity and utility in dementia not
clearly established; both increases and
decreases have been documented, but
meaning in each case unclear

[18F]-Fluorodeoxyglucose
PET

Regional changes
in glucose
metabolism

Long history of findings in dementia;
metabolic changes may image
dysfunction not detectable in
structural imaging

Expensive; exposure to radiation;
sensitivity versus other techniques
not well established

Neurotransmitter system
imaging using PET ligands

Changes in
neurotransmitter
function

Neurotransmitter function is an
important contributor to function;
may be relevant to specific
symptoms and treatments

Sensitivity for diagnosis not well
established; may only be relevant to
specific symptoms; may not be suitable
for tracking overall disease course

Amyloid imaging using PET Pathological
accumulation of
disease-specific
proteins (b-amyloid)

Detects disease specific protein;
may be most suitable for diagnosis

Sensitivity not yet established; may be
positive prior to any disease-related
impairment

Perfusion with SPECT
(e.g. with [99mTc]-HMPAO)

Regional changes in
cerebral perfusion

Long history of use in dementia;
SPECT less expensive than PET

SPECT lower resolution than PET;
radiation exposure

Notes:
CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; SPECT, single-photon emission
computed tomography; NAA, N-acetyl-aspartate; BOLD, blood oxygen level-dependent; HMPAO, hexamethylpropyleneamine oxime;
CJD, Creutzfeldt–Jakob disease.
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content, the bulk of imaging research in dementia is
still focused on regional abnormalities in glucose
metabolism, perfusion and tissue content. The simple
goal of making early and accurate diagnosis solely
with imaging has not been achieved for the common
degenerative diseases, although DWI has emerged as a
critically important diagnostic tool in CJD. In certain
contexts, such as differentiation of FTD from AD,
imaging can be a valuable addition to the clinical
assessment. The arrival of amyloid imaging may
herald the emergence of a new era when imaging
of the specific metabolic abnormality associated with
each degenerative syndrome will vastly improve diag-
nostic accuracy. However, we must be cautious as
we embrace this technology in order to avoid mis-
diagnosis and to recognize the possibility of multiple
metabolic abnormalities accounting for a patient's
clinical presentation. The future of brain imaging will
likely involve combinations of imaging techniques
to identify the presence of a molecular abnormality,
to gage its impact on the brain structure and function
and to predict and follow the effects of treatment.
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Chapter

9 Epidemiology and risk factors

Kristine Yaffe and Deborah E. Barnes

Introduction
As prior chapters have discussed, dementia is a
neurodegenerative syndrome that encompasses many
different specific diseases. Alzheimer’s disease (AD) is
the most common cause of dementia, accounting
for approximately 70% of dementia cases; vascular
dementia (VaD) accounts for another 10–20%. To
date, most epidemiologic research on dementia has
examined prevalence, incidence and risk factors for
either all-cause dementia or for AD. Therefore, in this
chapter, we also will discuss primarily what is known
about the epidemiology of all-cause dementia and
AD, with reference to other specific dementias when
data are available.

The impending public health
crisis of dementia
Prevalence
The prevalence of all-cause dementia, as well as AD and
VaD, increases with age. For AD alone, prevalence may
be as high as 10% in adults over the age of 65 years
and nearly 50% in adults over 85 (Evans et al., 1989). In
2000, there were approximately 4.5 million people in the
USA with AD. It is estimated that this number will
nearly triple to 13.2 million by 2050 (Hebert et al.,
2003) (Fig. 9.1). This increase in the prevalence of AD
over the next 50 years will primarily reflect increased
life expectancy and the aging of adults who were
born during the “baby boom” after World War II
(1946–1964), who will make up an increasingly large
proportion of our population.

Incidence
The incidence of all-cause dementia, as well as AD and
VaD, rises exponentially with age, with an approximate

doubling in incidence every 5 years (Jorm and Jolley,
1998). A meta-analysis found that the overall inci-
dence of new moderate-severity dementia cases in
the USA is approximately 2.4, 5.0, 10.5, 17.7 and
27.5 per 1000 person-years for the age groups 65–69,
70–74, 75–79, 80–84 and 85–89 years, respectively
(Fig. 9.2). For AD, the age-specific incidence rates
are 1.6, 3.5, 7.8, 14.8 and 26.0, respectively. Incidence
rates are two to three times higher if mild-severity
cases are included.

Costs
In 1991, it was estimated that the total lifetime cost of
caring for a patient with AD was US$174 000 (Ernst
and Hay, 1994). Nationally, this reflected direct and
indirect costs of $67.3 billion. Given increases in the
prevalence of AD as well as inflation, current direct
and indirect costs of caring for persons with AD are
at least $100 billion (Alzheimer's Association, 2005).
These costs are expected to rise dramatically over the
next 50 years as the prevalence of disease rises and
would be even higher if other forms of dementia were
included.

The direct costs of caring for those with AD and
dementia include nursing home or paid healthcare,
especially in the later stages of the disease. However,
most people with AD live at home, and much of their
care is provided informally by family and friends
(Rice et al., 1993). The indirect costs of dementia
include lost productivity, absenteeism and worker-
replacement costs for these caregivers.

The potential for prevention
Given the dramatic increases that are expected in both
the prevalence and costs of AD and other dementias,
it is critical to identify factors that are associated
with increased disease risk and to develop successful
prevention and treatment strategies. Because AD and
most dementias occur most commonly in very old
age, interventions that delay the onset of disease
have the potential to reduce prevalence dramatically
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over time. One study estimated that delaying the
mean onset of AD by 5 years would reduce the
expected prevalence by more than 1 million cases after
10 years and more than 4 million cases after 50 years
(Brookmeyer et al., 1998) (Fig. 9.3).

Risk factors for dementia
Gender
There is no difference between women and men in the
age-specific incidence of all-cause dementia. However,
this may reflect a difference in the types of dementia

that they tend to develop. Two meta-analyses have
found that women are more likely to develop AD
than men, especially in very old age (odds ratio
[OR], 1.56; 95% confidence interval [CI], 1.16–2.10)
(Gao et al., 1998; Jorm and Jolley, 1998). This associ-
ation persists even after taking into consideration
the greater longevity of women. In addition, there
is evidence that men are at increased risk of VaD,
especially at younger ages (Jorm and Jolley, 1998).
It is possible that these gender differences reflect
differences in the risk factors that women and men
are typically exposed to (e.g. greater cardiovascular
disease in men leading to increased risk of VaD; lower
educational or physical activity levels in women
leading to increased risk of AD). However, several
large studies have found no differences between
women and men in the incidence of AD and VaD
(Rocca et al., 1998; Hebert et al., 2001), and it remains
controversial whether observed gender differences
reflect true differences in underlying disease etiology
or are the result of measurement bias or uncontrolled
confounding.

Race/ethnicity
Several studies performed in the USA have found that
the incidence of dementia and AD are approximately
two times higher in African-Americans and Hispanics
than whites (Folstein et al., 1991; Tang et al., 2001).
Interestingly, one study has found that the prevalence
of dementia among Nigerians in Africa is substan-
tially lower than among African-Americans in the
USA (Hendrie et al., 1995), even after accounting
for age and survival differences. Internationally, the
prevalences of dementia and AD appear to be lower in
Asian countries than in the USA (Japan, China and
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India) (Jorm and Jolley, 1998; Manly et al., 1999). In
addition, dementia prevalence among Japanese men
in Japan is lower than among Japanese-American men
living in Hawaii (White et al., 1996). Taken together,
these studies suggest that ethnic differences may
largely result from environmental, rather than purely
genetic, factors. Additional research is needed to
determine why these ethnic differences exist and to
develop interventions that target those at highest risk.

Education
There is considerable evidence that older adults with
greater education are less likely to develop AD and
dementia (Breteler et al., 1992; Stern et al., 1994). One
highly cited study analyzed writing samples from
nuns when they were 22 years old and found that
sisters with high idea density and grammatical com-
plexity early in life were less likely to develop AD later
in life (Snowdon et al., 1996). This may reflect, in
part, a measurement bias, in which older adults with
more education or higher intelligence perform better
on cognitive tests, making AD and dementia more
difficult to detect. However, there is growing evidence
that education may be associated with greater cogni-
tive or neuronal reserves, which may protect against
or minimize the impact of neurodegenerative dis-
orders (Stern, 2002). Studies in mice have found that
being raised in an “enriched” environment – which
includes larger cages with more mice and access to
colorful tunnels, toys and running wheels – is associ-
ated with enhanced neurogenesis in areas of the brain
involved in learning and memory as well as reduced
cerebral deposition of b-amyloid, which is a patho-
logical hallmark of AD (van Praag et al., 1999; Lazarov
et al., 2005).

Cardiovascular factors
Traditionally, AD has been viewed as a neurodegen-
erative disorder distinct from VaD. However, autopsy
studies have suggested that many patients with clin-
ical AD also have evidence of vascular pathology.
In one study, subjects who had both brain infarcts
and AD pathology at autopsy were more likely to
have exhibited the clinical symptoms of AD during
their lifetimes, suggesting that cerebrovascular disease
may influence both the presence and the severity
of clinical AD (Snowdon et al., 1997). There also is
growing evidence that risk factors for cardiovascular
disease, such as diabetes mellitus, hypertension and
high plasma homocysteine, are associated with
increased risk of dementia. Research related to each

of these risk factors, as well as the effects of combined
cardiovascular risk factors, is described in more detail
in the following sections.

Diabetes mellitus
Population-based, longitudinal studies have consist-
ently found that older adults with diabetes experienced
approximately a two-fold increase in dementia risk
(Areosa and Grimley, 2002). When specific dementia
subtypes are examined, diabetes is associated more
strongly with VaD than AD (Hassing et al., 2002;
MacKnight et al., 2002). For example, in the Canadian
Study of Health and Aging, a prospective, population-
based study of more than 5000 older adults, subjects
with diabetes experienced double the risk of VaD
(relative risk [RR], 2.0; 95% CI, 1.2–3.6) but no sig-
nificant increase in the risk of AD (RR, 1.3; 95% CI,
0.8–2.0) (MacKnight et al., 2002). Studies also have
found that older women with impaired fasting
glucose, which is a prediabetic condition, experience
a two-fold increase in the risk of significant cognitive
decline (Yaffe et al., 2004a). Additional studies are
needed to determine whether optimal glycemic con-
trol or other treatments in people with diabetes may
lower their risk of developing dementia.

Hypertension
A recent systematic review has concluded that
hypertension in midlife, especially if not treated
effectively, is associated with poor cognitive function
and an increased risk of dementia and AD in late life
(Qiu et al., 2005). In the Honolulu-Asia Aging Study,
which was a longitudinal study of approximately 3700
older Japanese-American men, the risk of dementia
was almost tripled in men who had systolic blood
pressure � 160mmHg during midlife that was not
treated with antihypertensive medication (OR, 2.8;
95% CI, 1.1–7.2) (Launer et al., 2000). In late life,
both very high systolic blood pressure and very low
diastolic blood pressure have been associated with
increased risk of dementia and AD (Qiu et al., 2005).
It has been proposed that high blood pressure may
lead to dementia by increasing the risk of ischemia
and stroke, whereas low blood pressure in late life
may lead to dementia by increasing the risk of cerebral
hypoperfusion and hypoxia. As described in more
detail in the section below on antihypertensive medi-
cations, there is some evidence from randomized,
controlled trials that treatment of hypertension may
reduce the risk of dementia, although the data are far
from conclusive and additional studies are needed.
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Homocysteine
Elevated concentrations of plasma total homocysteine
are an indicator of inadequate folate and vitamin B12

status and have been linked to a variety of poor
vascular outcomes, including increased risk of stroke,
carotid atherosclerosis, coronary artery disease and
death from cardiovascular causes (Malouf et al.,
2003). In addition, there is some evidence that high
homocysteine concentrations may be associated with
increased risk of dementia (Ellinson et al., 2004).
In the Framingham Study, in which more than 1000
older adults were followed for a median of 8 years,
elevated plasma total homocysteine levels were asso-
ciated with increased risk of both all-cause dementia
and AD, even after adjustment for plasma levels of
folate and other B vitamins (for dementia: RR, 1.4 per
1 standard deviation [SD] increase, 95% CI, 1.1–1.9;
for AD, RR, 1.8 per 1 SD increase, 95% CI, 1.3–2.5);
in contrast, low folate and vitamin B levels were not
associated with dementia risk in this study (Seshadri
et al., 2002). In the Washington Heights–Inwood
Columbia Aging Project, which included 679 older
adults followed for about 5 years, the association
between high homocysteine concentrations and AD
risk was modest and not statistically significant (HR,
1.4; 95% CI, 0.8–2.4) (Luchsinger et al., 2004). These
studies have raised hope that dietary supplementation
with folic acid and/or vitamin B12 may lower dementia
risk in older adults. However, a small number of ran-
domized controlled trials conducted to date suggest
that folic acid supplementation, with or without vita-
min B12, appears to have little or no effect on cognitive
outcomes in either healthy older adults or those with
cognitive impairment (Malouf et al., 2003).

Multiple cardiovascular risk factors
Several studies have evaluated the effects of multiple or
composite cardiovascular risk factors on risk of demen-
tia. Among members of a large health-maintenance
organization, subjects who had diabetes, hyperten-
sion, high cholesterol or were smokers at midlife were
more likely to develop dementia later in life, and the
effects of each factor were approximately additive
(Whitmer et al., 2005). Similarly, the “metabolic
syndrome,” which is a clustering of disorders that
include abdominal obesity, hypertriglyceridemia, low
levels of high density lipoprotein, hypertension and/
or hyperglycemia, has been associated with increased
risk of cognitive impairment and cognitive decline,
especially in subjects with high levels of inflammation
(Yaffe et al., 2004b). One study also found that

both diabetes and hypertension were associated with
greater cognitive decline in middle-aged adults
(Knopman et al., 2001).

Radiologically identifiable risk factors
Several studies also have found that older adults
with evidence of cerebrovascular disease on magnetic
resonance imaging (MRI) studies are at increased risk
of developing dementia, even if these did not result in
clinically recognized events such as strokes or transi-
ent ischemic attacks. In the Rotterdam Scan Study,
which is a prospective, population-based study of risk
factors for cognitive decline and dementia in the
Netherlands, subjects who had silent brain infarcts
on cerebral MRI scans at baseline were more than
twice as likely to develop dementia during follow-up
(HR, 2.26; 95% CI, 1.09–4.70) (Vermeer et al., 2003).
Furthermore, those subjects who experienced new
infarcts during follow-up exhibited a faster rate of
cognitive decline. Similarly, in the Cardiovascular
Health Cognition Study, which included cerebral
MRIs from more than 3600 older adults, imaging
findings that were associated with increased risk of
dementia included larger ventricles, white matter dis-
ease and large infarcts (Kuller et al., 2003).

Behavioral/lifestyle factors
Mental activity
There is growing evidence that mental activity
may protect against cognitive decline and dementia.
Several prospective, observational studies have found
that older adults who engage in mentally stimulating
activities, such as reading or playing games, are less
likely to develop dementia and AD (Scarmeas et al.,
2001; Wilson et al., 2002a,b; Verghese et al., 2003).
In a biracial community study of older adults in
Chicago, a 1 point increase in cognitive activity score
was associated with a 64% reduction in the risk of
developing AD (OR, 0.36; 95% CI, 0.2–0.6) (Wilson
et al., 2002a). It has been hypothesized that mental
activity may help older adults to build or maintain a
mental reserve that may delay the onset of overt
dementia symptoms (Stern, 2002).

A large, randomized controlled trial examined the
effects of cognitive training for memory, reasoning or
speed of mental processing in older adults and found
that cognitive training resulted in marked and sus-
tained improvements in the specific areas trained
(Ball et al., 2002). However, cognitive training did
not generalize across domains and did not affect every-
day functioning; its long-term impact on dementia
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incidence is not known. Additional trials of other
forms of mental activity are needed.

Physical activity
Several lines of evidence also suggest that physical
activity may protect against cognitive decline and
dementia in older adults. A meta-analysis of random-
ized, controlled trials found that sedentary older
adults who were randomized to exercise interventions
experienced short-term improvements in cognitive
function relative to controls (0.48 per 1 SD versus
0.16 per 1 SD; p< 0.05) (Colcombe and Kramer,
2003). In addition, several prospective, observational
studies have found that older adults who exercise are
less likely to experience cognitive decline and dementia
(Abbott et al., 2004; Weuve et al., 2004). In a study of
almost 6000 older women, those in the highest quartile
of blocks walked per week were 34% less likely to experi-
ence substantial cognitive decline compared with those
in the lowest quartile (OR, 0.66; 95% CI, 0.54–0.82),
after adjustment for age, education, smoking and
health and functional status (Yaffe et al., 2001).

It has been hypothesized that physical activity
could reduce the risk of dementia and AD through a
vascular mechanism, since it is well established that
physical activity reduces the risk of certain vascular
diseases and vascular risk factors (e.g. coronary heart
disease, hypertension, stroke) (US Department of
Health and Human Services, 1996). In addition, stud-
ies in mice have found that mice who are raised with a
running wheel experience enhanced neurogenesis and
reduced b-amyloid deposition that is similar in magni-
tude to that seen in those raised in a fully “enriched”
environment (van Praag et al., 1999; Adlard et al., 2005).

Alcohol
Several studies have found that light-to-moderate
drinkers have a 30–50% reduction in the risk of cogni-
tive decline, AD and VaD compared with non-drinkers
(Ruitenberg et al., 2002; Mukamal et al., 2003; Stampfer
et al., 2005), although the definition of light-to-
moderate drinking has varied substantially between
the studies (from < 1 drink/day to 1–3 drinks/day).
As with studies of the association between alcohol
consumption and cardiovascular disease, there is some
evidence of a U-shape relationship, in which high
alcohol consumption does not appear to be protective.

Smoking
Although several early case–control studies found
that smokers had a reduced risk of AD, this may have

been explained by participation or survival bias
(e.g. cases who were smokers may have been less
likely to participate in the study or more likely to
die early in the course of their disease). More recent
population-based, prospective studies have found that
the incidence of AD is approximately doubled in older
adults who are current smokers (Almeida et al., 2002).

Dietary factors
Laboratory studies have suggested that oxidative
stress may contribute to the pathogenesis of AD
(Behl, 2005), leading to the hypothesis that high diet-
ary intake of antioxidants – either through food
or supplements – might lower disease risk. In the
Rotterdam study, consumption of foods high in
vitamins E and C was associated with reduced risk of
AD, particularly in current smokers (Engelhart et al.,
2002). In the Canadian Study of Health and Aging,
subjects who reported use of either multivitamins or
combined E and C supplements were approximately
50% less likely to experience significant cognitive
decline over 5 years of follow-up (Maxwell et al.,
2005). However, several other large, prospective, obser-
vational studies have found no association between
vitamin intake (either through diet or supplements)
and dementia risk (e.g. Washington Heights–Inwood
Columbia Aging Project, Honolulu-Asia Aging Study).
Furthermore, although one randomized, controlled
trial found that subjects with AD experienced slower
disease progression when taking vitamin E compared
with those taking placebo (Sano et al., 1997), a more
recent trial found no evidence that vitamin E slowed
progression to dementia in subjects with mild cogni-
tive impairment (Petersen et al., 2005). Therefore, it
remains unclear whether the observed associations
between antioxidant use and dementia are real or
reflect uncontrolled confounding or other biases.

Results from large, prospective, population-based
studies of fish and omega-3 polyunsaturated fatty acid
(PUFA) consumption also have been mixed (Lim
et al., 2006). In the Rotterdam Study, greater fish
consumption at baseline was associated with reduced
risk of dementia (RR, 0.4; 95% CI, 0.2–0.9) and AD
(RR, 0.3; 95% CI, 0.1–0.9) over the first 2 years of
follow-up (Kalmijn et al., 1997), whereas consump-
tion of omega-3 PUFAs was not associated with
either dementia (RR, 1.07; 95% CI, 0.94–1.22) or
AD (RR, 1.07; 95% CI, 0.91–1.25) over a longer
follow-up period of 6 years (Grant, 2003). Similarly, in
the Chicago Health and Aging Project, a community-
based study of more than 6000 older adults, fish
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consumption was associated with slower rate of
cognitive decline whereas omega-3 PUFA consump-
tion was not (Morris et al., 2005). Two large random-
ized controlled trials are underway to determine
whether dietary supplementation with omega-3 PUFAs
has beneficial effects on cognitive outcomes; both are
scheduled to be completed in 2007 (Lim et al., 2006).

Psychosocial factors
Depression
Depression is associated with poor cognitive test
performance (Christensen et al., 1997) and occurs in
30–50% of dementia patients (Lyketsos et al., 2002;
Starkstein et al., 2005). Several longitudinal studies
have found that older people with depressive symp-
toms have an increased risk of cognitive decline and
dementia (Geerlings et al., 2000; Wilson et al., 2002c),
while others have found that depressive symptoms
appear to coincide with (Dufouil et al., 1996) or
follow (Chen et al., 1999) dementia onset rather than
precede it. In the Study of Osteoporotic Fractures, a
longitudinal study of almost 6000 older women, those
with high depressive symptoms at baseline were sig-
nificantly more likely to experience cognitive decline
over 4 years (adjusted OR, 2.1; 95% CI, 1.4–3.1), and
there was evidence of increased risk of dementia,
although this was of borderline statistical significance
(adjusted OR, 2.3; 95% CI, 0.9–5.9) (Yaffe et al.,
1999). A meta-analysis has concluded that the risk
of dementia is approximately doubled in older adults
with a history of depression (Jorm, 2001).

Several hypotheses have been proposed to explain
the association between depression and dementia
(Jorm, 2001): depression may be an early symptom
or prodrome for dementia in some older adults; it
may bring forward the clinical symptoms of disease,
leading to earlier diagnosis; or it may be a reaction to
early cognitive deficits in some cases. Depression also
may lead directly to hippocampal damage through an
elevation in cortisol (Brown et al., 2004). Several stud-
ies have found that cognitive function improves in
older adults following treatment of depressive symp-
toms (Butters et al., 2000; Doraiswamy et al., 2003),
while others suggest that these improvements may be a
result of practice effects (Nebes et al., 2003). Additional
research is needed to determine whether treatment of
depressive symptoms may reduce the risk of dementia.

Social engagement
Several studies have found that older adults with
limited social networks or low levels of social activities

are more likely to develop dementia (Fratiglioni et al.,
2004). In a study of more than 1200 older people
living in the Kungsholmen district of Stockholm,
Sweden, subjects who had poor or limited social net-
works experienced a 60% increase in the risk of
developing dementia (RR, 1.6; 95% CI, 1.2–2.1), after
adjustment for age, sex, education, baseline cognitive
score and depression (Fratiglioni et al. 2000). Simi-
larly, in a longitudinal study of more than 1700 older
people living in northern Manhattan, New York,
those who had engaged in social activities during the
past month at baseline were less likely to develop
dementia during follow-up (RR, 0.85; 95% CI, 0.77–
0.94) (Scarmeas et al., 2001). The social activities
examined included visiting with friends or relatives;
going out to movies, restaurants, clubs or centers;
doing voluntary community work; and going to a
church or synagogue. Fratiglioni et al. (2004) have
proposed that social, mental and physical activities
might reduce the risk of dementia by acting through
similar mechanisms, which could include increasing
cognitive reserve, reducing vascular disease and/or
reducing stress and the glucocorticoid cascade. How-
ever, a recent analysis in the Honolulu-Asia Aging
Study found that the association between low social
engagement and risk of dementia was restricted to
those subjects who experienced a decline in social
engagement from midlife to late life (HR, 1.87; 95%
CI, 1.12–3.13), suggesting that low social engagement
in late life might also reflect prodromal dementia
(Saczynski et al., 2006).

Other factors
Head trauma
After age and family history, head injury with loss of
consciousness was one of the earliest factors to be
associated with increased risk of dementia and AD
(Heyman et al., 1984). The EURODEM pooled
reanalysis of data from early case–control studies
found that a history of head injury was associated
with almost double the risk of AD (OR, 1.8; 95%
CI, 1.3–2.7) (Brayne, 1991). However, more recent
longitudinal studies, including the Rotterdam Study
and the Canadian Study of Health and Aging, have
found no significant association between head injury
and risk of AD or dementia (Mehta et al., 1999; Lindsay
et al., 2002). It is biologically plausible that head injury
could lead to the development of b-amyloid-containing
diffuse neocortical plaques, which have been observed
in some boxers with dementia pugilistica. However,
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findings from observational studies are inconsistent,
and it is unclear whether head injury represents a true
risk factor for AD or dementia.

Medications for prevention
Based on the epidemiologic findings described in the
preceding sections, several randomized, controlled
trials have been performed to investigate the use of
various strategies to prevent or delay onset of demen-
tia. In most of these studies, dementia was a second-
ary outcome, and power to detect an association
was sometimes limited. However, these trials reflect
the best evidence available of the potential of these
interventions to prevent dementia.

Antihypertensive medications
Several large-scale randomized controlled trials have
examined the possibility that treatment of hyperten-
sion in older adults might prevent cognitive decline
and dementia, with mixed results (Qiu et al., 2005).
The Systolic Hypertension in the Elderly Program
(SHEP) found that treatment of isolated systolic
hypertension with thiazide diuretics significantly
reduced the risk of stroke and cardiovascular events
but not of cognitive impairment or dementia (SHEP
Cooperative Research Group, 1991), although there
was some evidence that differential drop-out rates
in the placebo and treatment groups might have
obscured a potential beneficial effect on cognition
(Di Bari et al., 2001). In contrast, the trial of Systolic
Hypertension in Europe (Syst-Eur) found that
patients with isolated systolic hypertension who
received active treatment (which included the
calcium channel blocker nitrendipine followed by the
angiotensin-converting enzyme [ACE] inhibitor ena-
lapril, hydrochlorothiazide or both) versus placebo
experienced a 50% reduction in the incidence of
dementia (Forette et al., 1998). A third trial exam-
ined the impact of the ACE inhibitor perindopril
(with or without the diuretic inadapmide) in sub-
jects with a history of stroke or transient ischemic
attack and found that subjects in the active treatment
group experience a reduced risk of dementia with
recurrent stroke but not of overall dementia (Tzourio
et al., 2003). Additional trials are needed to clarify
which antihypertensive treatments, if any, may pro-
tect against cognitive decline and dementia, and
whether specific patient populations should be
targeted.

Statins
Evidence from in vivo, in vitro and observational
studies has suggested that statins might protect
against dementia and AD (Rea et al., 2005). However,
a recent randomized, controlled trial of statins in
more than 20 000 adults aged 40–80 years with cor-
onary disease, occlusive arterial disease or diabetes
found that, although statins were associated with
important reductions in mortality and cardiovascular
disease outcomes, no differences between the treat-
ment and placebo groups were observed for the out-
comes of cognitive impairment or dementia (Heart
Protection Study Collaborative Group, 2002). A recent
systematic review identified four randomized, con-
trolled trials of at least 6 months' duration, and none
reported finding a positive effect of statins on cogni-
tion in non-demented older people (Xiong et al., 2005).

Non-steroidal anti-inflammatory drugs
Several observational studies have found that older
adults who used non-steroidal anti-inflammatory
drugs (NSAIDs) had a reduced risk of dementia
(McGeer et al., 1996; Szekely et al., 2004). In addition,
there is considerable evidence that AD is associated
with inflammatory and immune changes in the brain,
including acute phase proteins and activated microglial
cells in and around amyloid plaques and complement
proteins around tangles (Aisen and Davis, 1994).
However, randomized, controlled trials have found
that NSAIDs do not appear to prevent AD in healthy
older people or to slow progression of disease in those
with AD (Aisen et al., 2003). Furthermore, several
selective cyclooxygenase-2 inhibitors, which are types
of NSAID, have recently been withdrawn from the
market owing to increased risk of cardiovascular events.

Hormone therapy
A large number of both biological and observational
studies had suggested that hormone-replacement
therapy might protect against cognitive decline and
dementia in postmenopausal women (Yaffe, 2001).
However, several recent randomized controlled trials
have found that, contrary to expectations, hormone-
replacement therapy has adverse effects on cognitive
outcomes. The Heart and Estrogen/progestin Replace-
ment Study (HERS) found that older women with
coronary disease who were treated with conjugated
estrogen plus progestin performed more poorly than
the placebo group on a verbal fluency test at follow-up
(Grady et al., 2002). Furthermore, the Women's
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Health Initiative Memory Study (WHIMS) found that
older women treated with conjugated estrogen, either
alone or in combination with progestin, were twice as
likely as those treated with placebo to develop demen-
tia or mild cognitive impairment (Shumaker et al.,
2003, 2004). Another trial found that estrogen was
not an effective therapy in patients with AD who had
had a hysterectomy (Mulnard et al., 2000).

Taken together, these studies suggest that conju-
gated estrogen should not be prescribed either to
prevent or to treat AD or dementia. However, it
remains possible that different formulations or doses
of estrogens may be beneficial, or at least not harmful.
A recent randomized controlled trial of raloxifene, a
selective estrogen-reuptake modulator (SERM), found
that women taking the higher dose (120 mg/day) were
33% less likely to develop mild cognitive impairment
(RR, 0.67; 95% CI, 0.46–0.98) and had slightly, but
not statistically significantly, lower risks of AD (RR,
0.52; 95% CI, 0.22–1.21) (Yaffe et al., 2005).

Vitamin E
A recent three-arm, double-blind, placebo-controlled
trial compared the effects of vitamin E, donepezil and
placebo on progression to dementia in subjects with
mild cognitive impairment (Petersen et al., 2005).
Over 3 years of follow-up, there were no significant
differences between the placebo and vitamin E groups
(HR, 1.02; 95% CI, 0.74–1.41). In the donepezil group,
the risk of progression to dementia was lower atmonths
6 and 12 but did not differ significantly from placebo at
the end of the study (HR, 0.80; 95% CI, 0.57–1.13).
Furthermore, several trials have found that vitamin
E supplementation may increase risk of cardiovascular
outcomes (Alpha-Tocopherol Beta Carotene Cancer
Prevention Study Group, 1994; Waters et al., 2002).

Summary
Several large, prospective, observational studies have
identified a variety of factors that may prevent or
delay onset of dementia and AD. These include car-
diovascular risk factors (diabetes, hypertension, high
plasma homocysteine, high cholesterol), behavioral
risk factors (lack of exercise, lack of mental stimula-
tion, no alcohol consumption, smoking, diet) and
psychosocial risk factors (depressive symptoms, lack
of social engagement). To date, randomized, con-
trolled trials of most pharmacologic interventions
have yielded disappointing results, although antihy-
pertensive medications and newer formulations of

estrogens appear to hold some potential. Additional
randomized controlled trials are needed to determine
whether other interventions, especially those that
target cardiovascular, behavioral and psychosocial
risk factors, may result in reduced prevalence and
incidence of dementia and AD over the next 50 years.
In the future, drugs that target amyloid deposition and
removal also should be evaluated for their primary
prevention potential.
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Chapter

10 Animal models of dementia

Erik D. Roberson and Aimee W. Kao

Recent decades have witnessed major advances in
diagnosing neurodegenerative diseases such as Alz-
heimer’s disease (AD) and frontotemporal dementia
(FTD), togetherwith awealth of new information about
their clinical course and natural history. However,
patients and physicians alike have been frustrated by
the lack of available treatments. Solving this problem
will require both a better understanding of the molecu-
lar mechanisms underlying these diseases and systems
for screening the efficacy and safety of new therapeutics.
There are several strategies for addressing these issues:
studies of human patients themselves and human
autopsy tissues, studies of animal models of disease,
and more reductionist (cell culture or in vitro) models
of disease. In this chapter, we will focus on animal
models of neurodegenerative diseases, summarizing
their relative advantages and disadvantages, highlighting
some of the most important and widely studied models
available, and reviewing a few important lessons that
have emerged fromanimalmodel studies in recent years.

There is no question that studies of affected patients
are the “gold standard” for understanding a human
disease. As such, animal model studies depend fully on
such human research. For example, human genetic stud-
ies has identified the mutations that have been used to
generate most animalmodels of disease. Obviously, tho-
ugh, there are advantages to using animal models, and it
is useful to consider them explicitly, as they help to clarify
both the power and the limitations of animal models.

Ability to study early stages of the disease.
Therapies are most likely to be effective
when delivered early in the disease, before
irreversible cell death or other changes
occur, making it critical to understand the
pathophysiology underlying initial stages.
Until we have sensitive biomarkers for early
disease and the resources to screen large

populations, few such “preclinical” patients are
likely to be available for research. Even then,
it is difficult to carry out the more
interventional studies (e.g. biopsy) necessary
to fully characterize a disease in such patients;
most neuropathological studies are conducted
on postmortem brains with end-stage disease.
And true experiments that involve
manipulating part of the system to determine
its effect are rarely likely to pass ethical tests.

Ability to distinguish mediators from indicators.
Imaging and neuropathological studies reveal
many of the lesions that characterize various
forms of dementia. Some of these findings
are undoubtedly causative and drugs that
prevent them could be effective therapies.
Others, however, might be compensatory
responses and blocking them could even be
counterproductive. Of course, yet others may
simply be indicators of disease with no causal
effects on the pathogenic processes.
Distinguishing between these possibilities
requires experimental manipulations (either
preventing or stimulating the effect in
question) that are not possible in patients.

Control over genetic background. It is clear that
the onset and/or severity of neurodegenerative
diseases is controlled by a variety of genes, many
of which have not yet even been identified.
In a human population, variability from genetic
diversity reduces the power of studies. Animal
model studies can be conducted on inbred
genetic backgrounds, minimizing genetic
variability and increasing statistical power.
It is worth noting, though, that variability is also
seen even in genetically identical mice,
indicating that epigenetic and/or environmental
factors also have a strong influence on
neurodegenerative pathophysiology.

Ability to perform unbiased screens. Animal
models enable both genetic and pharmacological

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.

131



screening, with the attendant power to detect
novel and unexpected interactions. Such studies
are not possible in patients, where treatment
trials are necessarily limited to agents with
a reasonable expectation of efficacy.

Of course, the power of animal models depends on
how good the models are. The validity of animal
models is often assessed with three questions. First,
is the disease model generated in a manner similar to
that believed to cause disease in humans? Most avail-
able models of dementia utilize transgenes with muta-
tions that cause familial forms of the disease in
humans, and so pass this test fairly well. Second, does
the phenotype of the disease model look like the real
disease? Most animal models have cognitive abnor-
malities and pathological lesions similar to those that
characterize human dementing diseases, although in
many cases only a partial “phenocopy” of the disease
is present. Finally, do observations in the animal
model predict similar observations in the human
condition – in particular, are treatments identified
in a model effective in patients? Here the jury is still
out, and those working in this area are eagerly
awaiting the results of clinical trials on therapeutic
strategies originally identified in animal models, such as
b-amyloid (Ab) immunotherapy.

Vertebrate models
The mainstay of most animal model work for neuro-
degenerative diseases has been the transgenic mouse.
Rodent models have several advantages for such stud-
ies. First, there is considerable anatomic conservation
of the brain structures involved. Because neurodegen-
erative diseases are characterized by a high degree
of regional specificity, this is an important consider-
ation, potentially enabling the modeling of selective
vulnerability. Second, there is a high degree of genetic
conservation between mice and humans; it is estimated
that 99% of human genes are present in mice and the
vast majority are syntenic, or in the same chromo-
somal arrangement (Tecott, 2003). Third, there are
powerful methods for analyzing rodent behavior that
enable detection of phenotypes relating to clinical
dementia syndromes, including tests of learning and
memory, motor impairment and social dysfunction
(Crawley, 2000).

The main disadvantage of rodent models is the
time and expense involved. Most of the phenotypes
are age dependent, so the mice that are used in many
studies must be aged for several months or years.

Beyond the fact that this slows the pace of mouse
model research, it also creates great expense for hous-
ing and husbandry; a large laboratory easily spends
tens of thousands of dollars per month just on animal
housing costs.

Mouse models of Alzheimer's disease
Human amyloid precursor protein models
The first animal models of AD were transgenic mice
with neuronal expression of human amyloid precur-
sor protein (hAPP) carrying familial AD mutations
(Games et al., 1995; McGowan et al., 2006). Commonly
studied lines include PDAPP and related J20 mice
(Games et al., 1995; Mucke et al., 2000), Tg2576 mice
(Hsiao et al., 1996), APP23 mice (Sturchler-Pierrat
et al., 1997) and TgCRND8 mice (Chishti et al., 2001).
In large part, these lines remain the mainstays for AD
research using animal models, including both studies
dissecting underlying pathophysiological mechanisms
and preclinical testing of new treatments.

All hAPP mice have age-dependent amyloid plaque
deposition and memory deficits (Kobayashi and Chen,
2005; McGowan et al., 2006). However, not all aspects
of AD are modeled. Neurofibrillary tangles (NFT)
do not form, although reducing endogenous tau in
these mice does preclude most of the Ab-induced
deficits (Roberson et al., 2007). Neuron loss is also not
a prominent feature (Irizarry et al., 1997a,b; Takeuchi
et al., 2000). The use of hAPPmice as an ADmodel has
been criticized by some because of the lack of NFT
pathology and neuron loss. However, they do seem to
be good models of AD-related synaptic loss and den-
dritic simplification (Mucke et al., 2000; Buttini et al.,
2002; Lanz et al., 2003; Chin et al., 2004;Moolman et al.,
2004; Wu et al., 2004; Spires et al., 2005). These mice
are best considered as an animal model of Ab-induced
neuronal dysfunction, a phenomenon that may precede
Ab-induced neurodegeneration and contribute to cog-
nitive impairment (Selkoe, 2002; Palop et al., 2006).

While the relative contributions of neuronal
dysfunction and neuron loss to AD-related cognitive
deficits await further study, it is worth noting that
hAPP mice have already contributed to the develop-
ment of many of the AD therapies now in clinical
trials (Roberson and Mucke, 2006). For example, the
plaque-clearing effects of Ab immunization were ini-
tially identified in hAPP mice (Schenk et al., 1999),
and vaccination appears to have a similar effect on
amyloid deposits in human subjects (Nicoll et al.,
2003, 2006).
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These mice have also helped to elucidate the
pathogenic role of Ab oligomers. Although their
abundant amyloid plaques were the aspect of the
phenotype that attracted the most initial attention, it
later became clear that the memory deficits in these
mice did not correlate well with the plaque load
(Holcomb et al., 1998; Westerman et al., 2002; Palop
et al., 2003; Kobayashi and Chen, 2005; Lesné et al.,
2006). Rather, the deficits in these mice seem to be
linked to synaptic dysfunction caused by soluble
oligomers of Ab (Walsh et al., 2002; Cleary et al., 2005;
Lesné et al., 2006).

Presenilin models
Mutations affecting APP are not the only genetic causes
of AD, and other mutations have also been used to
create animal models. Mutations in the gene PS1, which
encodes presenilin 1, are the most common cause of
autosomal dominant AD (Cruts and Rademakers,
2008). Mutant PS1 transgenic mice have high levels of
Ab42 (the 42-residue form of Ab) but do not form
plaques and have no striking learning and memory
deficits (Duff et al., 1996; Janus et al., 2000). However,
crossing these PS1 transgenics with hAPP mice (pro-
ducing what are called PSAPP mice) causes hAPP/
Ab-induced deficits to appear at earlier ages and with
greater severity (Borchelt et al., 1997; Holcomb et al.,
1998). This is consistent with the fact that many
mutations altering presenilin increase the production
of the more pathogenic Ab42 peptides (Borchelt et al.,
1996; Scheuner et al., 1996).

Increasing Ab production is not the only effect
of mutant presenilin, however. There is increasing
attention paid to loss-of-function effects of these
mutations (Shen and Kelleher, 2007). For example,
presenilin loss of function leads to increased calcium
release from intracellular stores (Leissring et al., 2000;
LaFerla, 2002; Kasri et al., 2006; Tu et al., 2006) and
also stimulates tau phosphorylation (Baki et al., 2004).
Conditional presenilin knockout mice (presenilin defi-
ciency during development is lethal) have abnormal
tau phosphorylation, neurodegeneration and deficits
in synaptic plasticity and learning and memory impair-
ments (Saura et al., 2004). Because these mice do not
have increased Ab levels, their abnormalities support
the idea that presenilin loss of function may contribute
to AD pathogenesis (Shen and Kelleher, 2007).

Apolipoprotein E models
While apolipoprotein E (ApoE) is not a genetic cause
per se of AD, it is by far the strongest genetic risk

factor for the disease (Farrer et al., 1997; Raber et al.,
2004; Bertram et al., 2007). There are three isoforms of
ApoE: ApoE2, ApoE3 and ApoE4. These are encoded
by three alleles, e2, e3 and e4. Roughly half of all those
with sporadic AD have at least one e4 allele (Saunders
et al., 1993). Several different ApoE-based animal
models of AD have been developed.

Most of the ApoE in normal brain is produced
by glia, but neurons produce ApoE after injury
(Xu et al., 2006). Transgenic mice expressing ApoE
from a neuron-specific promoter exhibit learning and
memory deficits in females (Raber et al., 1998, 2000).
The gender dependence of this effect is interesting
because ApoE4 is a stronger risk factor for AD in
women than in men (Payami et al., 1996). The basis
of the differential gender effect in mice may relate
to the fact that ApoE4 decreases androgen receptor
levels; because females have lower levels of circulating
androgens, they would be more sensitive to this effect
(Raber et al., 2002; Raber, 2004). Mouse models also
indicate that neuronal ApoE4 lacks the neuroprotec-
tive effects that are seen with neuronal production of
ApoE3 (Buttini et al., 1999).

Human e4 has also been “knocked-in” to the mouse
ApoE locus, retaining the endogenous sequences that
regulate the formation of ApoE. These mice have
abnormalities in synaptic plasticity (Trommer et al.,
2004). Pathogenic proteolysis also alters ApoE in
neurons (Huang et al., 2001), and mice with just this
truncated form of ApoE4 develop neurodegeneration
and behavioral deficits (Harris et al., 2003).

Combination models
In addition to the PSAPP combination model men-
tioned above, other multiply transgenic models have
been described. First, both human e3 and human
e4 transgenics have been crossed with hAPP mice,
helping to explore interactions between Ab and
ApoE. Presence of ApoE4 dramatically increases
amyloid plaque distribution relative to that seen with
ApoE3 (Holtzman et al., 2000; Buttini et al., 2002).
Interestingly, even before plaque deposition begins,
ApoE4/hAPP mice have more synaptic and behavioral
deficits than ApoE3/hAPP mice (Raber et al., 2000;
Buttini et al., 2002), suggesting that ApoE isoforms
may have differential effects on Ab oligomers, in
addition to the plaques.

Mutations in the human tau gene cause FTD, but
not AD, so models with these transgenes are discussed
in more detail below. However, many of these mutant
tau transgenes have been introduced in combination
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with other AD-related transgenes in attempts to
improve the modeling of the neurofibrillary path-
ology seen in AD. Such models include the TAPP line
(a cross between the Tg2576 hAPP line and the JNPL3
tau transgenic; Lewis et al., 2001) and the 3�Tg line,
which contains human APP and PS1 with familial
AD mutations and human tau with an FTD mutation
(Oddo et al., 2003). These lines have revealed that Ab
can stimulate tau phosphorylation and accumulation,
but that tau overexpression does not strongly affect
Ab deposits (Lewis et al., 2001; Oddo et al., 2004).

Finally, although synuclein pathology is often
thought of mostly in the context of parkinsonian
dementias, there is important clinical and pathological
overlap between these disorders and AD (Perl et al.,
1998). Doubly transgenic hAPP/a-synuclein lines
revealed that Ab stimulates synuclein accumulation
(Masliah et al., 2001). Both memory deficits and motor
abnormalities were worse in the bigenic mice than
in the singly transgenic parental lines (Masliah et al.,
2001).

Mouse models of frontotemporal
dementia
The first genetic mutations discovered to cause FTD
in humans were in the tau gene on chromosome 17
(Hutton et al., 1998; Poorkaj et al., 1998; Spillantini
et al., 1998; Clark et al., 1998), and mutant tau trans-
genic mice have remained the primary animal model
of FTD. One of the first such models was the JNPL3
line, which produces human tau with the P301L muta-
tion (Lewis et al., 2000). These mice develop progres-
sive motor deficits, neurofibrillary tau aggregates
and neurodegeneration. More recently, a line called
rTg4510 was developed, which also produces the
P301L tau mutant, but from a transgene that can be
turned off by feeding the animal doxycycline (Santa-
Cruz et al., 2005). These mice also have behavioral
deficits and neurofibrillary tau pathology, but when
the transgene is turned off, the two phenomena disso-
ciate; learning and memory impairments resolve,
while tau aggregation continues (SantaCruz et al.,
2005). This suggests that soluble forms of mutant tau
contribute to neuronal dysfunction in these mice.

The pathology of FTD reveals involvement of sev-
eral different glia types (reviewed in Roberson, 2006),
and animal models have extended our understanding
of the role of both microglia and astrocytes in FTD.
Studies with a P301S mutant line further supported the
idea that mutant tau causes synaptic loss and neuronal

dysfunction even before tau aggregates appear and
neuron loss occurs (Yoshiyama et al., 2007). In these
mice, tau-induced microglial activation appears to be
an early step in pathogenesis (Yoshiyama et al., 2007).
Cell type-specific promoters have also been used to
express mutant human tau in astrocytes (Forman
et al., 2005). These mice also develop neuronal
dysfunction before tau aggregation, apparently as a
result of impaired astrocytic glutamate uptake from
decreased expression of the glutamate transporter
GLT-1 (Dabir et al., 2006).

The rapid pace of new discoveries in FTD, includ-
ing roles for progranulin, TAR DNA-binding protein
43 (TDP-43), valosin-containing protein and charged
multivesicular body protein 2B, raises hopes and
expectations for the future (Watts et al., 2004;
Skibinski et al., 2005; Baker et al., 2006; Cruts et al.,
2006; Neumann et al., 2006). Animal models based on
these molecules are likely to contribute significantly
to our understanding of different subtypes of FTD.
In addition, most of the behavioral assessment of
FTD models to date has focused on learning and
memory, as these tests are well established from
research on AD models. Growing interest in social
function and dysfunction in rodents has produced
new behavioral methods that should enable investi-
gations into how and why FTD targets social domains.

Invertebrate models
In this section, we will summarize the potential advan-
tages of invertebrates in the study of human neuro-
degenerative disease, review what has been learned from
existing models of AD and FTD in flies and worms,
and finally discuss key questions left in the field and the
role that invertebrates may play in answering them.

Advantages and limitations of using
invertebrates to study neurodegenerative
disease
Invertebrates such as the fruit fly Drosophila melano-
gaster and the microscopic worm Caenorhabditis ele-
gans represent compelling alternative model systems
in which to study human diseases. Their compact
lifespan (averaging 25–30 days in flies and 15–20 days
in worms) allow for the observation of biological
processes from fertilization through development and
aging to death. Surprising to many, flies and worms
exhibit stereotyped behaviors, including directed
searching and foraging and conditional learning and
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memory, albeit in much simpler forms than verte-
brates. In fact, Nobel prize-winning scientist Sydney
Brenner in 1973 hand-picked the nematode C. elegans
as a model organism in which to apply recently
developed genetic techniques to study the nervous
system. These and the additional powerful tools
developed for genetic manipulation of worms and
flies represent the greatest advantage of these systems
in the study of neurodegenerative disease.

Compared with the 10 billion neurons of the
average Homo sapiens brain, the fruit fly and worm
have approximately 50 000 and 300 neurons, respect-
ively. Their nervous systems are not only much sim-
pler than that of humans, or even rodents, but they
are better characterized and understood. In fact, in
C. elegans, every neuron and its synaptic connections
have been mapped. Because of the thin cuticle lining
its body, the worm nervous system has the additional
advantage of being transparent to light microscopic
viewing. Drosophila neurodegeneration likewise can
conveniently be reflected in eye organization. Inverte-
brate neurons express many of the same molecules of
the mammalian brain. Most of the basic building
blocks of the vertebrate nervous system are present,
including ion channels, synaptic proteins and neurons
with small molecule, amino acid and neuroactive
peptide neurotransmitters (such as dopamine, gamma-
aminobutyric acid and insulin) (Bargmann, 1998;
Yoshihara et al., 2001). Although the complex behaviors
and emotions that make us human and are so tragically
lost in neurodegenerative diseases cannot be recapitu-
lated in such simple model systems, invertebrates do
exhibit stereotyped outputs from their nervous systems,
some of which can be measured, including foraging,
feeding, hibernation, reproduction, defecation and
simple learning. In some cases, these functions can
be perturbed by human disease proteins, resulting in
the deficit of a function that is both homologous
and commensurate to what is seen in humans. For
example, when mutant human a-synuclein is expressed
in Drosophila neurons, the flies show age-dependent
loss of dopaminergic neurons, develop intraneuronal
inclusions containing a-synuclein and exhibit dysfunc-
tional movement all reminiscent of Parkinson's disease
(Feany and Bender, 2000).

Another advantage of invertebrates relates to the
ease and rapidity by which genetic manipulation can
be carried out. Transgenic worms and flies can be
developed in a few weeks instead of the months–years
required to produce a transgenic mouse. Once intro-
duced, the phenotype of a transgene can be observed

across a much shorter lifespan, and since there are
fewer redundant genes in fly and worm genomes,
knock-out phenotypes are less likely to be masked.
In fact, the entire Drosophila and C. elegans genomes
have been sequenced (The C. elegans Sequencing
Consortium, 1998; Adams et al., 2000). This allows
for easy comparison between functionally or structur-
ally similar genes in different species. When a disease
gene is identified in humans, one can identify ortho-
logs in worms or flies with just a few keystrokes.
Whole genome comparisons have already shown that
there is a high degree of conservation of genes and
metabolic pathways between these organisms and
humans (Rubin et al., 2000). In fact, of 289 genes
implicated in human disease, 61% appear to have
orthologs in Drosophila (Rubin et al., 2000). Included
in this list are multiple genes mutated in neurological
disease, including genes for APP and presenilin (AD),
Notch (CADASIL), tau (FTD) and parkin (juvenile
Parkinson's disease). Whether these gene products
play the same role in invertebrates as in mammals
and whether they can serve as disease models is in
many cases yet to be determined. However, the initial
results are promising (see below).

A final advantage of invertebrate systems relates
to the number of techniques to study organisms,
cells and molecules in vivo. For example, real-time
microscopy can be used to follow the in vivo subcel-
lular localization of proteins labeled with fluorescent
protein probes. A powerful technique for single-gene
silencing in C. elegans is RNA interference (RNAi)
(Fire et al., 1998). The principle of RNAi as a genetic
tool is to silence an endogenous gene using a short
anti-sense RNA (called a short interfering RNA, or
siRNA) that hybridizes to the mRNA in question,
thus targeting that mRNA for degradation or transla-
tion arrest. In C. elegans, RNAi can be easily achieved
by feeding the worm bacteria that produce the siRNA.
For example, if one wished to study the function
of the C. elegans amyloid precursor protein, APL-1,
worms could be fed bacteria that have been engineered
to produce apl-1 siRNA. After eating this bacteria, the
siRNA would hybridize with endogenous apl-1 mRNA
in the worm cells and inhibit its expression. Such easy
genetic manipulation is not yet readily available in
vertebrate model systems, which generally require a
viral vector to introduce the siRNA into cells.

The question still remains: does invertebrate
biology reflect that of mammals with enough fidelity
that they can be effective disease models? After all,
dementia is characterized by a breakdown in the
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higher functions and abilities that make us human.
Indeed, the complex phenotypes and regional specifi-
city of neurodegenerative diseases cannot be recapitu-
lated in invertebrates. Nonetheless, at their simplest,
dementias are diseases of neuronal dysfunction and
death, and it is precisely by studying these basic
processes that greater understanding of disease can
be achieved. Science is riddled with examples of basic
research in simple organisms that ultimately have
profound and previously unforeseen practical and
disease applications in humans. One of the most
recent examples is that of the study of apoptosis or
programmed cell death. The basic mechanisms of
programmed cell death or apoptosis are not only
conserved in invertebrates, but their biology and
function was pioneered in C. elegans, for which the
Nobel prize was awarded in 2001 (Marx, 2002). This
basic research, which was pioneered in C. elegans, has
profoundly influenced human research in fields as
varied as development, aging, tumor biology and
immunology.

Invertebrate models of Alzheimer's
disease and frontotemporal dementia
Both the Drosophila and the C. elegans genomes
contain genes that are related to hAPP. In the fly,
the protein product is known as APPL (APP-like
protein) and in the worm as APL-1 (Rosen et al.,
1989; Daigle and Li, 1993). Compared with hAPP,
fly APPL and worm APL-1 have similar extracellular
E1 and E2 domains, and a highly conserved cytoplas-
mic C domain. However, these related proteins do not
encode the Ab domain of hAPP and, therefore, pro-
duce neither toxic protein fragments nor disease in
their hosts. When hAPP is transgenically produced
in a Drosophila that has had its own APPL deleted, it
can ameliorate a subtle behavioral deficit in light-
responsive movement (Luo et al., 1992). This suggests
that the two proteins have similar functions.

The function of APP has been a focus of intense
research. Work in both cell culture and invertebrate
models have shed light on this topic. Based on work
in Drosophila, proposed APP functions include
involvement in synapse generation (Torroja et al.,
1999a), fast axonal transport (Torroja et al., 1999b)
and postdevelopmental neurite arborization (Leyssen
et al., 2005). An emerging theme, that of toxic pro-
teins first attacking distal neurites, is supported by the
finding that overproduction of APP in Drosophila
results in accumulation of organelles in distal axons

as well as increased neuronal cell death. This has led
to the hypothesis that increased local concentrations of
Ab promote cell death (Gunawardena and Goldstein,
2001). Certainly work in C. elegans supports the claim
that Ab production has endogenous toxicity. When
Ab42 is expressed in worm muscle, microarray com-
parisons of gene expression show that heat shock pro-
teins and genes involved in apoptosis are upregulated
(Link et al., 2003).

A major risk factor for development of neuro-
degenerative diseases is advanced age, yet the causal
factors behind this link have been elusive. The field
of aging research grew out of the observation that
single gene mutations in C. elegans could double the
lifespan of the organism (Kenyon et al., 1993). With
an average lifespan of 2 weeks, the worm is thus
an ideal organism to study the relationship between
disease and aging. In fact, a recent report suggests
that aging can influence the development of diseases
of protein aggregation in two ways. Using a model
of AD in which Ab42 is expressed in worm muscle,
scientists have shown that the process of aging
inhibits both a cell's ability to degrade toxic low-
molecular-weight Ab42 aggregates and the ability to
detoxify these aggregates through the formation of
larger, non-toxic inclusions, which may be analogous
to AD plaques and tangles (Cohen et al., 2006).

Along with neuron loss, the formation of amyloid
plaques and NFTs are the cornerstone to a patho-
logical diagnosis of AD and this is one disease char-
acteristic in which invertebrate models have so far
fallen short. The situation is different in Drosophila
and C. elegansmodels of tauopathies. In both animals,
production of wild-type or mutant human tau causes
accumulation of insoluble aggregates (Wittmann
et al., 2001; Kraemer et al., 2003), which in some cases
were flame shaped and enriched for hyperphosphory-
lated tau (Jackson et al., 2002), just as in human
disease. Acetylcholine neurons were preferentially
affected by overproduced tau (Wittmann et al., 2001).
Tau inclusions correlated with, but followed rather
than preceded, neuronal degeneration (Jackson et al.,
2002), adding further support to the now more gen-
erally accepted idea that inclusions are a consequence
of but not causative for neurodegenerative disease
(Arrasate et al., 2004).

Work in Drosophila has further expanded our
understanding of the pathogenic mechanism of tau
by identifying tau-interacting proteins that may con-
tribute to hyperphosphorylation. Using the same
Drosophila model of tauopathy, scientists have shown
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that phosphorylation of tau by the serine/threonine
kinase PAR-1 acts as a trigger of sorts for cell death,
suggesting a central role for this kinase in tau-related
neurodegeneration (Nishimura et al., 2004). In an
example of an invertebrate being used for functional
validation of findings in mice, Karsten et al. (2006)
identified puromycin-sensitive aminopeptidase (PSA)
as being upregulated in regions of mouse brain resist-
ant to neurodegeneration after overproduction of
mutant tau. They then used Drosophila to show that
loss of PSA exacerbated tau-induced neurodegenera-
tion, while overproduction of PSA ameliorated it
(Karsten et al., 2006). These discoveries could translate
into potential therapies for several tau-related diseases.

The therapeutic potential of invertebrate
model systems
Discoveries of the basic mechanisms of neurodegen-
erative diseases are but one avenue in which inverte-
brates can contribute to the development of treatments
for AD and FTD. The complexity and phenotypic
variability of human disease coupled with ethical
considerations have also limited the use of human
subjects in the development and testing of disease
therapies. Although testing in mice is a necessary step
in ultimately bringing therapies to the bedside, drug
screening in vertebrates requires large numbers of
animals and the subsequent costs of handling and
upkeep can be prohibitive. Given their small size, ease
of handling and rapid rate of reproduction, inverte-
brate disease models have no such limitations. Conse-
quently, these model systems represent a major
opportunity to screen not only conventional drug
therapies but also the hundreds of thousands of small
molecules that are being rapidly generated in the
hope of finding novel treatments. This type of work is
ongoing and will likely yield benefits for human disease
not only in neurodegeneration but in other fields of
medicine as well.

Summary
The study of neurodegenerative disease using animal
models has already had a profound impact on our
understanding of disease mechanisms and is poised to
contribute to breakthroughs in developing disease
treatments. One lesson to be gained from these many
model systems is that no single model is ideal in
all situations. One transgenic animal model may more
closely recapitulate human disease and be useful
for studying disease progress and pathogenesis but

be impractical for unbiased genetic screening of
disease-modifying molecules. Likewise, another may
be more suited for the rapid screening of potential
therapies but lack the correct regional vulnerability
patternwhen expressed in the brain. In order to generate
meaningful scientific insight from animal models, it
is vital that they be used judiciously, in the correct
context and with the goal of answering clearly delin-
eated questions. Only then will the knowledge
gained from these animalmodels be useful in ultimately
treating and preventing neurodegenerative disease.
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Chapter

11 Neuropathology of dementia

Marcelo N. Macedo, Eun-Joo Kim and William W. Seeley

Introduction
Age-related neurodegenerative diseases represent an
increasing public health crisis. In the USA, individuals
85 years of age or older are the fastest growing
segment of society, projected to exceed 10 million
citizens before 2050.1 The risk of developing Alzhei-
mer's disease (AD) doubles every five years after age
65,2 suggesting that the prevalence of dementia will
escalate dramatically in the next 40 years.

Major advances in neuroimaging, genetics, molecu-
lar biology and neuropathology have begun to refine
our understanding of the dementias, providing hope
for new therapies. Structural and functional imaging
studies now map dementia-related regional and
network-level dysfunction in unprecedented detail,
and transgenic animals provide testable disease
models, bringing new insights into dementia patho-
genesis. Genetic studies have identified numerous
disease-causing mutations and provide a foothold
for understanding the molecular pathology of de-
mentia. Conversely, careful separation of patients
with dementia into pathologically homogeneous
groupings has accelerated the search for new causative
mutations. Accurate prediction of pathology will
become even more critical when molecule-specific
treatments emerge.

With new discoveries and shifts in opinion, diag-
nostic frameworks for dementia have evolved rapidly.
Formal clinical and pathological diagnostic research
criteria for the dementias continue to be revised, with
the goal of optimizing clinical–pathological correl-
ations. However, even among patients seen at dementia
referral centers, clinical and pathological diagnoses
remain discordant in a significant minority of pati-
ents.3,4 Necessarily, neuropathology remains the gold
standard for dementia diagnosis.

This chapter reviews the neuropathology of demen-
tia from the behavioral neurologist's point of view,
relating commonly encountered clinical syndromes to
histopathological disease signatures seen at autopsy.
Each disorder features a characteristic pattern of early
neuronal and regional vulnerability, with resulting
neurological first symptoms. In turn, each disorder
shows a typical progression of regional degeneration
with associated downstream symptoms and histo-
pathologic hallmarks that reflect specific disease genes
and proteins. Nonetheless, overlap and uncertainty
continue to complicate the task at the bedside and
at the microscope, and we highlight these ambiguities
throughout the chapter. Whenever possible, we empha-
size the distinction between clinical and pathological
terms, seeking to maintain clarity and underscore
lingering challenges in clinical–pathological correlation.

Selective vulnerability
Selective vulnerability provides a unifying framework
in neurodegenerative disease. Patients decline because
aberrant, misfolded proteins disrupt homeostasis
within specific neurons found in specific brain regions
that participate in large-scale distributed neural net-
works to support cognition, behavior and movement.
Each dementia illustrates these principles in a different
way, as highlighted in Table 11.1. In the clinic,
the behavioral neurologist relies on selective vulner-
ability; without it, each disorder would present with
global deficits early on, making differential diagnosis
even more precarious.

For the neuroscientist studying dementia, limited
information is available about how selective vulner-
ability works. Why do neurons that die early in one
disease persist through end stages of another? These
natural experiments may harbor critical information
about the mechanisms that undermine – or protect –
neuronal populations. Furthermore, successful demen-
tia treatments may require better models of how disease
proteins interact with disease-susceptible neurons
and networks.

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.
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The dementias
To constrain the scope of this chapter, we focus on
the degenerative dementia syndromes commonly
encountered by the dementia specialist. Across these
conditions, shared underlying histopathological features
include, to varying degrees, the presence of reactive
gliosis, microvacuolation and synapse loss, followed by
neuronal drop-out, more extensive gliosis and loss of
cortical architecture.5,6 These changes are accompanied
by cortical and subcortical volume loss, which can be
appreciated grossly at autopsy or in vivo with high-
resolution magnetic resonance imaging (MRI). Dis-
tributed patterns of regional atrophy may reflect
a tendency of neurodegenerative diseases to target
specific functional networks of interconnected brain
regions.7 Culprit neurons, vulnerable within these
networks, have been identified for some diseases but
not others. In the following sections, we touch briefly
on the clinical, neuronal and regional features of each
disease, en route to a more detailed discussion of
the signature underlying histopathologies.

Alzheimer's disease
Alzheimer's disease (AD) accounts for more than
half of all patients with dementia8 and remains the
best characterized disease in its class. The overall US
prevalence of AD is estimated at 4.5 million, translat-
ing to roughly 1600 per 100 000, with an incidence
of 14 per 1000 person-years after age 65.1,9 Early
symptoms most often involve anterograde episodic
memory impairment, which reflects hierarchical
pathology within the medial temporal lobe.5,10,11

Layer II entorhinal cortex pyramidal neurons are
strikingly affected, isolating the hippocampus from
a vital input source.12 Perhaps because of the ana-
tomic and functional connectivity of medial temporal
with posterior cingulo-parietotemporal structures,
evidence for dysfunction within parietal association
cortex is seen even in presymptomatic individuals
genetically at risk for AD.13 Particularly in patients
with early-onset AD, first symptoms may also empha-
size language,14,15 visuospatial,15 primary or secondary
visual15,16 or even frontal-executive deficits.17 Promi-
nent, early social–emotional or motor system com-
plaints should raise suspicion for an alternative
diagnosis.

The typical AD brain shows hippocampal atrophy,
with diffuse and relatively symmetric volume loss
in parietal, temporal and frontal association cortices.
This pattern is more pronounced in posterior than

anterior brain regions. Primary motor and sensory
cortices may be conspicuously spared, even into
advanced clinical dementia.18 The neuropathological
hallmarks of AD are shown in Fig. 11.1. Despite
advances in AD molecular pathophysiology, neuritic
plaques and neurofibrillary tangles (NFTs) remain the
diagnostic hallmarks of the disease 100 years after
their first description.19 The neuritic plaques are com-
plex spherical structures composed of extracellular
deposits of b-amyloid peptide Ab42, which forms a
central core. The remainder of the sphere is composed
of a halo of dystrophic neurites, with interspersed
Ab42 peptide. Small numbers of reactive astrocytes
and activated microglia complete the neuritic plaque
complex. Diffuse plaques, in contrast, lack a dense
core and radially oriented dystrophic neurites, and
are less reliable in distinguishing patients with
dementia from healthy aged individuals.20 The NFTs
are insoluble intracellular aggregates of abnormally
hyperphosphorylated microtubule-associated protein
tau.21 Both neuritic plaques and NFTs are easy to
detect with silver stains, such as Bielschowsky or
Gallyas, or by immunohistochemistry using antibodies
to Ab (neuritic plaques) or hyperphosphorylated tau
(NFTs).While neuritic plaques tend to be evenly distrib-
uted across the neocortex, with less specific laminar
distributions, NFTs target mesial temporal structures,
especially layers II and IV, possibly explainingwhyNFT
distribution better corresponds with clinical impair-
ment than the pattern and number of neuritic
plaques.22,23 Granulovacuolar degeneration, neuronal
loss, amyloid deposition in the subarachnoid and cere-
bral arteries (amyloid angiopathy), Hirano bodies and
glial reactions are additional AD histological features
not routinely used to diagnose or stage disease.24–27

Several published research criteria compete for a
role in AD pathological diagnosis. The Consortium to
Establish a Registry for Alzheimer's disease (CERAD)
criteria use semiquantitative neuritic plaque frequency
adjusted for age and the presence of dementia.28 Braak
and Braak defined six stages of NFT pathology29 in
which AD progresses from transentorhinal (stage I)
and entorhinal (stage II) regions in early disease to
limbic areas (stages III, IV), the neocortical sensory
association and prefrontal regions (stage V), and
finally primary sensory and motor fields (stage VI).
In 1997, the National Institute on Aging and the
Ronald and Nancy Reagan Institute of the Alzheimer's
Association proposed the NIA–Reagan criteria, which
combined the modified CERAD criteria with Braak
staging methods and required clinical dementia to

Section 1: Introduction

144



make a final “high likelihood” AD pathological
diagnosis.30 Despite all of these efforts, AD hetero-
geneity continues to challenge existing frameworks.
Patients with symptoms before age 65, for example,
show a significantly greater frontoparietal neuritic
plaque and NFT burden and synapse loss compared
with older patients with AD.31,32 Similar neuroimaging
findings, using both functional and structural
approaches, have been reported.33,34

Prevailing theories of AD pathogenesis emphasize
the overproduction and accumulation of neurotoxic
Ab42 and other oligomeric forms of soluble Ab.
These toxic species are derived from abnormal
processing of amyloid precursor protein (APP) and,
according to this amyloid cascade hypothesis, cause
direct neuronal degeneration.35 Other disease models
emphasize tau. The production and accumulation of
hyperphosphorylated tau protein has been hypothe-
sized to cause microtubule dysfunction, compromis-
ing axonal transport and leading to synaptic loss
and ultimately retrograde degeneration.36 Molecular
genetic studies of familial AD have revealed auto-
somal dominant inheritance patterns in individuals
with early-onset AD,37 in association with three
genes: APP on chromosome 21, PS1 (presenilin 1)

on chromosome 14, and PS2 (presenilin 2) on
chromosome 1.38–40 In part because these mutations
directly or indirectly increase Ab production, the
amyloid cascade is widely considered the most rele-
vant pathogenic mechanism in AD. However, neuritic
plaques are often found in non-demented elderly
brains,41 and, as mentioned, NFT frequency is more
strongly correlated than neuritic plaque frequency
with clinical AD severity. These observations under-
score the amount remaining to be learned about the
etiology and pathogenesis of AD.

Frontotemporal lobar degeneration
Frontotemporal lobar degeneration (FTLD) is a
pathological umbrella term that refers to a group of
disorders united by degeneration of the frontal lobes,
anterior temporal lobes or both. The term frontotem-
poral dementia (FTD), in contrast, now most com-
monly refers to the clinical syndromes that result
from FTLD pathology (Fig. 11.2). Symptoms typically
begin in the sixth decade of life, and the prevalence
of FTD, 15 per 100 000, equals that of AD among
dementia patients under age 65 years.42 The incidence
of FTD is 3.3 per 100 000 person-years for ages 50 to
59, also equal to that of AD.43

Fig. 11.1. Alzheimer's disease. (A) Neuritic plaques (NPs) and neuron loss in entorhinal cortex. The NPs show dense cores and radially
oriented dystrophic neurites. (B) A typical neurofibrillary tangle in CA1. Bielschowsky silver stain. (C) Beta-amyloid immunohistochemistry
demonstrates frequent plaques in posterior cingulate cortex, accompanied by cerebral amyloid angiopathy (inset). Hematoxylin counterstain.
(D) Immunohistochemical stains for hyperphosphorylated tau show aggregation in neurofibrillary tangles and cortical dystrophic neurites.
(CP-13 antibody, courtesy of Dr. Peter Davies.) Hematoxylin counterstain. Scale bars¼ 50 mm.
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Research criteria for FTD have specified three
major clinical subtypes: a behavioral variant (bvFTD),
semantic dementia (SD) and progressive non-fluent
aphasia (PNFA).44 Each subtype features a distinctive
set of early deficits, relating to focal neurodegenera-
tion within vulnerable cortical regions (Fig. 11.3). The
behavioral variant, sometimes referred to as frontal
variant FTD or simply FTD, is the most common of
the three subtypes and begins with prominent
changes in social cognition, emotion and behavior.
Typical early symptoms include apathy, disinhibition,
repetitive and compulsive behaviors, and a failing
ability to represent the self and others, manifesting
as shallow insight and lack of empathy. In parallel,
patients develop early focal degeneration of the pre-
and subgenual anterior cingulate cortex and frontal
insula, as well as the rostromedial frontal cortex
(reviewed by M. L. Schroeter et al.45). Based on neu-
roimaging46,47 and pathologic48 studies of very mild
bvFTD, these paralimbic regions may represent the
sites of earliest injury. Semantic dementia, also
referred to as temporal variant FTD, presents with
progressive loss of meaning for words, objects and
emotions as a result of focal degeneration of the tem-
poral poles and amygdalae.49,50 Affected patients with
greater left-sided atrophy first develop naming and
comprehension deficits, accompanied by fluent, empty
spontaneous speech. Right-hemisphere predominant
SD, in contrast, manifests as early emotional detach-
ment and failure to comprehend the feelings of
others, followed by face recognition difficulties.44,51,52

Left- and right-hemisphere symptoms then appear in
all patients as the illness encroaches on whichever
temporal pole was less affected at onset. The third
FTD subtype, PNFA, is defined by non-fluent speech
with agrammatism, phonemic paraphasias and
anomia, often with speech apraxia, reflecting dominant
inferior frontal, perisylvian and dorsal insular degener-
ation.14 Motor neuron disease (MND) may co-occur
with bvFTD-like symptoms or, less commonly, with
SD or PNFA,53 and the term FTD-MND has been
applied to each of these scenarios. Most commonly,
FTD-MND affects lower motor neurons to the bulbar
and upper limb musculature.

The gross FTLD pathology pattern depends more
on the clinical syndrome than on the underlying
histopathology (Figure 11.3). Atrophy is almost
always more prominent anteriorly but distributes
unevenly in frontal vs. temporal lobes and right vs.
left hemispheres. Affected regions show cortical thin-
ning, blurring of the gray-white junction, and ex vacuo
ventricular enlargement. The anterior corpus callo-
sum, basal ganglia and substantia nigra may also
show prominent atrophy.54 At the microscopic level,
the field now recognizes two major FTLD histopatho-
logical subcategories, based on the associated intra-
cellular inclusion proteins: tau-positive FTLD (FTLD-
tau) and TDP-43-positive FTLD (FTLD-TDP).55 Addi-
tional subtypes are recognized but account for only
a small minority of patients (Figure 11.2).

FTLD-tau encompasses Pick's disease, corticoba-
sal degeneration (CBD), progressive supranuclear

Frontotemporal lobar degeneration (FTLD)

FTLD-tau FTLD-TDP

Type 1 Type 2
Pick’s
3R tau

CBD
4R tau

PSP
4R tau

FTDP-17
(MAPT )

Tau NOS
3R/4R tau FTLD -IF

FTD-MND

FTLD-Other
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(PGRN)
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(VCP)

aFTLD-U
FTD-3

(CHMP2b)

Semantic
Dementia

Progressive
Nonfluent Aphasia

Behavioral variant
(bvFTD)

FTLD-ni

Frontotemporal dementia (FTD) 
Fig. 11.2. Classification and pathological
correlates of the frontotemporal dementias.
Colored boxes illustrate the approximate
proportion of patients with each syndrome
who are found to have FTLD-tau (orange) vs.
FTLD-TDP (blue) vs. other FTLD pathology
(green). Strong genetic associations with each
subtype, if known, are shown in parentheses.
MND, motor neuron disease; CBD, corticobasal
degeneration; PSP, progressive supranuclear
palsy; FTDP-17, frontotemporal dementia with
parkinsonism linked to chromosome 17; PGRN,
progranulin; VCP, valosin-containing protein;
aFTLD-U, atypical FTLD with ubiquitin-positive
inclusions; FTD-3, FTD linked to chromosome
3 mutations in the charged multivesicular
body protein 2b (CHMP2b); FTLD-IF, FTLD with
neuronal intermediate filament inclusions;
FTLD-ni, FTLD with no inclusions.
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palsy (PSP), and frontotemporal dementia with par-
kinsonism linked to chromosome 17 (FTDP-17).
These heterogeneous disorders feature filamentous
tau deposits in neurons and glia as their most salient
histopathological hallmark.56 Tau has six isoforms in
the adult brain, generated through alternative splicing
of exons 2, 3, and, 10. Exon 10 encodes the fourth
repeated sequence, resulting in three 3-repeat (3R)
and three 4-repeat (4R) isoforms. Pick's disease is
usually a 3R-tauopathy. FTDP-17 may include 3R,
4R or a mix of 3R and 4R isoforms. In the majority
of CBD and PSP cases, the 4R isoform predomin-
ates. 54 Add itional ta uopathies hav e been de scribed
that do not fall cleanly into one of the major FTLD-
tau subtypes.57

The pathological hallmark of Pick's disease is the
Pick body, a round, circumscribed, argyrophilic neur-
onal cytoplas mic inclusi on (Figur e 11.4). Pick cells,
swollen, achromatic ‘ballooned’ neurons, further
support the diagnosis.58 Pick bodies stain positively
with Bielschowsky but not Gallyas silver staining,59

and they are easy to detect among hippocampal
denta te gyrus granu le cells due to the high neu ronal
density of this region. Pick body detection in superficial
layers of affected cortex is less reliable, and the relation-
ship between these inclusions and the overall degenera-
tive process remains uncertain. Pick bodies may
also be found in amygdala, basal ganglia, and brain-
stem monoaminergic nuclei.58 Most Pick bodies stain
positively with hyperphosphorylated tau protein
immunohistochemistry. Other tau-immunoreactive
findings, such as less well circumscribed neuronal

cytoplasmic and glial inclusions of various morpholo-
gies, including gray and white matter coils, threads,
and so-called ramified astrocytes (Figure 4) are also
variably detected in Pick's disease.60 FTDP-17 was
initially reported by Wilhelmsen et al.61 as a single
FTD family linked to chromosome 17q21-22 and
Hutton et al.62 identified the culprit gene,MAPT, four
years later. Now numerous families have been
described that share FTD clinical features, parkinson-
ism, amyotrophy, tau pathology, and mutations
in MAPT,63–65 cultivating the notion that FTLD-tau
subtypes belong to a common family.

FTLD-TDP, perhaps the most common FTLD
subcategory,66 features ubiquitinated TDP-43 immu-
noreactive neuronal inclusions, also easy to visualize
in dentate granule cells and affected cortex (Figure 5).
Four major FTLD-TDP subtypes, based on the sub-
cellular localization and laminar distribution of path-
ology, have been described.67,68 While FTLD-TDP
subtyping remains a matter of active study, it seems
clear that some patients feature TDP-43 inclusions
nearly confined to long, swollen dystrophic neurites,
whereas others show neuritic and perikaryal inclu-
sions that vary in size, shape, and compactness. In
familial FTLD-TDP due to mutations in progranu-
lin (PGRN) and in so me patien ts with sporad ic
disease , cigar-sh aped or lentifo rm intranucle ar
neuron al inclusi ons 69 can be found in af fected
cortical and limbic regions. When these various
pathomorphologies co-occur with upper or lower
motor neuron loss, the term FTLD-MND is
applie d. 70 Imp ortantly, mutation s in the gen e

Fig. 11.3. Contrasting regional vulnerability patterns in frontotemporal dementia. Coronal slabs near the temporal pole demonstrate
regions of early and severe degeneration (arrowheads) in the three major FTD syndromes. BvFTD targets orbital frontoinsular and medial
frontal structures, SD the inferior temporal pole (and frontoinsula). In PNFA, there is prominent dorsal and lateral frontal atrophy,
including Broca's area (arrowheads). Underlying histopathologies for the cases shown are listed in parentheses. PNFA photograph courtesy
Dr. Ian Mackenzie.
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Fig. 11.4. Pick's disease. (A) Pick bodies are circumscribed, neuronal cytoplasmic inclusions detectable with hematoxylin and eosin stains
(inset), whereas Pick cells are ballooned, achromatic neurons. A ballooned von Economo neuron (arrow) in anterior cingulate cortex is shown
with a neighboring pyramidal neuron (arrowhead). Cresyl violet. (B) In this patient with behavioral variant frontotemporal dementia, tau
immunohistochemistry reveals frequent cortical Pick bodies and associated glial pathology, including glial threads and ramified astrocytes
(arrowheads). (C–E) Pick bodies are easily detected in dentate granule cells with the Bielschowsky silver stain (C) and tau
immunohistochemistry (E, CP-13 antibody), but not the Gallyas silver stain (D). Scale bars, 25 mm (A,B) and 50mm (C–E).

Fig. 11.5. FTLD-TDP. (A) FTLD-TDP often shows scattered TDP-43-immunoreactive pathology, including neuritic profiles as seen in the
inferior temporal pole of this patient with semantic dementia (FTLD-TDP, type 1 (68)). (B) Rounded, neuronal cytoplasmic inclusions are
also commonly seen in dentate gyrus (shown) or other affected regions. Ubiquitin immunohistochemistry, hematoxylin counterstain.
(C) Neurons containing TDP-43 cytoplasmic inclusions (arrows) lack normal nuclear TDP-43 immunoreactivity (seen here in adjacent
dentate granule cells without inclusions). TDP-43 immunohistochemistry, hematoxylin counterstain. (D, E) TDP-43-immunoreactive
inclusions are also found in hippocampus, frontal cortex, and motor neurons from patients with ALS and FTLD-MND (shown). Scale bars
indicate 50 microns.
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encoding TDP-43 (TARDBP) cause amyotrophic
lateral sclerosis, affirming the pathogenic role of
TDP-43 and the link between FTD and MND.71

When FTLD pathology is neither tau nor TDP-43
immunoreactive, it is described according to the
relevant inclusion protein, if known, or using
other descriptive terminology. For example, FTLD
with neuronal intermediate filament inclusions is
now referred to as FTLD-intermediate filament
(FTLD-IF). This illness features inclusions that stain
positively with neurofilament antibodies, ubiqutin,
and a-internexin but negatively for tau, a- synuclein,
and TDP -43.72 –75 Alpha- internexin may be the most
sensitive marker for these inclusions,74 but the precise
role of this protein in FTLD-IF pathogenesis remains
uncertain. The term dementia lacking distinctive
histopathology (DLDH, now referred to as FTLD-no
inclusions, or FTLD-ni) played an important role in
identifying autopsied patients with non-Pick's, non-
AD dementia,76 but most patients previously given
this label were later found to have had FTLD-TDP.77

Other important subtypes within the non-tau, non-
TDP category include atypical FTLD with ubiquitin
positive inclusions (aFTLD-U) and FTD-3, which
results from mutations in CHMP-2b and shows
ubiquitinated inclusions containing no known disease
protein.78–80

Important clues to the FTLD pathogenesis puzzle
have been amassed in the past four years. In 2006,
chromosome 17q21 mutations in PGRN were identi-
fied as a major cause of familial tau-negative FTLD,
and the pathology in these patients was later confirmed
to be FTLD-TDP. 81– 83 Desp ite the clo se rela tionsh ip
between FTLD-TDP and FTLD-MND, PGRN muta-
tions rarely underlie familial FTLD-MND,84 for
which causative genes remain unknown. Progranu-
lin is a growth factor involved in cell proliferation
and repair, and most mutations described to date
result in haploinsufficiency.85 Consequently, progra-
nulin replacement strategies for patients with famil-
ial FTLD-U represent an exciting frontier in FTD
treatment.

No histopathological staging system has been
adopted for FTLD research, in part owing to the
anatomical and pathological heterogeneity of the dis-
order. Using gross anatomical observations, however,
Broe and colleagues48 proposed an FTLD morpho-
logical staging scheme, suggesting that degeneration
begins in dorsomedial and orbital-insular frontal
cortices and hippocampus (Stage 1); spreads to other
anterior frontal regions, temporal poles, and basal

ganglia (Stage 2); undercuts white matter, leading to
lateral ventricular dilatation and callosal thinning
(Stage 3); and finally produces severe diffuse atrophy
throughout the anterior brain, encroaching on pos-
terior temporal and parietal regions (Stage 4). Within
the sites of early FTLD atrophy, no population of
selectively vulnerable neurons had been identified
until 2006, when von Economo neurons (VENs) were
shown to undergo early, selective dropout in FTLD
but not AD.86 VENs are large, bipolar projection
neurons found only in anterior cingulate and fron-
toinsular cortex (Figure 6). Though the connectivity
and functions of these cells remain to be elucidated,
VEN-containing regions form the core of the FTLD
anatomic injury pattern,45 may represent the sites of
earliest injury,47,48 and show robust functional con-
nectivity in the healthy human brain.87 Intriguingly,
VENs have been identified only in great apes,
humans, cetaceans and elephants: large-brained
mammals that may share social-emotional functions
lost in FTD.88,89 Further investigations are needed to
define the basic biology of these cells and the circuits
to which they contribute.

Imperfect correlations persist between FTD clin-
ical syndromes, on the one hand, and FTLD patho-
logical subtypes, on the other. Nonetheless, recent
studies have clarified the most common associations.
BvFTD remains the most challenging prediction
problem, with roughly equal numbers resulting
from FTLD-tau and FTLD-TDP.4,90 SD usually
reflects FTLD-TDP, though a significant minority
may have underlying Pick's disease or even AD
pathology.90–92 PNFA is most often a tauopathy,91,93

CBD or PSP, and commonly clinical PNFA evolves
into a corticobasal or PSP-like syndrome after
an initial period of isolated language and motor
speech impairment.94 Clinical FTD with MND is
almost always due to FTLD-MND, with TDP-43
immunoreactive inclusions in affected cortex and
motor neurons. These relationships are illustrated in
Figure 11.2.

The dementia–movement disorder
tauopathies: corticobasal degeneration
and progressive supranuclear palsy
Corticobasal degeneration (CBD) is an under-
recognized neurodegenerative illness with a prevalence
of 5–7 per 100 000, and an incidence of 0.6–0.9 per
100 000 per year, though these estimates may more
accurately reflect the numbers presenting to movement
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disorders specialists.95 Men and women are equally
affected,96 with a mean age of onset in the early
sixties,97,98 and the disease is usually sporadic. We
now recognize that CBD can accompany the PNFA
syndrome, as just described, or a movement disorder
with salient cognitive–behavioral manifestations. The
classical movement disorder features progressive,
asymmetric, akinetic-rigid parkinsonism; dystonia;
myoclonus; and cortical signs, such as limb apraxia,
visuospatial dysfunction, alien limb phenomena or
cortical sensory disturbance. All are related to medial
frontoparietal and striatopallidal degeneration.
Regardless of the most function-limiting aspect of
the CBD syndrome, cognitive impairment is common
and often involves executive functions, verbal fluency,
praxis, visual construction or hemispatial attention.99

Patients with early, debilitating dystonia and par-
kinsonism are difficult to assess for cognitive

impairment, possibly undermining prior attempts to
document dementia in the illness.100–102

At autopsy, patients with CBD exhibit frontal,
parietal and insular atrophy with sparing involvement
of temporal and occipital cortex (see Fig. 11.2).
Although profound asymmetry may be more common
in CBD than other disorders, a symmetric pattern is
also seen in some patients. Pre- and postcentral gyri are
affected, consistent with the cortical motor and sensory
signs seen in CBD antemortem. Nigral depigmentation
can be prominent, but otherwise the brainstem is grossly
unremarkable. Microscopically, tau-immunoreactive
astrocytic plaques are considered by some to be the
most specific histopathologic marker (Fig. 11.7).
These annular clusters of short astrocytic processes
are found in both affected neocortex and affected
striatum; they may be difficult to identify in some
patients with CBD, and, to complicate matters, can

Fig. 11.6. Von Economo neurons (VENs): an early cellular target in frontotemporal lobe degeneration (FTLD). (A,B) Normal anterior cingulate
cortex VENs in a neurologically unaffected control. The VENs are large projection neurons with a bipolar dendritic architecture (A) that
form clusters near small arterioles (B, center). Cresyl violet. (C) In Alzheimer's disease, VENs show no selective vulnerability, do not form tangles
and maintain normal clustering and morphology despite local neurofibrillary pathology. CP-13 antibody, cresyl violet counterstain.
(D) In Pick's disease, VENs are severely depleted, and surviving neurons often show dense hyperphosphorylated tau protein accumulation.
CP-13 antibody, hematoxylin counterstain. (E) In FTLD-TDP, VENs may exhibit abnormal twisting and kinking of proximal dendrites and
neuronal cytoplasmic inclusions (not shown). Cresyl violet. Scale bars, 25 mm (A,E) and 50mm (B–D).
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be seen sparsely populating the cortex in PSP.103

Dense white matter involvement with tau-positive
glial threads and small round oligodendroglial inclu-
sions referred to as coiled bodies, however, are nearly
universal in CBD and distinguish it from Pick's dis-
ease and PSP. Thorny astrocytes, ballooned neurons
(also seen in Pick's disease), and tau-positive neuronal
cytoplasmic inclusions called coiled tangles or pre-
tangles may also be seen in affected cortex.60

Progressive supranuclear palsy (PSP) is a cognitive–
behavioral–movement disorder, also typically spor-
adic, that affects both men and women and has a
mean onset in the sixth decade.104 The crude and
age-adjusted prevalences of PSP are 6.5 and 5 per
100 000, respectively.105 Early symptoms include axial
rigidity with gait instability, often leading to recur-
rent, dramatic injurious falls facilitated by frontally
mediated apathy, mental rigidity, executive dysfunc-
tion and poor judgement. An oculomotor disorder
soon accompanies the syndrome and worsens falling,
especially when patients travel downward on slopes or
stairways while impulsively bypassing the precaution
of handrails. Square wave jerks are followed by slowed
saccades, vertical greater than horizontal, before a
full-blown supranuclear gaze palsy (also worse for

vertical gaze) emerges. Pseudobulbar palsy, featuring
dysarthria, dysphagia and emotional incontinence,
may also occur in later stages. The cognitive executive
syndrome is usually not late. Indeed, early onset cog-
nitive–behavioral dysfunction (at least two of apathy,
impairment in abstract reasoning, decreased verbal
fluency, utilization or imitation behavior, or frontal
release signs) provides supportive evidence for PSP
according to published research criteria.104

At autopsy, PSP cortical atrophy, if present, is
usually subtle and frontal. In contrast, diencephalic,
dorsal midbrain and cerebellar dentate atrophy is
prominent enough to be seen grossly. Globus pallidus,
subthalamic nucleus, superior colliculus and superior
cerebellar peduncle (carrying dentate nucleus efferents)
are particularly affected.106 On microscopic examin-
ation, rounded or globe-shaped NFTs, referred to as
globose tangles (Fig. 11.7), are distributed throughout
affected brainstem nuclei and are considered diagnos-
tic of PSP in the absence of extensive AD-type (flame-
shaped) cortical NFTs and neuritic plaques. In PSP,
tau immunohistochemistry demonstrates both glial
and neuronal inclusions. Glial cells featuring tau-
positive and argyrophilic inclusions, referred to as
tufted astrocytes, are more common in PSP than in

Fig. 11.7. Overlapping tau pathology in corticobasal degeneration (CBD) and progressive supranuclear palsy (PSP). In CBD, tau pathology
takes the form of astrocytic plaques (A, Gallyas silver stain) and dense glial thread and coil pathology that fills the white matter (B, CP-13
antibody). Subcortical white matter tauopathy is accompanied by exuberant subcortical reactive astrocytosis (C, antibody to glial fibrillary
acidic protein). Thorny astrocytes (D) and coiled tangles (E) may be seen in both CBD and PSP (Gallyas silver stain), while tufted astrocytes
(F, CP-13 antibody) are more characteristic of PSP. Conspicuous globose tangles in the midbrain make the PSP diagnosis (G,H, Gallyas).
Scale bars, 25 mm (A,H) and 50mm (B–G).
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CBD, though they can be seen in both (Fig. 11.7).107

Thorny astrocytes, also seen in CBD, are seen in PSP-
affected cortex, highlighting the close pathomorpho-
logical kinship of these related tauopathies.

The clinical108 and pathological60 overlap between
PSP and CBD highlights an emerging and important
nosological problem with how we conceptualize
neurodegenerative diseases. Patients with the clinical
PSP syndrome may have pathological features more
consistent with CBD and vice versa, even among
family members with an identical tau mutation.109

Both CBD and PSP are associated with 4R isoform
tauopathy and the H1 tau haplotype, further support-
ing their close affiliation.110 Even so, why two diseases
with such extensive pathophysiological overlap so
often manifest with divergent clinical presentations
remains an important problem to be solved.111,112

The dementia–movement disorder
synucleinopathies
Dementia with Lewy bodies
Dementia with Lewy bodies (DLB) is the second
overall cause of dementia after AD, accounting for
15–25% of cases in published autopsy series.113–115

It typically occurs in later life, with a mean onset of
75 years of age.116 The dementia involves prominent
attentional deficits, executive dysfunction and visuo-
spatial impairment. According to the revised DLB
clinical consensus guidelines, fluctuating cognition,
recurrent visual hallucinations and parkinsonism
remain the core clinical diagnostic features.117 Thus,
with dementia as a required feature, any two of three
core features warrant a probable DLB diagnosis, while
one of two core features suffice for possible DLB. The
criteria also include three suggestive features, REM
sleep-behavior disorder, severe neuroleptic sensitivity
and low dopamine transporter uptake in basal ganglia
demonstrated by imaging (single-photon emission
computed tomography or positron emission tomog-
raphy). Any of these with at least one core feature
suffice for probable DLB; possible DLB is assigned to
patients with dementia who lack core features but
have at least one suggestive feature. Repeated falls,
syncope and autonomic dysfunction (e.g. orthostatic
hypotension, urinary incontinence), delusions and
visual misperceptions and distortions are also com-
monly associated with the illness.

The brain in DLB may appear surprisingly normal
or show minimal frontal or parietal atrophy on gross
examination.118 A depigmented substantia nigra and

locus coeruleus are often seen in the brainstem.
Disruption of these and other ascending brainstem
monoaminergic streams may account for the mis-
match between widespread cognitive impairment
and mild gross atrophy. The diagnostic histological
hallmark is the Lewy body (LB), a rounded intracyto-
plasmic inclusion containing a-synuclein. Two LB
subtypes, brainstem and cortical, have been described
based on morphological features and regional
distribution. Brainstem LBs feature the classical LB
morphology that predominates in Parkinson's dis-
ease, with an eosinophilic central core and a paler
peripheral halo easily detected with hematoxylin and
eosin (H&E) stain (Fig. 11.8). The substantia nigra,
cholinergic pedunculopontine tegmental nucleus,
serotonergic raphe nucleus and noradrenergic locus
ceruleus are frequently affected, producing character-
istic DLB clinical features that arise only in late stages
of other dementias, if they arise at all. Compared with
brainstem LBs, cortical LBs have an irregular shape
without a central eosinophilic core and peripheral halo.
Therefore, ubiquitin or (preferably)a-synuclein immu-
nohistochemistry (Fig. 11.8) is required for the detec-
tion of cortical LBs. In cerebral cortex, LBs are usually
seen in deep cortical layers (V, VI) and found most
abundantly in cingulate gyrus, entorhinal cortex and
amygdala, aswell as temporal and insular cortices.119,120

Frontal, parietal and occipital cortex, however, can be
less affected and cerebellum is typically spared.121,122

Lewy neurites, almost always coexisting with LBs, are
another characteristic DLB marker (Fig. 11.8). These
aggregated a-synuclein deposits are seen prominently
in the CA2 region of the hippocampus, andmay also be
detected in brainstem and cortex.123–125

The regional distribution of LBs in DLB has been
categorized into the following types: brainstem pre-
dominant, limbic (transitional), and diffuse neocorti-
cal.113 Patients with isolated brainstem involvement
raise the possibility that DLB is, at its core, a disease of
the brainstem nuclei that support cortical arousal
and attention, autonomic control and movement.
The transition into limbic cortex may herald more
prominent amnesia and psychosis, whereas cortical
LBs may relate to advancing, global dementia. Lewy-
related pathology can be graded, as suggested by the
most recent report of the DLB consortium, according
to the abundance of LBs and Lewy neurites, though
the relationship between a-synuclein burden and
clinical severity remains uncertain.

Depending on the series, as many as 80% of brains
from patients with DLB show concomitant AD
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pathology, variably consisting of widespread neocor-
tical neuritic plaques and NFTs that are insufficient to
fulfill diagnostic criteria for AD.126 The degree of
coexisting AD pathology is strongly associated with
the clinical DLB phenotype and, consequently, DLB
clinical diagnostic accuracy. That is, patients are more
likely to be correctly diagnosed with DLB during
life if they have a high burden of DLB pathology in
the relative absence of AD-related histopathological
changes.127–129 Further deepening the diagnostic
quagmire, no pathological hallmark distinguishes
DLB from Parkinson's disease apart from the extent
and distribution of LB pathology, but even these
features show significant overlap in clinically distinct
cohorts. The prevailing notion is that a-synuclein
pathophysiology creates a spectrum of clinical dis-
orders; what drives the diversity of this spectrum
remains an important area for future research.

Multiple system atrophy
Multiple system atrophy (MSA) is a sporadic neuro-
degenerative disease characterized by a variable com-
bination of parkinsonism, cerebellar ataxia, autonomic
insufficiency and corticospinal tract dysfunction. The
prevalence of MSA is 4.4 per 100 000, with an annual
incidence of 3 per 100 000 among persons over 50 years
of age.130,131 There is an equal distribution among

males and females, with a mean onset early in the sixth
decade.132 A 1998 consensus conference proposed
two clinical MSA types: MSA-P for patients with
predominant parkinsonism and MSA-C for those with
predominant cerebellar ataxia.133 Almost all patients
with MSA develop autonomic symptoms, including
orthostatic hypotension, sexual dysfunction and urin-
ary incontinence. Cognitive deficits may be subtle
or late appearing and usually involve frontal-executive
impairment, with deficits in attentional set-shifting,
spatial working memory and verbal memory all
reported.134–136

At autopsy, patients withMSA show varying degrees
of gross atrophy of the cerebellum, pons, medulla
and the posterolateral putamen. Nigral depigmentation
and putaminal discoloration are frequent, especially in
patients with MSA-P. Neuronal loss in MSA is promin-
ent and may be cell specific (Table 11.1) despite the
observation that MSA a-synuclein accumulation occurs
predominantly within oligodendroglia.137,138 According
to MSA diagnostic consensus criteria, definite neuro-
pathological MSA requires a characteristic density and
distribution of glial cytoplasmic inclusions.133 These
eosinophilic, a-synuclein-positive, flame- or sickle-
shaped inclusions in oligodendroglia are widely distrib-
uted inwhitematter, basal ganglia (especially putamen),
substantia nigra, pontine nuclei, medulla and

Fig. 11.8. Dementia with Lewy bodies. (A) Classical brainstem Lewy bodies in the substantia nigra. Hematoxylin and eosin stain. (B) Lewy
neurites in hippocampal CA2. (C) Cortical Lewy bodies in posterior cingulate cortex. Alpha-synuclein antibody, hematoxylin counterstain.
Scale bars, 25 mm (A) and 50mm (B,C).
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cerebellum.139–142 Similar inclusions may also be found
in neuronal cytoplasm and nuclei, and glial nuclei; these
are referred to as neuronal cytoplasmic inclusions,
neuronal nuclear inclusions and glial nuclear inclu-
sions, respectively. All of these inclusions have been
reported to be a-synuclein immunoreactive143 In addi-
tion, selective neuronal loss and iron pigment accumu-
lation and gliosis in basal ganglia, substantia nigra,
pons and cerebellum are increasingly recognized.

Since the first a-synuclein gene mutation was
identified in autosomal dominant Parkinson's dis-
ease,144 a-synuclein has been considered the protein
responsible for this class of neurodegenerative dis-
orders, often referred to as “synucleinopathies.” United
by a-synuclein-immunoreactive inclusions, the synu-
cleinopathies include Parkinson's disease, Parkinson's
disease with dementia (PDD), DLB and MSA.
Although the etiology of MSA remains unknown and
the disease is rarely familial,145,146 the neuropathology
of the disease suggests a strong molecular link between
MSA and the other synucleinopathies. Insights from
research into DLB, MSA, Parkinson's disease and
PDD may complement and inform each other as the
field moves forward.

Huntington's disease
Huntington's disease (HD) is an autosomal dominant
inherited disorder that presents with motor, cognitive
and psychiatric symptoms. In the USA, the prevalence
of HD is estimated at 5–7 per 100 000.147 It typically
manifests in the fourth or fifth decade and equally
affects men and women. Chorea is themost prominent
motor feature, accompanied by dystonia early in
the course. As the disease progresses, rigidity, brady-
kinesia and akinesia unfold.148 Cognitive impairments
develop early, including executive dysfunction,
memory impairment and visuospatial deficits.149

About 50% of those with HD present with psychiatric
symptoms, such as depression, anxiety and compulsiv-
ity, which may precede motor impairment by years
or perhaps even decades, though it can be difficult to
disentangle the psychological threat of HD from its
primary neuropsychiatric consequences and a chaotic
family environment.150,151

Gross examination in HD reveals prominent
atrophy of the frontal lobe, caudate nucleus, putamen
and globus pallidus. Bilateral caudate atrophy repre-
sents the most characteristic feature and occurs from
tail, to body, to head with a dorsal worse than ventral
distribution.152 Ventricles are enlarged, whereas

cerebellum, brainstem and spinal cord are less
affected. Microscopically, HD shows neuronal loss
and astrocytosis in neostriatum and pallidum, with
the medium-sized, spiny projection neurons most
vulnerable while large aspiny interneurons are rela-
tively spared.153 Cerebral cortex and hippocampus
show mild to moderate degenerative changes, which
may account, in part, for HD cognitive and behavioral
impairments, though frontostriatal circuit damage,
via the caudate, may play a more primary role in
producing these features. Vonsattel et al.154 established
a grading system (0–4) based on gross and histological
findings of the striatum, ranging from grade 0 (no
specific neuropathological abnormalities) to grade 4
(severe striatal atrophy, neuronal loss and astrocytosis).

Huntington's disease results from a mutation in
the IT15 gene on chromosome 4p63, resulting in an
unstable trinucleotide (CAG) expansion that alters
huntingtin protein encoding.155 Normally, CAG
repeats number 10–35, but in HD repeat length
exceeds 39, leading to a polyglutamine strand of vari-
able length at the N-terminus. Repeat number correl-
ates with a younger age of symptom onset and an
earlier age at death.156,157 The function of huntingtin
remains poorly understood, but it is widely expressed
in humans. How abnormal huntingtin in HD produces
neuropathological abnormalities remains unclear, but
mutant huntingtin might not only have a toxic gain
of function derived from polyglutamine aggregation
but may also disturb the neuroprotective function
of wild-type huntingtin.158 Targeted neuronal injury
may also relate to alterations in neighboring neuronal
or glial support.159

Summary
Postmortem neuropathological examination remains
the definitive method for identifying neurodegenera-
tive disease. Since the mid 1990s molecular pathology
and genetics have pushed forward our understanding
of dementia pathogenesis, offering the prospect of
new treatments. Disease protein immunohistochemis-
try has become the essential component of dementia
neuropathological evaluation, usurping the role of
classical cell-staining methods. Recent clinicopatholo-
gical correlation studies highlight the difficulty of
accurately predicting pathology at the bedside, but
growing attention to clinical and imaging biomarkers
fuels hope for improved antemortem diagnosis.
The behavioral neurologist must strive for this goal,
as diagnostic accuracy will impact the success of
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molecule-specific treatments, including those already in
clinical trials for AD. However, a comprehensive view of
the dementias—and possibly effective therapies—
will require more integrative models that address
not only the aberrant proteins of each disease but also
how those proteins interact with genetic, epigenetic
and environmental factors to erode disease-susceptible
neurons, brain regions and distributed functional
networks.
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Cerebrovascular contributions
to amnestic mild cognitive impairment
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Introduction
Advancing age is often accompanied by complaints
of impaired memory1 and reduced performance on a
variety of cognitive tasks, particularly tasks that meas-
ure memory.2 Careful cross-sectional examination
of cognitive function among community-dwelling
elderly, however, reveals a spectrum of cognitive
performance from normal to dementia, including
impairments in a variety of cognitive domains in the
absence of a clinically defined dementia.3,4 Gradual
decline in cognitive ability is a characteristic of longi-
tudinal studies of the elderly, consistent with the
aging and mental decline hypothesis, but with sub-
stantial individual heterogeneity that suggests much
of the age-related differences in memory performance
may reflect an admixture of incipient dementia within
older populations.5 The possibility that incipient
dementia is prevalent amongst the elderly is further
supported by neuropathological studies that reveal
evidence of Alzheimer's disease (AD) years before clin-
ical symptoms are evident.6,7 Although less common,
AD pathology can also be found in individuals with
no detectable symptoms.6,8 Finally, AD pathology is
often present in individuals with memory impairment
who are not demented.7 Clinical studies of elderly
individuals with memory impairment also reveal a
rapid rate of conversion to AD, reaching as high as
15% per year. This evidence suggests that significant
memory impairment, short of dementia and often
denoted as mild cognitive impairment (MCI) in the
elderly may be a transition phase between the normal
aging process and AD.9,10

The concept of MCI has been repeatedly revised
since its original description in the 1980s in recogni-
tion of the heterogeneity of this syndrome.11 More
recent taxonomies 11 have broadened the definition of

MCI to include memory and non-memory deficits
while further separating these two conditions into
isolated conditions or conditions associated with
impairments in additional cognitive domains. These
various subtypes are postulated to coincide with separ-
ate pathologic entities.11 For example, isolated amnesia
is believed to specific for AD pathology.7,11 The amnes-
tic MCI (aMCI) subtype has the strongest evidence as a
valid prodrome of AD,7,9–11 has been successfully used
as a stratification variable in clinical trials12 and is
associated with increased cerebral amyloid in imaging
studies.13 Interestingly, review of the raw data from
one currently published amyloid imaging study sug-
gests a bimodal distribution of amyloid accumulation,
with approximately one-half the subjects having
amyloid accumulation in the normal range and the
other half having accumulation values consistent
with AD pathology.13 This chapter reviews a potential
second cause for aMCI: cerebrovascular disease
(CVD). In order to begin this discussion, however,
we first review the various recognized components of
human memory.

Human memory systems:
a brief review
Memory is the process by which information is
received, encoded, stored and retrieved. Milner et al.14

have further defined memory as explicit (declarative)
and implicit (non-declarative). Explicit memory is
denoted as memory of people, places and things.
Implicit memory is denoted as memory of reflexive
or motor skills. Clinically relevant memory impair-
ment such as aMCI involves deficits in explicit
memory.9 Explicit memory can be further subdivided
into semantic memory (memory of facts) and epi-
sodic memory (memory of recent events).15 Episodic
memory is the form of explicit memory most affected
with aMCI.9 Successful explicit memory function is
believed to involve a number of separate processes,
which includes encoding, storage and retrieval.

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
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Encoding is the function by which cerebral resources
are directed through the use of attentional mechan-
isms to the processing of information. Memory
encoding is believed to be a function of working
memory processes that have specific anatomic locali-
zation within frontal, parietal and temporal cortices.16

Results from neuroimaging studies show that the
dorsolateral prefrontal cortex (DLPFC) implements
processes critical for organizing items in working
memory 17 and that DLPFC connections to the hippo-
campus are important for long-term memory stor-
age.18 Conversely, the hippocampus is believed to
be responsible for memory consolidation,19 although
the exact role of the hippocampus in memory post-
consolidation remains controversial.20–22 Even from
this brief review, it is evident the impairments in
episodic memory may result from injury to either
frontal systems or the hippocampus. In the next
section, we briefly review the substantial evidence
favoring hippocampal injury by AD in individuals
with aMCI.

Hippocampal injury in Alzheimer's
disease
There is overwhelming evidence that the pathological
processes of AD begins in the hippocampus and associ-
ated allocortical areas23–25 and that the AD process may
begin years before clinical symptoms are evident.6,26

Clinically, this pathological process is associated with
a slowly progressive amnestic syndrome.7,9,27,28 In addi-
tion magnetic resonance imaging (MRI) evidence
of hippocampal injury (as manifest by the presence of
atrophy) is significantly associated with the extent of
memory performance and strongly predictive of future
progression to AD dementia.29–32 Moreover, hippo-
campal volume is associated with the extent of AD
pathology in older individuals and those with AD.33,34

It is clear, therefore, from even this most cursory
review, that AD pathology affects allocortical structures
early in the disease, causing hippocampal injury, and
can produce the episodic memory impairment charac-
teristic of AD. In these circumstances, it is evident that
aMCI is a common prodrome to AD (Fig. 12.1).7

While AD pathology is recognized as common to
advancing age, less emphasis has been placed on the
equally common prevalence of CVD. This is despite
evidence that the lifetime risk for CVD is similar to
that of AD among women and higher than AD for
men.35 In the next section, we review the impact of
CVD on cognition and its potential role in aMCI.

Cerebrovascular disease and cognition
The spectrum of vascular brain changes
Before discussing the impact of CVD on cognition, we
should first define what we mean by CVD. Stroke or
symptoms of transient brain ischemia have long been
viewed as the hallmark expression of CVD. Multiple
studies conclusively show that the two most significant
risk factors for stroke, advancing age and hypertension,
are also the most common risk factors for cardiovas-
cular and peripheral vascular disease, suggesting that
these disorders share a common mechanism of vascu-
lar injury.36–41 The advent of neuroimaging, however,
has shown that a considerable number of cerebral
infarcts are clinically silent and share the same risk
factors as clinically apparent stroke.42–47 In addition,
the hallmark observations of Hachinski and colleagues
relating abnormalities of cerebral white matter to cere-
brovascular risk factors (CVRFs)48–52 have been con-
firmed and extended.53–61 The fact that white matter
hyperintensities (WMH) significantly predict future
stroke62,63 and mortality64 lends further support to the
notion that WMH are part of a spectrum of vascular-
related brain injury.59,61 Repeated studies showing sig-
nificant associations between CVRFs and accelerated
cerebral atrophy suggest that atrophy may also be part
of the spectrum of vascular-related brain injury.65–68

Cerebrovascular risk factors can give rise to a
spectrum of asymptomatic brain injury. These vari-
ous forms of brain injury also affect behavior in a
variety of ways, further expanding the clinical rele-
vance of CVRFs and the potential interaction between
asymptomatic CVD and AD. In the next section,
we review evidence supporting the relation between
CVRFs, asymptomatic brain injury and cognition.

Impact of cerebrovascular risk factors
on cognition in community-dwelling
normal individuals
A number of epidemiological studies show strong
associations between elevations in middle life blood

AD ProcessAD Process

Hippocampal
Injury

Hippocampal
Injury MCIMCI ADAD

Fig. 12.1. Mild cognitive impairment in early Alzheimer's disease.
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pressure and the prevalence of later life cognitive
impairment and dementia.69–73 The mechanisms by
which CVRFs lead to cognitive impairment remain
unclear, but a number of cross-sectional epidemi-
ological studies as well as longitudinal prospective
studies suggest that CVRF-related brain changes are
associated with these cognitive changes.

Large epidemiological studies, while sometimes
limited in the extent of cognitive testing available,
consistently show moderate associations between
brain atrophy or WMH volumes and diminished
cognitive impairment.74–79 A few smaller, cross-
sectional studies consistently suggest deficits in tests
of attention and mental processing, although impair-
ments in memory and general intelligence are also
seen.80,83 A number of these studies also show a
threshold effect where extensive amounts of WMH are
necessary before cognitive impairments are seen.80–82

Two studies from the Cardiovascular Health Study
have examined the relation between cognitive impair-
ment and clinically silent cerebral infarction.84,85

While Price et al.84 focused primarily on the neuro-
logical manifestations of silent cerebral infarcts, they
did note a significant increase in the number of
individuals with a history of memory loss amongst
those with silent cerebral infarction. Longstreth et al.85

examined cognitive function in more detail and noted
a significant association between silent cerebral infarc-
tions and diminished performances on the modified
Mini-Mental State Examination (MMSE) and the
Digit-Symbol Substitution Test (DSS).85 These findings
are remarkably similar to their previously reported
effect of WMH on cognition.75 Findings from these
studies have been confirmed in another large popula-
tion-based study.86,87

Unfortunately, these studies did not examine the
impact of lifetime cerebrovascular risk on brain struc-
ture and cognition. Results from the NHLBI Twin
Study, however, confirm the suspected link between
CVRFs, brain injury and decline in cognitive per-
formance over time.58 Lifetime patterns of systolic
blood pressure were significantly associated with dif-
ferences in brain atrophy, WMH volume and 10-year
changes in MMSE and DSS scores.58 Importantly,
however, even after correcting for age, education,
baseline cognitive performance and incident CVD,
there were strongly significant associations between
WMH volume, DSS, Benton Visual Retention Test
(BVRT) and a Verbal Fluency Test (VFT). Significant
associations between brain volume and 10-year dif-
ferences in MMSE, DSS and VFT were also found.

These results suggest that the cognitive changes
associated with elevations in midlife blood pressure
may be mediated by the brain injury induced by
prolonged elevations of blood pressure (and possibly
other CVRFs). A follow-up study of the same subjects
explored the pattern of cognitive changes in associ-
ation with midlife blood pressure patterns more care-
fully.67 Cognitive tests selected for this study fell into
the two broad functional categories of memory and
psychomotor speed. Subjects with combined brain
atrophy and WMH were significantly older and had
a higher prevalence of CVRFs67 and performed more
poorly on all tests of psychomotor speed even after
correcting for age, educational achievement and inci-
dent CVD, whereas group differences on memory
tests were small. These results confirm the concept
that the cognitive changes associated with CVRFs
generally impact frontal executive functioning.67

Longitudinal studies offer the advantage of exam-
ining lifetime CVRF influences on brain–behavior
relations. Unfortunately, these studies have generally
focused on older individuals,58,67 while epidemi-
ological studies show that the impact of CVRFs –
especially diabetes and hypertension – may occur at a
considerably younger age.88 Seshadri et al.68 examined
the relation between stroke risk factors, brain volume
and cognition in a younger group of individuals with
an average age of 62 years. Age-corrected differences
in brain volume were significantly and positively
associated with performance on tests of attention
and executive function (e.g. Trails A and B), new
learning (e.g. Paired Associates) and visuospatial func-
tion (e.g. delayed visual reproduction and Hooper
Visual Organization Test), but not with performance
on tests of verbal memory or naming. While these
results are consistent with those of Swan et al.,67 they
suggest that the impact of CVRFs on brain structure
and functionmay begin shortly after midlife. A follow-
up study examining the impact of WMH on the same
cohort had similar findings.89

In summary, subtle cognitive deficits in community-
dwelling essentially normal individuals are associated
with CVRFs and appear to be mediated by CVRF-
related brain injury. This process begins relatively
early in life, as cognitive impairment and brain injury
are present to some degree even in individuals
60 years of age or younger. Frontal lobe-mediated
cognitive domains of attention, concentration and
psychomotor speed are most affected in subjects free
of dementia or stroke.89 Evidence of frontal lobe
dysfunction is supported by positron emission
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tomography (PET) imaging, which finds reduced
metabolism in association with vascular-related brain
injury, particularly WMH,80,90 as well as significant
associations between frontal lobe metabolism, memory
impairment and future cognitive decline in patients
with dementia and WMH.91,92

These separate lines of evidence coalesce to create
a body of evidence that vascular brain injury results in
frontal lobe dysfunction and cognitive impairments
assumed to relate to frontal lobe function. Given that
episodic memory performance involves coordination
between DLPFC-mediated working memory and
hippocampus-mediated consolidation, it would not
be surprising to find associations between vascular
disease and aMCI. In the next section, we describe
data from our laboratory giving evidence for the
existence of a vascular form of aMCI.

Evidence for vascular amnestic
mild cognitive impairment
Elderly individuals commonly have WMH and these
have been associated with increased risk for MCI.93,94

Nordahl et al.95 used WMH as a marker for small-
vessel CVD severity to identify and contrast two
groups of subjects with aMCI. In this study, the
authors proposed that WMH related to small-vessel
CVD might play a role in the episodic memory
impairment characteristic of aMCI. The authors pre-
dicted that WMH might compromise executive con-
trol processes that are critical for working memory,
which, in turn, may lead to episodic memory deficits

and a diagnosis of aMCI. As discussed above, this
theory is based on the preposition that impairments
in consolidation and retrieval could occur if informa-
tion cannot be actively maintained and manipulated at
an immediate or short-term level. Therefore, whereas
hippocampal dysfunction may be associated with
isolated episodic memory impairments, small-vessel
CVD may lead to a distinct pattern of deficits that
includes both episodic memory impairment and def-
icits in executive control processes.

To test their hypothesis, the authors examined a
group of individuals who were clinically diagnosed
with aMCI and used MRI to stratify the subjects into
two subgroups: group 1 contained those with severe
WMH without hippocampal atrophy (MCI-WMH)
and group 2 those with severe hippocampal atrophy
without extensive WMH (MCI-HA), as shown in
Figure 12.2. Cognitive performance for each of these
groups was compared with a group of age-matched
control subjects. Importantly, these specific sub-
groups of aMCI subjects were selected to isolate the
different mechanisms by which WMH and hippo-
campal atrophy may lead to episodic memory impair-
ment in MCI. Although CVD and AD pathology
often co-occur, the nature of the interaction is unclear
and complex to study owing to the difficulty of disen-
tangling the two in standard clinical samples. Conse-
quently, a highly selected sample was studied in order
to investigate the separate roles that each type of brain
lesion may play in producing memory impairment.

The study was divided into two parts. First, the
authors compared performance of aMCI patients and
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controls on the neuropsychological tests that were
used to diagnose aMCI according to standard cri-
teria.9 This explored whether standard neuropsycho-
logical tests used widely in clinical practice would
differ between the two MCI groups. Second, the
authors compared the performance of these subjects
on a battery of behavioral tasks used widely in the
cognitive neuroscience literature. This second series
of tasks was designed to explore the different cogni-
tive mechanisms that underlie memory loss in aMCI.
The battery included an episodic memory task, two
working memory tasks and a version of the Continu-
ous Performance Test (CPT) (see Nordahl et al.
[2005]95 for complete details). The authors predicted
that both groups of MCI participants would show
deficits on the episodic memory task, but that the
MCI-WMH group would show additional impair-
ments on the working memory tasks and on the
CPT consistent with the hypothesized deficits in
frontal function associated with WMH.

Results showed that – by design – individuals in
the MCI-HA group had significantly smaller hippo-
campi than those in the MCI-WMH group but those
in this MCI-WMH group did not differ from healthy
controls with regard to hippocampal volume. Con-
versely, the MCI-WMH group had significantly
higher WMH volumes than the MCI-HA group,
which also did not differ from control volumes. The
two MCI groups were equally impaired on all episodic
memory tests relative to controls: Wechsler Memory
Scale, revised Logical Memory I and II, and Memory
Assessment Scale List Learning, Immediate Recall
and Delayed Recall.95 The two MCI groups did not
differ from each other or controls on other neuropsy-
chological tasks such as the Digit Span or Boston
Naming. There were, however, striking differences
in performance on all of the working memory tasks,
including the n-back and verbal and spatial variants
of the item recognition task, where the MCI-HA
group performed similar to normal controls but the
MCI-WMH group performed significantly less well.
Further testing of executive control using the CPT
revealed that MCI-WMH subjects had poorer atten-
tion and committed more impulsive errors than the
MCI-HA group or normal controls.

This study was designed to test the hypothesis that
among individuals diagnosed with aMCI, small-vessel
CVD and hippocampal dysfunction give rise to dif-
ferent profiles of cognitive deficits.95 Results revealed
that, although these two groups were virtually indis-
tinguishable on standard neuropsychological tests

administered at the time of diagnosis of MCI, more
detailed testing revealed reliable differences between
the two subgroups of MCI subjects. Whereas those in
theMCI-HA group exhibited relatively specific episodic
memory impairment, the MCI-WMH group exhibited
deficits on episodic memory, working memory and
attentional control tasks. These findings suggest that
subjects with MCI-WMH, in contrast to those with
MCI-HA, suffered from impaired executive control
processes that affect awide variety of cognitive domains.

Although episodic memory has historically been
linked to the hippocampus and surrounding cortices,
as noted above, evidence from neuropsychological
and neuroimaging studies suggests that the prefrontal
cortex plays a critical role in implementing executive
control processes that contribute to normal episodic
memory functioning.96 In this study, the MCI-WMH
subjects were impaired not only on episodic memory
tasks but also on a battery of working memory tasks
in both verbal and spatial domains as well as an
attentional control task. The authors' interpretation
of the data was that episodic memory failure in the
MCI-WMH group was secondary to a more general
impairment in executive control processes.

Nordahl et al.95 concluded by hypothesizing that
WMH may reflect disruption of the white matter
tracts that connect DLPFC with its targets. Disruption
of these neural circuits could lead to deficits in execu-
tive control processes that impact a wide range of
cognitive domains, including episodic memory. The
anatomy of this pathological process is unclear, as
multiple neural circuits exist that, if disrupted, might
lead to the findings described above. For example,
lesions affecting connections between the DLPFC
and its subcortical targets97 or lesions affecting the
long cortico-cortical connections between prefrontal
and posterior parietal cortex98–100 would be expected
to result in impaired working memory and executive
control processes.101–103 Disconnection of the pre-
frontal, retrosplenial hippocampal circuit may also
give rise to the deficits observed.104,105

To test the hypothesis of DLPFC dysfunction
resulting from WMH, the authors performed a
second set of functional MRI (fMRI) experiments on
cognitively normal individuals.

White matter hyperintensities and
dorsolateral prefrontal activation
In this study, Nordahl et al.106 used fMRI to examine
the relationship between WMH and prefrontal cortex
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(PFC) activity in a group of cognitively normal elderly
individuals during an episodic retrieval and a verbal
working memory task, two tasks in which age-related
changes in PFC activity have been observed.107,108

The WMHs were quantified from structural MRI,
and the relationship between global WMH and
regional dorsal PFC WMH volume and task-related
activity was examined. Two major hypotheses were
tested: first that global white matter degeneration
would correlate with reduced activation in PFC
during each of the memory tasks; and, second, that
regional white matter degeneration within dorsal PFC
would correlate both with reduced PFC activation as
well as with areas that are functionally and anatomic-
ally linked to PFC in a task-specific manner. In order
to investigate the relationship between WMH volume
and PFC activity, Nordahl et al.106 first identified
dorsal and ventral PFC regions of interest based on
task-related blood oxygen level dependent (BOLD)
activation for each task and then correlated WMH
volumes with the magnitude of the activation within
these regions. Additional task-related regions of inter-
est were defined in the medial temporal lobes, parietal
cortex and cingulate cortex in order to examine the
association between dorsal PFC WMH and activity in
areas that are functionally related to PFC activity.

Subjects for this study consisted of 15 cognitively
normal individuals (4 male/11 female) over the age
of 65 years (range, 66–86). Importantly, individuals
in this study were not preselected for presence or
absence of WMH but were selected on the basis of
normal cognitive ability. In this respect, this sample
is comparable to samples used in other functional
neuroimaging studies of normal aging. The subjects
performed the episodic memory and the verbal main-
tenance task as previously reported.95

All subjects performed at a high level of accuracy
on the cognitive tasks (generally greater than 80%
correct). Total WMH volume was not significantly
correlated with memory performance; however,
frontal WMH volume was significantly associated
with immediate memory recall and there was a trend
toward a significant relationship between total WMH
and high-load verbal maintenance task. This associ-
ation between cognitive performance and WMH
volumes suggests subtly impaired working memory
function even for a group of cognitively normal indi-
viduals performing at a very high level of accuracy.

In brief, the results of the fMRI studies revealed
a strong relationship between increased global WMH
volume and decreased PFC activity during both

episodic and working memory performance. Dorsal
PFC WMH volume was also strongly correlated with
decreased PFC activity as well as with decreased
medial temporal and anterior cingulate activity
during episodic memory, and posterior parietal and
anterior cingulate activity during working memory.
Importantly, WMH volume was not correlated with
visual cortex activity during a simple visual task,
suggesting that non-specific vascular changes associ-
ated with WMH did not fundamentally alter the
BOLD signal.

These results strongly suggest that WMH disrupt
the functional integrity of a widely distributed
memory system involving parietal, DLPFC, pre-
frontal, anterior cingulate and hippocampal regions.16

Although the exact pathophysiology by which WMH
may affect this system requires further research, it
is clear that disruption of specific pathways must
be involved. As noted above, these might include
connections between the DLPFC and its subcortical
targets,97 the long cortico-cortical connections between
prefrontal and posterior parietal cortex98–103 or the
prefrontal, retrosplenial, hippocampal circuit.104,105

Current research is systematically exploring these
various pathways using diffusion tensor imaging.
We hypothesize that those pathways directly involved
in memory system dysfunction by WMH will show
reduced fractional anisotropy that is more highly
correlated with memory task performance and cogni-
tive activation than regional WMH, indicating the
specificity of the identified white matter bundles.

Summary
In this review, we recognize that aMCI is a common
expression of early AD pathology.7 We also note,
however, that tests of episodic memory tap a widely
distributed neural system involving parietal, frontal,
anterior cingulate and medial temporal structures.16

Cerebrovascular disease, particularly WMH, is
common to the aging process. Accumulating evidence
suggests that asymptomatic manifestations of CVD
can result in clinically relevant memory impairments
that may, on occasion, masquerade as aMCI,95

thereby leading to recognition of two separate mech-
anisms of disease that can result in aMCI as summar-
ized in Figure 12.3.

More recent research suggests that WMHs affect
episodic memory performance through dysfunction
of dorsolateral prefrontal systems. Ongoing work
seeks to explore both the full impact of WMH on
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age-related working memory impairment as well as
identifying specific white matter tracts that may be
involved.

An obvious question remains to be asked: to what
extent does asymptomatic CVD influence the likeli-
hood of progression from aMCI to dementia? Here
the results are mixed. A very early and relatively small
study by Wolf et al.109 suggested a strong additive
effect of WMH and atrophy on likelihood of progres-
sion from MCI to dementia. This was supported by
cross-sectional data showing a multiplicative increase
in probability of dementia among community dwelling
Latinos having high WMH and small hippocampal
volumes.110 Unfortunately, analysis of a smaller group
of MCI subjects did not support these findings.111

Further work in this area is clearly necessary. It will
remain important, however, to understand more fully
the specific manner by which asymptomatic CVD may
impact brain structure and function to cause cognitive
impairment, as most vascular risk factors are treatable
and, therefore, this process may be preventable.
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Chapter

13 Mild cognitive impairment

Brendan J. Kelley and Ronald C. Petersen

Introduction
Most degenerative conditions are characterized by
insidious onset and gradually progressive decline.
Therefore, the presumption of an early stage in the
development of a degenerative disorder in which a
person might be “partially symptomatic” is quite
plausible. Applied to Alzheimer's disease (AD), the
prodromal phase might represent an individual who
is slightly forgetful with preservation of other cogni-
tive and functional abilities. Mild cognitive impair-
ment (MCI) refers to the transitional state between
normal cognitive changes of aging and the earliest
clinical features of dementia. As such, it has become
an important topic in clinical practice and research.
As initially conceived, MCI referred to memory
impairment with preserved non-memory cognitive
performance and functional abilities, but more
recently, the term has been expanded to include other
cognitive domains besides memory. Most literature
refers to the amnestic (memory predominant) form
of MCI (aMCI), a likely precursor of Alzheimer's
disease (AD).1–3

In recent years, a tremendous amount of infor-
mation has been published regarding the early diag-
nosis of dementia. Consequently, a more general
construct of MCI and of specific subtypes of MCI
has been adopted as the prodromal phases of various
diseases. The general framework of MCI as the incipi-
ent phase of a degenerative disease remains an impor-
tant concept. Research since the mid 1990s on MCI has
shown the criteria to be reliable, and the outcomes of
patients are known. Some predictors of progression
from MCI to AD are known and others are still being
evaluated. Neuroimaging studies document a transi-
tional state (between normal and AD) of brain struc-
tural and functional features in subjects with MCI,

and neuropathological data confirm intermediate
pathological findings.

This presumes a benefit to earlier diagnosis of a
degenerative disease. Given the overall aging of the
world's population,4 degenerative dementias hold the
potential of an impending crisis. A major strategy for
averting this disaster involves delaying the onset and/
or progression of these diseases. Early diagnosis then
becomes paramount in trying to prevent subsequent
disability. Most randomized clinical trials so far have
been essentially negative, but one trial suggested that
donepezilmay provide symptomatic benefit for a limited
period of time in MCI. We will discuss the implica-
tions of MCI for clinical practice and future research.

Historical context
Many investigations of cognitive changes associated
with aging have focused on those cognitive changes
associated with the extremes of normal aging. Terms
such as age-associated memory impairment, aging-
associated cognitive decline, benign senescent forgetful-
ness and late life forgetfulness have been variably used
to describe these changes.5 Age-associated memory
impairment (a term popular in the 1980s) refers to
people having memory impairment relative to the
performance of younger individuals, and it was believed
to represent a manifestation of normal aging. Aging-
associated cognitive decline expanded this construct
to include cognitive domains other than memory, once
again referenced to the extremes of normal aging.

By contrast, the MCI construct refers to an abnor-
mal process, with the intent of defining the prodromal
stages of a dementing condition. As such, it is funda-
mentally defined as being different from normal aging
(Boxes 13.1 and 13.2).

Epidemiological data on mild
cognitive impairment
Since MCI is a relatively recently defined construct,
several epidemiological studies had already been
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designed and were already underway without having
incorporated MCI criteria. There are also several
cohort studies that have included these criteria pro-
spectively.6 Consequently, there is notable variability
in the literature with respect to prevalence figures.
Table 13.1 shows some of the studies that retrofitted
MCI criteria to ongoing longitudinal studies, as well
as newer studies utilizing MCI criteria prospectively.

In general, studies of prospectively designed cohorts
that employed current MCI criteria have reported

prevalence rates of 12–18% among non-demented
subjects over age 65 years. As expected, somewhat lower
rates are reported when the entire population, including
demented subjects, serves as the denominator.9,10 These
figures depend somewhat on the specific subtype
of MCI studied and the methods used to implement
MCI criteria. For example, using a neuropsychological
algorithm to define MCI, prevalence figures are quite
variable,11 likely reflecting the arbitrary nature of
the selection of the neuropsychological instruments

Box 13.1 Worries about memory loss

A 55-year-old lawyer presents for evaluation of her concerns about her memory. Over the past few months, she has
been under a great deal of pressure at work and has difficulties remembering the details of her clients' cases. She
occasionally misplaces objects at home. Her mother developed AD at age 83, and she confides that this heightens
her concerns about her memory. She worries that this may represent the earliest stages of AD.
She scores 30/30 on the Mini-Mental State Examination (MMSE) and her neurologic examination is unremarkable.

She seems anxious. Her magnetic resonance scan is normal, including the appearance of the hippocampal
structures. Routine laboratory studies are normal. Neuropsychological testing is normal, including very good
performance on the learning and delayed recall phases of the Auditory Verbal Learning Test.

Comment
This women represents the “worried well.” She is a high-functioning person who has recently been bothered by
memory-related symptoms, but she does not have a significant memory problem. Her preserved delayed recall on
neuropsychological testing further reassures that she is not suffering a significant memory problem. She can be
reassured and followed clinically. Lifestyle modifications aimed at stress management may improve both her
anxiety and her overall day-to-day cognitive functioning.

Box 13.2 Progressive memory impairment

A 67-year-old physician is brought to the office by his wife, who expresses concern regarding 3 years of progressive
memory impairment. He frequently forgets the details of conversations, misplaces objects at home and repeats
questions seeming not to realize they had been answered only minutes before. Within the past year, he has
developed difficulty finding words and becomes disoriented in familiar places, including the office building where
he has worked for the past 35 years. He retired from his practice 1 year ago, at the urging of his partners. His wife
accompanies him when running errands for fear that he will become lost or confused. She turned their finances over
to an accountant owing to his inability to continue to manage them himself. His father developed AD at age 75, and
his older sister was recently diagnosed with AD at age 78.
He scores 22/30 in the MMSE missing all of the recall items, failing to reproduce the drawing of intersecting

pentagons and missing several points on orientation. He becomes confused while trying to subtract serial sevens.
His MRI scan shows severe bilateral hippocampal atrophy, accompanied by a moderate degree of global atrophy.
Neuropsychological testing documents severe impairment of memory as well as impairment of naming, visuospatial
skills and planning/sequencing. Routine laboratory studies are normal.

Comment
This man has dementia, most likely AD. His current cognitive status clearly represents a decline, and this has been
progressive in nature. Memory impairment was the first symptom noted, and while it has remained at the core of his
complaints, it is now accompanied by impairments in other areas of cognition. These have caused functional
impairment. His MRI scan is abnormal, and the hippocampal atrophy is suggestive of AD. His case is included as a
counterpoint to the case in Box 13.1 in order to illustrate that many individuals lie between these two extremes. It is
these individuals (who are forgetful but not functionally impaired) that are identified as having MCI.
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and cutoff scores. For example, use of a single neuro-
psychological memory test with one cutoff score to
define memory impairment results in an unstable algo-
rithmic definition of MCI.18 Some studies cited as
implying longitudinal instability of the MCI construct
in fact demonstrated instability owing to the test–retest
variability of the neuropsychological testing that had
been used to define MCI, rather than instability of the
construct as defined below.11,18

Clearly, interpretation of the available epidemio-
logic data on MCI is complex, with numerous
methodological considerations. Overall, the data in
Table 13.1 indicate that the prevalence of MCI
is probably in the 12–15% range among individuals
65 years and older, with incidence rates in the 1% per
year range. These figures are similar to those found
in AD.

Clinical characterization and outcomes
Diagnostic criteria and diagnosis
The original criteria for MCI (Table 13.2) were
designed to characterize the early stages of an AD-like
process, and were thus centered on memory impair-
ment.3 With subsequent research, it has become
apparent that not all subjects with MCI evolve
to AD. Therefore, MCI criteria have expanded to
include many other types of intermediate cognitive

impairment that may be precursors to a variety of
dementing disorders. An international conference
on diagnostic criteria in 2003 expanded the criteria
to include other forms of cognitive impairment and
helped to translate these findings for primary care
practitioners, since these are the individuals most likely
to first encounter persons with intermediate degrees
of cognitive impairment (Boxes 13.3 and 13.4).19,20

The main division of MCI is into a amnestic MCI
(aMCI) and a non-amestic form (naMCI). Both can
then have single ormultiple domains. Figure 13.1 shows
the diagnostic algorithm currently being used by the
National Institute on Aging (NIA) sponsored Alzhei-
mer's Disease Centers program and the Alzheimer's
Disease Neuroimaging Initiative to diagnose MCI.21

Although the construct of MCI has been expanded,
the importance of an accurate clinical history (prefer-
ably corroborated by an informant who knows the

Table 13.1. Selected epidemiology/cohort studies of mild cognitive impairment

Reference Number of participants Trial type Diagnosis Prevalence (%)

CIND AACD MCI

7 980 P A 9 3–5

8 2914 R C 17 5

9 351 P C 23 12

10 798 P C 26

11 833 R A 21 3

6 927 P C 18

12 806 P A 5

13 111 P C 12

14 1704 P C 16

15 592 P A 24

16 2768 R A 9.5 16

17 745 P C 14

Notes:
CIND, cognitive impairment not demented; AACD, aging-associated cognitive decline; MCI, mild cognitive impairment; P, prospective
trials with MCI incorporated into the design; R, retrospective pitting of MCI criteria to an already existing trial; C, clinical diagnosis;
A, algorithmic diagnosis.

Table 13.2. Original criteria for mild cognitive impairment

Memory complaint, preferably corroborated by an informant

Memory impairment for age and education

Preserved general cognitive function

Intact activities of daily living

Not demented
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patient well) has remained of paramount importance.
The first criterion for the diagnosis of MCI involves
a cognitive concern on the part of the patient or
an informant.22 The physician must then use the
combination of history, mental status examination,
neuropsychological testing or any other additional
information that may be available to determine if
the person's cognitive function is normal or compat-
ible with dementia. If it is determined that the patient
is neither normal nor demented, and there appears
to have been a decline in cognitive function with

preservation of most daily activities, the patient can
be designated as having MCI. Again, it should be
emphasized that clinicians can use various types of
information to make this determination and that the
corroboration of an informant who knows the indi-
vidual well is extremely valuable in reaching a conclu-
sion. Fundamentally, the clinical question is whether
the person is functioning normally or has already
reached the threshold for dementia. Individuals fall-
ing somewhere between these two endpoints are
designated as having MCI.

Box 13.3 Diagnosing mild cognitive impairment: amnestic subtype

A 64-year-old retired businessman has become increasingly forgetful over the past 2 years. Despite having reduced
demands since retirement, he has difficulty keeping track of doctors' appointments and has been disappointed
to have forgotten several social events that he wished to attend. His family reports uncharacteristic forgetfulness for
the details of conversations and recent events. They are concerned about these recent cognitive changes.
He scores 25/30 on the MMSE, being unable to recall any of the three words and being disoriented to the date.

His general neurological examination is normal. He denies symptoms of depression. Mild bilateral hippocampal
atrophy is noted on his MRI, but the scan is otherwise normal. His general medical condition is good. Neuropsycho-
logical testing identifies mild difficulty learning new material and a prominent deficit in delayed recall of the words
on the list from the Auditory Verbal Learning Test and the Logical Memory subtest of the Wechsler Memory Scale III.
General intellectual skills, attention, concentration, language and visuospatial functions are preserved.

Comment
This man has aMCI. The insidious onset and gradual progression suggest a degenerative etiology. Although his
memory performance is poor, his other cognitive skills remain intact and he does not have a significant functional
impairment. Therefore, he does not meet criteria for dementia. His symptoms may represent the earliest clinical
manifestations of a degenerative disorder such as AD.

Box 13.4 Diagnosing mild cognitive impairment: non-amnestic subtype

A 70-year-old retired executive presents for evaluation of problems with her driving. She and her passengers have
noted difficulties with maintaining and changing lanes as well as with properly orienting her car in parking spaces.
Her spouse and several friends have commented that she is much more distractible. Her memory has remained
excellent. Additionally, her husband reports that she has become a very “restless” sleeper, frequently flailing her
arms and at times seeming to run in her sleep. He recently moved to a separate bed in order to have a more
peaceful night's rest. She has inexplicably fallen out of bed on several occasions as well.
She scores 28/30 on the MMSE and is unable to copy intersecting pentagons or to draw a clock face. Her posture

is slightly stooped, but neurological examination is otherwise normal. The MRI is unremarkable, demonstrating
normal-appearing hippocampal structures. Neuropsychological testing shows normal learning, recall, naming and
comprehension. Performance on Part A of the Trail Making Test was slow and she was unable to complete Part B.
Her visuospatial skills are quite poor, and attempts to reproduce two- and three-dimensional objects are quite
distorted. A polysomnogram demonstrates a REM sleep-behavior disorder.

Comment
She has naMCI-multiple domain, with impairment of attention and concentration as well as visuospatial skills. She
has clearly undergone cognitive decline but is not demented. Again, the gradual onset and progressive decline
suggest a degenerative course. Her mild extrapyramidal features and REM sleep-behavior disorder, combined with
her visuospatial, attentional and executive difficulties, may suggest eventual evolution to dementia with Lewy
bodies, but at this time her diagnosis is naMCI.
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Once the diagnosis of MCI is made, the clinician
needs to determine whether a memory impairment is
present. Screening office memory tests such as a word
list with a delayed recall component or more detailed
neuropsychological testing can aid in documenting
memory functioning. If a memory impairment is
present, especially relative to appropriate age and
education standards, then the subtype of MCI is
aMCI. Neuropsychological testing can aid the clini-
cian in determining whether the person has solely
memory (single domain) problems or whether other
cognitive domains, such as language, executive func-
tion or visuospatial skills, are also impaired (usually
to a lesser extent). If memory is impaired with
another cognitive domain, then the MCI subtype is
aMCI-multiple domain.

Similarly, as indicated in Fig. 13.1, if the patient
is determined to be in the MCI category (not normal,
not demented) but does not have a significant
memory impairment, then the clinician must deter-
mine which cognitive domains are impaired. Non-
amnestic MCI is subtyped similarly, with single
domain (naMCI-single domain) or multiple domain
(naMCI-multiple domain). The rationale for this
subtyping in clinical practice is to determine the
phenotype of the clinical syndrome.

After describing the patient's symptom complex,
the clinician determines the etiology of the symptoms.
This is done in a similar fashion to making the diag-
nosis of dementia (Fig. 13.2). In the case of dementia,
the clinician determines the subtype of dementia, for

example degenerative suggestive of AD or more
closely resembling vascular cognitive impairment.
This determination is typically done based on the
history from the patient and informant, neuroimaging
and laboratory testing for other causes of cognitive
impairment. After completion of these evaluations,
the clinician then classifies the MCI syndrome by
likely etiology: degenerative (gradual onset, insidious
progression), vascular (abrupt onset, stepwise decline,
vascular risk factors, history of strokes, transient
ischemic attacks), psychiatric (history of depression,
depressed mood or anxiety), or secondary to con-
comitant medical disorders (e.g. congestive heart fail-
ure, diabetes mellitus, systemic cancer). Combining
the clinical MCI subtype with the presumed etiology,
the clinician can then make a reliable prediction
about the outcome of the MCI syndrome, as is shown
in Fig. 13.2.

Outcomes
Applying the criteria outlined in Fig. 13.1, patients
with aMCI of a presumed degenerative etiology pro-
gress to dementia (usually AD) at a rate of 10–15%
per year.3,23 The variability in the literature on this
rate of progression reflects, in part, the implementa-
tion of the MCI criteria. For example, among the
epidemiologic studies discussed above, particularly
those that retrofitted neuropsychological criteria to
existing databases, rates of progression vary, with some
studies reporting lower progression rates.5,22,24,25

In the large clinical trials studying MCI, progression

Cognitive complaint

MCI

Memory impaired?

Amnestic MCI

Amnestic MCI
single domain

Amnestic MCI
multiple domain

Non-amnestic MCI
single domain

Non-amnestic MCI
multiple domain

Memory
impairment only?

Single non-memory
cognitive domain

impaired?

Non-amnestic MCI

Yes

Yes

No

No Yes No

Not normal for age
Not demented

Cognitive decline
Essentially normal functional activities

Fig. 13.1. Current diagnostic
algorithm for diagnosing and
subtyping mild cognitive impairment
(MCI). (From Petersen [2004],19
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rates varied from 5 to 16% per year.23 As will be
discussed below, there are a number of possible
explanations for this variability. Despite this variabil-
ity in the precise rate of progression reported, all of
these progression rates far exceed the population inci-
dence figures for AD of 1–2% per year. In counseling
patients, an estimate of 10–12% per year is probably
a reasonably accurate prediction.

In a large prospectively designed trial from
Germany, MCI subjects diagnosed using the criteria
in Figure 13.1 progressed to dementia at rates of
7.2–10.2% per year.7 Some subjects improved from
MCI to normal (approximately 5% per year), but
another subset initially improved and subsequently
declined, implying instability in clinical course during
progression to dementia. The vast majority of demen-
tia cases were believed to represent AD.

Based on the available data from longitudinal
studies, it is probably most reasonable to inform
patients that individuals meeting criteria for MCI,
particularly aMCI of a degenerative etiology, will
likely progress to dementia (primarily AD) at a rate
of 10% per year. In a typical clinical neurology setting,
given that these patients present with a cognitive
concern, the progression rate is likely to be in the
10–15% per year range for those meeting the criteria
for aMCI. However, in community studies enrolling a
more heterogeneous patient population, the rates may
be lower, perhaps in the 8–10% per year range. It is
also important to inform patients that a small fraction
of individuals with MCI will improve and that others
may remain clinically stable for many years. Conse-
quently, while MCI (and particularly aMCI) of a
presumed degenerative etiology identifies individuals

with an increased risk of developing dementia, the
outcome of an individual patient is not absolutely
determined by the diagnosis.

Predictors of progression
Identification of factors that may be predictive of
which individuals with MCI are more likely to pro-
gress to dementia or AD more rapidly than others
remains a major area of interest within the field of
MCI research. In addition to the obvious benefit
in counseling patients and family members, those
designing clinical trials of potential therapeutics
would like to stratify subjects to maximize the likeli-
hood of progressing to AD over a reasonable period
of time. Several potential candidates for predicting
progression have emerged: clinical severity, magnetic
resonance imaging (MRI) of hippocampal volumes,
apolipoprotein E4 (ApoE4) carrier status, biomarkers
in cerebrospinal fluid (CSF), positron emission tom-
ography (PET) with [18F]-fluorodeoxyglucose (FDG)
and, possibly, PET utilizing a ligand that binds to
amyloid or one that binds to both amyloid and tau.

Clinical severity
Individuals having more severe memory impairment
are more likely to progress to AD more rapidly than
those with less memory impairment. This may
account for some of the variability observed in the
clinical trials to be discussed below. Also, persons
having aMCI-multiple domain subtype will probably
progress more rapidly than those having aMCI-single
domain. A recent study from the Mayo Clinic reported
that individuals with aMCI-multiple domain subtype
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actually had poorer survival than the aMCI-single
domain subjects (Fig. 13.3).26

Magnetic resonance imaging volumetric studies
A great deal of data exists regarding structural
MRI as a predictor of progression from MCI to AD.
Hippo campal atrophy (see Ch. 8) has been a promin-
ent and important predictor of subsequent progres-
sion from MCI to dementia and AD (Fig. 13.4).27

More recently, volumetric measurement of entorhinal
cortex volume, whole brain volume and ventricular
volume have also been shown to be useful.28 An analy-
sis of a combined measurement of both entorhinal and
hippocampal volume reported a small but detectable
predictive utility for this combined measurement
above and beyond age and cognitive variables.29

Evaluating the utility of volumetric assessment has
been complicated by the variable algorithms used
to assess volumes by different investigators, as well
as by the populations studied. Although some studies
have shown only small added predictive value, the
magnitude of this may be greater amongst patients
having less readily detectable cognitive impairment. It
is hoped that the Alzheimer's Disease Neuroimaging
Initiative will address this issue.21 A recent study
suggests that subjective visual assessments of the hippo-
campal formation may be useful as well.30

Apolipoprotein E genotype
Carrier status for the e4 allele of the ApoE gene
(giving rise to the ApoE4 isoform) is a recognized
risk factor for the development of AD,31 and this has
been documented in numerous studies around the

world. Carrier status for e4 has been demonstrated
to be predictive of progression from MCI to AD in
several studies of various populations, including the
Alzheimer's Disease Cooperative Study (ADCS) MCI
Treatment Trial and the Religious Order Study.32–34

It was also shown to correlate with more rapid pro-
gression of hippocampal atrophy as shown by MRI in
cognitively normal adults.35 While this is an important
adjunct to the clinical diagnosis of aMCI in predicting
progression to AD, it is not recommended for clinical
use for several reasons.36

Biomarkers in cerebrospinal fluid and plasma
As in AD, biomarkers for MCI are in the early stages
of development. There are some indications that the
CSF measures of b-amyloid (Ab) and tau protein may
be useful at differentiating subjects with MCI from
normal aging37–39 and that these markers may have
utility in predicting progression fromMCI to AD.40,41

A multinational study found that baseline CSF levels
of tau phosphorylated at threonine 231, but not total
tau protein levels, correlated with cognitive decline
and conversion from MCI to AD42 and with neuro-
fibrillary pathology in AD.43 A recent study investi-
gated the utility of CSF concentrations of Ab42 (the
42 residue form of Ab), total tau (T-tau) and tau
phosphorylated at threonine 181 (p-tau) in predicting
progression from MCI to AD reported a sensitivity of
95% and specificity of 83% using the combination of
elevated T-tau and lowered Ab42.44

The obvious hope is that biochemical markers
associated with AD pathology may ultimately provide
clinicians insights into which subjects likely have AD
pathology at the MCI stage. Biomarkers in CSF con-
tinue to be explored in large clinical trials (such as the
Alzheimer's Disease Neuroimaging Initiative21), but
the present data, while intriguing, are insufficient to
recommend use of CSF biomarkers in evaluation of
MCI. A recent report on the fluctuation of CSF Ab
levels over days may imply that careful design of the
conditions under which CSF is collected may make
measurement and utility of these biomarkers more
robust.45 Use of plasma Ab is less well developed,
but this or another plasma biomarker may prove
useful in the future.46,47

Positron emission tomography with
[18F]-fluorodeoxyglucose
Some evidence suggests that metabolic changes in the
brain may precede structural changes and, therefore,
may provide earlier identification of pathological
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processes and thus have prognostic value in the evalu-
ation of individuals having MCI. Studies have investi-
gated FDG-PET as a biological marker in AD, and
several report that FDG-PET suggestive of evolving
AD among cognitively normal subjects genetically
predisposed to develop AD.48,49 Several studies also
indicate that AD patterns of PET at the MCI stage
predict progression to AD.50,51 While intuitive, this
technique requires further exploration before it can
be recommended for routine clinical use.

Positron emission tomography with ligand binding
The latest imaging techniques attempt in vivo identi-
fication of underlying pathology to aid in predicting
progression of MCI. Pittsburgh compound B (PiB)52

binds to amyloid. It can be used as a ligand bound
to FDG to image amyloid depositions in the brain.
Early studies demonstrated its utility at distinguishing
between normal, MCI, and AD subjects. Few longitu-
dinal data are available regarding the outcome of MCI
subjects. The limited MCI data available indicate
three patterns: PiB retention similar to that of normal
subjects, PiB retention mimicking AD subjects, and
intermediate patterns. Some subjects with MCI
appear to have PiB retention patterns quite similar
to that in patients with fully developed AD, while
others have no PiB retention, as would be expected
in normal subjects. The third group has an intermedi-
ate degree of retention, as might be anticipated given
the clinical profile of MCI subjects.

The University of California at Los Angeles has
developed another ligand-bound FDG tracer, FDDNP
(2-(1-(6-[(2-fluoroethyl)(methyl) amino]-2-naphthyl)
ethylidene) malononitrile), that labels both amyloid
and tau proteins. This would theoretically allow iden-
tification of neuritic elements in the brain, including
both neuritic plaques and neurofibrillary tangles.53

While this compound is less specific for AD, it may
prove more sensitive at imaging the total pathological

burden. Once again, data are very preliminary and
longitudinal studies of both this tracer and PiB will be
needed to assess their utility.

Neuropathological correlates
The underlying neuropathological substrate of MCI,
particularly aMCI of presumed degenerative etiology,
remains an area of active research and debate. Some
investigators contend that the neuropathological sub-
strate of AD is already in place and, therefore, we
should diagnose these patients as having clinical
AD.54 Along these lines, a study from Washington
University reported that AD exists neuropathologically
at this point. However, investigators at Washington
University do not use MCI as a clinical designation
and, as a consequence, likely see only subjects who are
more advanced clinically than the MCI state. There-
fore, it might be expected that their neuropathological
data demonstrate AD.55 Importantly, this study did
not include autopsy data from subjects at the MCI
stage or even the Clinical Dementia Rating Scale
(CDR) 0.5 stage. Instead, most subjects had pro-
gressed clinically to CDR 1. Consequently, these data
are perhaps more correctly interpreted as an outcome
study rather than a cross-sectional study of subjects
with mild degrees of cognitive impairment.

A more recent study from the University of
Kentucky concluded that subjects with aMCI had
pathological findings similar to those of early AD.54

These investigators acknowledged that their MCI
subjects may have been more clinically advanced than
in other studies and that the AD population with
which they were compared was in the early clinical
stages of AD.

Pathological data in the Religious Order Study
demonstrated an intermediate pathology between
the neuropathological changes of normal aging and
very early AD.56 These investigators reported that

Normal MCI AD

Fig. 13.4. Coronal magnetic resonance images showing degrees of hippocampal atrophy in normal, mild cognitive impairment (MCI),
and Alzheimer's disease (AD).
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there is likely a combination of neuropathological
findings, including neurodegeneration and vascular
pathology, contributing to the clinical picture.

A recent Mayo Clinic study found that subjects
who die while their clinical classification was aMCI
(using the criteria outlined in Fig. 13.1) had neuro-
pathologic features intermediate between changes of
normal aging and AD.57 Most of these subjects had
some degree of medial temporal lobe pathology, usu-
ally neurofibrillary tangles, but only sparse diffuse
plaques in the neocortex (Fig. 13.5) and had mostly
low NIA-Reagan scores for the probability of meeting
neuropathology criteria for AD.

A second study from the Mayo Clinic investigated
the outcome of subjects with aMCI and, as expected,
the vast majority of subjects had progressed to AD.
However, as many as 20% had other types of dement-
ing disorders, such as dementia with Lewy bodies,
frontotemporal dementia, progressive supranuclear
palsy and vascular dementia, although any one of
these disorders was quite uncommon (Fig. 13.6).58

Therefore, while most of those with aMCI progress
to AD, some develop other clinical syndromes.

In summary, the actual pathologic substrate of
most aMCI appears to be one of evolving AD. That
is, the full AD neuropathologic spectrum is not pre-
sent at the MCI stage, but many incipient features are
evolving (Fig. 13.5).

Clinical trial data in mild cognitive
impairment
No treatments approved by the US Food and Drug
Administration (FDA) currently exist for MCI. One
would not expect an overall treatment indication of
MCI anymore than one would expect an overall indi-
cation for dementia. However, specific subtypes of
MCI might provide potential drug targets. Just as
dementia is subdivided into its multiple categories,
such as AD, vascular dementia, frontotemporal demen-
tia, one could similarly divide MCI into the various
subcategories, shown in Fig. 13.1. To date, most interest
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Fig. 13.5. Typical neuropathology in subjects
with amnestic mild cognitive impairment (MCI)
including neurofibrillary tangles and neuritic
amyloid plaque. AD, Alzheimer's disease.
(From Petersen et al. [2006],57 reprinted by
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has centered on aMCI of a degenerative etiology as
a potential drug target, since aMCI likely represents
the prodromal stage of AD.

In recent years, five major drug trials of com-
pounds for the treatment of MCI have taken place.
These are summarized in Table 13.3. These trials
enrolled 4000–5000 subjects worldwide and are now
completed. As a whole, they have been disappointing
in that none has been notably positive, with one
possible exception.63 There are numerous reasons
for this outcome and these will be discussed below.

Alzheimer's Disease Cooperative Study
Donepezil and Vitamin E Trials
The ADCS involved 69 centers in the USA and
Canada and enrolled 769 subjects with aMCI.23 Sub-
jects were randomized to three treatment groups:
donepezil (10mg per day), vitamin E (2000 IU per
day) or placebo. Subjects in all three groups received
a multivitamin. Each subject randomized to one of
the three treatment groups was followed with evalu-
ations every 6 months for up to 3 years. The entry
criteria included those outlined in Table 13.2 for
aMCI and the primary outcome measure was clinical
progression to AD. The entry criteria required
subjects to have an MMSE of 24 or greater and a
score representing an approximate 1.5 to 2 standard
deviations below education-adjusted normative values
on a modified version of the Wechsler Memory Scale-
Revised Logical Memory II subtest. These criteria
ensured that the subjects were sufficiently memory
impaired to be close to transitioning to AD yet did
not meet criteria for dementia.

The study had projected a progression rate of
10–15% per year for the aMCI subjects and was
powered to detect a reduction in that rate of 33%.
Neither of the two active treatment arms reduced the

risk of progressing to AD over the entire 3 years of the
study. However, donepezil reduced the risk of pro-
gression to AD for the first 12 months of the study in
all subjects and this effect persisted up to 24 months
among carriers of e4. In considering these data,
it should be noted that 76% of the 214 conversions
from aMCI to AD encountered in the trial were e4
carriers. Therefore, a treatment effect for donepezil
was reported for up to 12–24 months. There was no
treatment effect for vitamin E. The secondary meas-
ures generally corroborated these primary outcome
findings regarding the risk and rate of progression
from aMCI to AD.

The aMCI subjects progressed to AD at a rate of
16% per year in this study, quite similar to the design
projection. Of the 214 conversions to dementia, 212
were diagnosed with possible or probable AD, indi-
cating that the aMCI criteria were quite specific.

Recommendations based on the outcomes of this
trial were somewhat conservative, yet very relevant to
patient interactions. The authors concluded that while
donepezil could not be generally recommended for
the treatment of aMCI, clinicians should discuss the
use of this medication with patients on an individual
basis. Restated, while there is no FDA-approved treat-
ment for MCI, individualized off-label use of done-
pezil could be considered for treatment of aMCI
based on these data. The second recommendation
addressed the question as to whether APOE genotyp-
ing should be recommended in MCI, with the aim of
identifying individuals having a higher likelihood of a
clinical progression at an earlier stage in the disease
process. In accord with the many consensus panels
which have argued against using APOE genotyping
prior to the diagnostic stage of AD, this study agreed
with those recommendations. Here again, while no
recommendation is made for genotyping patients
with aMCI, the interesting results in this study will

Table 13.3. Clinical trials in mild cognitive impairment

Sponsor Compound Number
enrolled

Duration
(years)

Primary
outcome

Progression
rate (%)

Result Reference

ADCS Donepezil,
vitamin E

769 3 AD 16 Partially
positive

23

Johnson and Johnsona Galantamine 2048 2 CDR 1 5 Negative 60

Novartis Rivastigmine 1018 4 AD 5 Negative 61

Merck Rofecoxib 1457 3–4 AD 5 Negative 62

Notes:
CDR, Clinical Dementia Rating Scale.
aTwo trials.
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lead to further research. Finally, this provided the first
demonstration of any intervention's attempt to delay
the diagnosis of clinical AD. Prior to this, there had
been no clinical trials that had shown ability to delay
the onset of clinical AD and as such, this was an
important study.

Galantamine
Two studies were undertaken by Johnson and Johnson
and coworkers to investigate the impact of their acetyl-
cholinesterase inhibitor, galantamine, on the progres-
sion from aMCI to AD.60 These international studies
assessed the rate of progression from aMCI to AD, as
measured by progression on the CDR from 0.5 to 1. It
is important to note that this study did not use clinical
criteria for AD as a conversion point, but rather
assessed progression simply by using the CDR. Since
it is possible for a subject to progress from aMCI to
AD while remaining at the CDR level of 0.5, this design
may have resulted in decreased sensitivity. The two
trials investigated a total of 2048 subjects, among
whom 43% were e4 carriers. Galantamine did not have
a significant effect in either of the trials. A trend in
favor of galantamine was present, with 13% on galan-
tamine progressing (versus 18% in the placebo group)
in one trial and 17% of the galantamine group pro-
gressing (versus 21% of the placebo group) in the
second trial. Neither trial reached statistical signifi-
cance. Scans with MRI were performed on many of
the subjects, and there was a suggestion that galanta-
mine may have reduced the rate of whole brain atro-
phy over the 2-year study period. Despite there being
no significant treatment effects in these trials, there was
some suggestion of a drug effect, possibly corroborated
by MRI volumetric measures.

Rivastigmine
A large study conducted by Novartis investigated
its acetylcholinesterase inhibitor rivastigmine.61 This
3-year study involved 1018 subjects with aMCI and
assessed progression from aMCI to AD. This multi-
national study had many of the same features as the
ADCS but encountered difficulties with the imple-
mentation of the criteria. The study was conducted
in 14 countries using multiple languages and transla-
tions of the neuropsychological instruments and
enrolled subjects at a milder stage than that in the
ADCS trial of donepezil.64 As a consequence, the
lower than expected conversion rate, believed to be
related to these operational difficulties, required

extension of the study to 4 years in order to achieve
an adequate number of events. Over that time period,
17.3% of subjects taking rivastigmine progressed
to AD compared with 21.4% among the placebo
group. There was no statistically significant difference
between the two groups, but the difference was in the
appropriate direction. The study assessed a variety of
neuropsychological measures and found no dramatic
change in these. Genotyping for e4 was performed in
only a subset of patients, which did not allow this
to be included as a stratifying variable in the subse-
quent analysis. The investigators speculated that the
inclusion criteria (which were different from those
used in the donepezil trial) as well as the exclusion
of patients having symptoms of depression at baseline
may have contributed to the lower than expected
conversion rate of 5% per year. Despite the lower
conversion rate, nearly all subjects who progressed
to dementia were diagnosed with AD.

Rofecoxib
A large trial of the cyclooxygenase 2 (COX-2) inhibitor
rofecoxib in aMCI subjects was conducted by Merck.62

This trial enrolled 1457 subjects in a randomized,
placebo-controlled, double-blind study assessing the
rate of progression from aMCI to AD over 2 years.
The progression rate was lower than anticipated,
prompting extension of the planned two year study
to 3–4 years. This study reported annual conversion
rates to AD of 6.4% in the rofecoxib group and 4.5%
for the placebo group. This difference achieved statis-
tical significance (p¼ 0.011) in favor of the placebo
group. The authors reported that the secondary
cognitive measures did not corroborate the primary
outcome and consequently tended to dismiss the
significance of the finding in favor of placebo. It
is uncertain whether this indicates that the COX-2
inhibitor produced a more rapid progression to
AD, or whether it was simply spurious. The authors
identified several factors that correlated with a greater
rate of progression to AD, including lower MMSE
score, e4 carrier status, age, gender and prior use of
ginkgo biloba. Including these measures in a multivari-
ate prediction model, the previously noted primary
outcome was no longer present. The investigators in
this trial modified the memory inclusion criteria to
accept a lesser degree of impairment in order to
enhance recruitment. It is unclear if this led to a more
mildly affected study population or not, but this factor
may have contributed to the lower conversion rate.
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Trials summary
Taken together, these trials allow some important
conclusions. There are several possible factors con-
tributing to the variability in rate of progression from
aMCI to AD, including differences in the subject
populations recruited, enrollment procedures, the
operationalization of the aMCI criteria and the pri-
mary outcome measures.64 As noted above, some
international trials were conducted in multiple coun-
tries using multiple languages. Translation of the
evaluative instruments is one concern, as is the cul-
tural variability as to what constitutes dementia or
AD, much less aMCI. It is well known that the clinical
judgement of the threshold for AD varies widely
among cultures, since the functional requirement for
the diagnosis of dementia can be very culture specific.
If one extrapolates these difficulties to the clinical
context of making the rather subtle diagnosis of
aMCI, these cultural differences are likely to be mag-
nified. While it was ambitious for the investigators to
undertake these studies in a multinational setting, the
logistical difficulties may have hampered the ability to
produce reliable results.

Since e4 carrier status is a strong predictor of
progression to AD, variable e4 carrier rates among
the studies are another important factor that likely
influenced the outcomes. As noted above, these stud-
ies used slightly different implementation procedures
for the memory criteria of the aMCI diagnosis.
While seemingly innocuous, differing cutoff scores
used as inclusion criteria may have had a significant
impact on the composition of the study groups. For
example, if milder degrees of impairment were util-
ized in enrollment of the aMCI group, it is quite
possible that very mild aMCI and possibly normal
subjects (who would have been in the control group
of another trial) may have been included in the treat-
ment groups, resulting in a lower than expected con-
version rate.

Variability in determination of the primary out-
come measure may also have played a role. In addi-
tion to cultural differences in the clinical diagnosis of
AD, these studies also varied as to how the primary
outcome measure was operationalized. One study
used the CDR as the outcome, while others used the
clinical judgement of the investigators to make the
AD diagnosis. Again, since we are studying the subtle
phenomenon of the incipient stages of AD, seemingly
innocuous differences in implementation criteria may
have had a significant impact on outcome measures.

In summary, despite the variability among these
studies, several notable factors regarding the con-
struct of aMCI emerge. While the overall progression
rate ranged from 5% to 16%, all of these rates were
much higher than the population incidence rate
for AD of 1–2%. Restated, even the “least successful”
trial employing aMCI criteria doubled or tripled
the generally reported progression rate of the more
generalized population. The ADCS rate of 16% per
year far exceeds this general population rate by
several-fold. Therefore, while the treatments chosen
were essentially ineffective, the study designs docu-
mented the utility of using aMCI criteria to enroll an
enriched population for evaluating compounds that
may have important treatment implications for AD.
As treatments for disease modification become avail-
able, the aMCI criteria may be an important aid in
identifying an appropriate group of individuals to
enroll. The ability to identify a group of subjects likely
to progress at an accelerated rate would provide
an excellent clinical substrate for testing compounds
targeting the underlying disease process.

Application to clinical practice
Many clinicians are able to identify patients in their
practices who have “partial symptoms” of a dement-
ing disorder, yet are not sufficiently impaired to
deserve the label of dementia or AD. Ultimately, the
clinical utility of diagnosing these patients as having
MCI using the construct discussed here will be deter-
mined by its usefulness for these clinicians with
respect to patient care. Most literature has investi-
gated the aMCI subtype of a degenerative etiology,
likely prodromal to AD. Therefore, this discussion
will primarily pertain to that clinical subtype.

A 2001 evidence-based practice parameter from
the American Academy of Neurology endorsed the
construct of MCI.65 The authors found that sufficient
evidence exists to encourage clinicians to identify and
evaluate patients in their practices having clinical
features of MCI. These individuals are at increased
risk of developing dementia in the future, and should
be counseled appropriately. In the future, therapeutic
interventions may become available for these patients.
A tremendous increase in the extant literature
regarding MCI has occurred in the years since publi-
cation of the practice parameter. Consequently, the
practice parameter will likely be updated in the near
future.
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As the US demographic evolves to include increas-
ing numbers of older individuals, the number of
patients presenting with subtle cognitive concerns will
increase, as will the demands, desires and concerns of
these individuals. Practicing clinicians will require a
diagnostic framework in which to evaluate, classify
and ultimately treat these individuals. As the “baby
boomers” age into the decades of increased risk for
AD, many express growing concern that incipient
cognitive difficulties are emerging. Again, if one
accepts the premise that individuals pass through a
stage of “partial symptoms” en route to developing
a degenerative dementia such as AD, then the con-
struct of MCI becomes quite useful in addressing
these concerns.

It must be noted that these diagnostic classifica-
tions are arbitrary. All would agree that arbitrary
distinctions between categories such as MCI and clin-
ically probable AD are artificial when considered in
the context of the clinical evolution of AD. Neverthe-
less, this terminology addresses the need to communi-
cate clearly and effectively with our patients and with
each other. The stigma of the diagnostic label of
dementia or AD has significant social implications,
and the clinical designation of aMCI can be quite
useful in characterizing people who do not meet diag-
nostic criteria for AD or dementia.

How should patients with mild
cognitive impairment be counseled?
This is a reasonable question and deserves some
attention. It would be appropriate to discuss the
evolving nature of the construct of MCI with patients.
That is, as research proceeds, there certainly remains
discussion in the literature regarding the precise
characterization of the diagnostic criteria for MCI.
Nevertheless, given a patient who meets the criteria
outlined in Figure 13.1 and whose symptoms are felt
to be caused by a degenerative process, it would be
fair for the clinician to counsel a 10–15% per year risk
of progressing to clinically probable AD. To the
extent the patient deviates from the criteria, this pre-
diction could be adjusted upward or downward. For
example, an e4 carrier (keeping in mind that testing
for APOE genotype is not recommended in this
clinical situation) having atrophic hippocampal for-
mations on MRI would presumably be at a higher risk
of progressing more rapidly. Alternatively, a patient
with no family history of dementia, not an e4 carrier

and having normal medial temporal lobe structures
on MRI, it might be predicted that the individual will
not progress rapidly. Of course, the regular reassess-
ment, perhaps every 6 months, remains the best
adjunct for making this determination.

Counseling patients regarding the implications of
this diagnosis is perhaps the most important aspect
of diagnosing aMCI at this time. That is, while the
patient is cognitively competent, they may wish to
begin planning for the future, addressing financial
issues, retirement, living arrangements, and so on.

As mentioned above, there are no FDA-approved
drugs for MCI. One could certainly discuss use of a
cholinesterase inhibitor, and the results from the
ADCS trial provide an excellent framework for this
discussion. Keeping in mind the modest symptomatic
benefit demonstrated in that trial, a highly function-
ing business person age 66 years wishing to continue
to function in the work environment may be inclined
towards treatment with donepezil at an earlier stage.
Alternatively, a 72-year-old retired person largely
engaged in leisure activities may choose to defer
treatment until signs of greater impairment evolve.
The choice of whether to initiate treatment with
a cholinesterase inhibitor is ultimately a personal
decision, which must be made after a frank discussion
between the clinician and the patient of realistic aims
and expectations.

Many physicians recommend lifestyle modifica-
tion to try to minimize the rate of progression,
although definitive data here are limited. Frequently,
physicians recommend that patients remain physic-
ally active, intellectually engaged, socially active and
that they follow a heart-healthy diet.66,67

Finally, it is useful and can be quite encouraging
to inform patients that MCI is a rapidly evolving topic
of investigation and that they should remain in touch
with their physician regarding future advancements
in this area.

Future directions
Although the construct of MCI has not been adopted
by all individuals, it has become useful in both research
and clinical practice. It is currently being considered
for inclusion in the next revision (5th) of the Diagnos-
tic and Statistical Manual of Mental Disorders.68 As
stated above, determination of the utility of the MCI
construct will rest with the practicing clinicians.

Continued efforts aim to increase the specificity
of outcome prediction for subjects with aMCI. As
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mentioned, subjects carrying e4 genotypes and having
atrophic hippocampi on MRI will likely progress
more rapidly. The FDG-PET markers of progression
and CSF biomarkers, such as p-tau and Ab42, may
also provide useful prognostic data. In addition, the
newer molecular imaging techniques may provide
valuable antemortem insights into the underlying
pathology associated with aMCI. Studies investigating
PiB and FDDNP are underway. The utility of these
measures remains to be seen, but it is likely that some
combination of these techniques may prove useful in
predicting the outcome of aMCI.

For the practicing clinician, clinical criteria
(Fig. 13.1) can be used to identify patients having
MCI. Consideration of the suspected etiology will
then allow discussion of likely outcomes with the
patient (Fig. 13.2). For example, subjects with aMCI
of a degenerative etiology will likely progress to AD.
However, there is likely to be a second level of utiliza-
tion of the criteria as well. These clinical consider-
ations, augmented with some combination of the
various technological measures mentioned above,
may allow for more precision in prognostication. This
application of the MCI construct will initially be
restricted to research settings, but if the technology
proves useful, it may filter into practice at tertiary care
centers for the adjudication of difficult cases.

In summary, the construct of MCI serves a useful
purpose in sensitizing clinicians to earlier presenting
features of dementing disorders. Having been expanded
to include non-memory cognitive deficits, MCI can be
viewed as a precursor stage to many dementias, and its
subtypes may predict specific dementia subtypes.
Most literature pertains to the aMCI subtype, which
is useful for identifying individuals likely to develop
AD in the future. As disease-modifying therapies
emerge, the MCI construct may prove useful for
identifying subjects early in the course of the disease
process in an attempt to treat the disorders before
development of significant functional disability.
Ultimately, identifying individuals at risk for develop-
ing these diseases while still clinically normal may
allow for prevention in the future.
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Chapter

14 Mild cognitive impairment subgroups

Julene K. Johnson

Introduction
Mild cognitive impairment (MCI) is a clinical syn-
drome that represents a decline of cognitive function-
ing that is not sufficient to meet criteria for dementia.1

The cognitive decline is greater than that expected for
normal aging but is not sufficient enough to interfere
with most activities of daily living. In adults over 65
years of age, cognitive impairment without dementia
is two to five times more common than dementia and
occurs in approximately 11–27% of the population.2–7

Most studies suggest that the prevalence of cognitive
impairment increases with age. For example, Unverzagt
and colleagues3 reported that 29% of individuals
between 65 and 74 years of age and as many as 55%
of individuals over age 84 exhibited symptoms of
cognitive impairment (without dementia). However,
there is considerable variability in prevalence esti-
mates for MCI, in part because of different methods
for ascertaining and defining MCI.

Neurodegenerative disorders are proposed to
account for the majority of cognitive decline in older
adults. Numerous studies suggest that individuals
with MCI have an increased risk for converting to
dementia, particularly Alzheimer's disease (AD).8,9

However, the majority of these studies have focused
on MCI with predominantly memory impairment. In
the studies at the Mayo Clinic, individuals with MCI
convert to dementia at approximately 12% per year,
compared with healthy older adults, who convert at
approximately 1–2% per year.10 It has also been pro-
posed that most neurodegenerative diseases have an
MCI stage; however, the nature of the prodromal
stages of non-AD dementias is not yet well known.
For example, cognitive decline has been described in
preclinical stages of Huntington's disease,11,12 Parkin-
son's disease (PD)13 and sporadic Creutzfeldt–Jakob

disease.14 In addition, mild changes in cognition can
also occur in other conditions, such as depression,
medical illness and aging.3,15 One goal is to differen-
tiate mild changes in cognition that are associated
with different neurodegenerative diseases or other
conditions, and, of course, to differentiate normal
from pathological changes of cognition with aging.

The MCI term was popularized by Petersen and
colleagues in 1999;8 however, the term was first used
by the New York University group,16 who defined
MCI using the Global Deterioration Scale (GDS),17

and numerous other terms have been proposed (as
discussed below). There is still no consensus about
which criteria to use for MCI, and there is consider-
able debate in the field about the usefulness of various
definitions.15 However, the 1999 criteria proposed by
Petersen have been the most widely applied.

It has become increasingly clear that MCI is a
heterogeneous clinical syndrome. Some argue that
MCI is a transitional stage between healthy aging and
dementia.18 However, others argue thatMCI represents
early AD.19,20 Several studies, however, find that some
individuals diagnosed with MCI do not progress to
dementia, and some even revert to normal.15,21,22 One
goal of MCI research is to differentiate individuals
who will decline versus those who remain stable.
Heterogeneity is also observed in the clinical presen-
tation. The purpose of this chapter is to discuss MCI
in older adults with a particular focus on the recently
proposed subgroups of MCI.

Conceptualization of mild
cognitive impairment
The concept of MCI developed from the observation
that some older adults experience a decline in cogni-
tion with age. Reports of cognitive decline in older
adults occurred as early as the eighteenth century.23,24

However, Voijtech A. Kral, a Czech-Canadian neurolo-
gist and psychiatrist in Montreal, was one of the
first to differentiate types of memory decline in older
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adults. Kral observed two patterns of memory decline,
which he called “benign” and “malignant” senescent
forgetfulness in older adults.25–27 He noticed that
some older adults had poor recall of event details
but could remember the general information. He also
noted that these individuals were aware of the
memory difficulty and could usually eventually recall
the event. He proposed the term benign senescent
forgetfulness because these individuals progressed
very slowly. He described a second group of individ-
uals who had poor memory for details and events
and did not have insight into their memory deficit.
Because these individuals had lower cognitive test
scores and decreased survival, he proposed the term
malignant senescent forgetfulness to classify these
individuals. After 4 years, only 1 of the 20 individuals
with the benign form declined, whereas all with the
malignant form declined cognitively.28 Also at this
time, Roth et al.29,30 reported that accumulation of
neuritic plaques was related to a decline in cognition
and dementia in older adults. Thus, early studies of
mild cognitive impairment in older adults documented
different profiles of cognitive impairment and linked
changes in cognition to neuropathology.

Following these early studies, numerous new clin-
ical terms were proposed to categorize cognitive
impairment in older adults (Table 14.1). There was a
trend in the 1980s to attribute a slight decline in
cognition to a very early stage of dementia (e.g. ques-
tionable dementia,40 minimal dementia,41 limited
dementia).42 In 1986, the National Institute of Mental
Health proposed the term age-associated memory
impairment (AAMI) to refer to individuals who
scored greater than 1 standard deviation (SD) below
young adults on tests of memory.33 This was the first
attempt to operationalize a definition of cognitive
decline in older adults.

In 1989, the term late-life forgetfulness was pro-
posed to classify individuals who scored 1.5–2.0 SD
below age-matched norms on memory tests.34 Flicker
and colleagues16 identified a group of individuals with
MCI as defined by a score of 3 on the GDS.17 In
contrast, age-associated cognitive decline (AACD),38

age-related cognitive decline (ARCD)1 and cognitive
impairment no dementia (CIND)1 were developed
to classify individuals who exhibit impairment on any
cognitive domain, including memory. Interestingly,
the terms benign senescent forgetfulness, AACD and
AAMI are used to characterize cognitive changes
associated with normal aging and are not regarded
as preclinical stages of neurodegenerative diseases.

Although used by Flicker and colleagues16 in 1991
and the World Health Organization31 in 1978, the
term MCI was popularized by Petersen and colleagues
in the Mayo Clinic series.8,10 Following these seminal
publications, there was a substantial increase in the
number of studies about MCI describing the clinical
features, prevalence and outcomes. However, the lit-
erature remains challenging to read because different
definitions of MCI are used by different groups.43

In addition, European researchers have focused on
AAMI, AACD and normal aging,15 whereas research-
ers in the USA have focused on MCI as a prodrome
to dementia. Until recently, the majority of studies
focused on MCI and memory decline with age. It
was not until recently that cognitive decline in non-
memory domains was considered.

MCI is generally diagnosed using a combination
of clinical judgement, informant report and neuro-
psychological tests. However, no standard tests or
combination of tests are recommended, and different
groups use a different combination of tests.

Table 14.1. Terms used to label mild cognitive impairment
in older adults

Term Reference

1962 Benign senescent forgetfulness 27

1962 Malignant senescent forgetfulness 27

1978 Mild cognitive impairment not
amounting to dementia

31

1982 Mild cognitive decline (GDS¼ 3) 17

1982 Questionable dementia (CDR¼ 0.5) 32

1986 Age-associated memory impairment
(AAMI)

33

1989 Late-life forgetfulness (LLF) 34

1991 Possible dementia prodrome (PDP) 35

1991 Mild cognitive impairment (MCI) 16

1992 Mild cognitive impairment 36 (ICD-10)

1993 Mild cognitive disorder 37 (ICD-10)

1994 Age-associated cognitive decline
(AACD)

38

1994 Mild cognitive decline 1 (DSM-IV)

1994 Age-related cognitive decline (ARCD) 1

1997 Cognitive impairment no dementia
(CIND)

2

1997 Mild cognitive impairment (MCI) 39

Notes:
GDS, Global Deterioration Scale; CDR, Clinical Dementia Rating Scale.
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Conceptualization of mild cognitive
impairment subgroups
After studying multiple cohorts across the world, it
became clear that MCI represented a heterogeneous
clinical condition.7,20,44 One source of heterogeneity
involving several studies suggested that individuals
with MCI have impairment in non-memory cognitive
domains in addition to the disproportionate deficits
in memory.8,45 Furthermore, not all subjects with cog-
nitive decline experience a change in memory.18,20,46

It was hypothesized that AD could begin with impair-
ment in non-memory cognitive domains.47 This
hypothesis was based, in part, on the observation of
atypical presentations of AD that had disproportion-
ate impairment in non-memory cognitive domains
such as language, executive function or visuospatial
function.48–50

In 1999, an international working group convened
in Chicago at the Current Concepts in Mild Cognitive
Impairment Conference18 and acknowledged that MCI
was heterogeneous and proposed MCI subclassifica-
tions: (1) MCI (amnestic [aMCI]), (2) MCI (multiple
domains slightly impaired – without requiring a
memory deficit) and (3) MCI (single, non-memory
domain) (Tables 14.2 and 14.3). The working group
also proposed that the different subgroups may
have different clinical outcomes, with aMCI primarily
converting to AD, and non-memory single domain
MCI converting to frontotemporal dementia (FTD),
dementia with Lewy bodies, primary progressive
aphasia (PPA), PD or AD. However, the authors
noted that these subgroups were primarily hypothet-
ical, and no conversion data were yet available.

In 2004, another international working group
met, this time in Stockholm, to propose consensus
diagnostic criteria for MCI.51 The working group
drafted general criteria for MCI: (1) not normal
but not demented, (2) cognitive decline (by report
and impairment on objective memory tests and/or
evidence of decline over time on cognitive tests) and
(3) preserved basic activities of daily living. They also
discussed the heterogeneity of MCI and included
an algorithm for classifying four MCI subgroups:
(1) aMCI, (2) aMCI multiple domain, (3) non-amnestic
MCI multiple domain, and (4) non-amnestic MCI
single domain. A slightly different version of this
algorithm was published in the same journal issue
by Petersen.52 Although four subgroups were defined
by this algorithm, the multiple domain MCI (with or
without memory) is often collapsed into one group

(MCI-MCD), yielding three or four subgroups.
Neuropsychological testing is generally used to help
to determine the specific MCI subgroups, and the
cognitive domains of memory, language, executive
function and visuospatial skills were recommended
to be assessed. However, no specific neuropsycho-
logical tests were proposed. The classification of
MCI subgroups has not gone without criticism. For
example, Rasquin et al. (2005)53 argued that the MCI
subgroups have limited clinical relevance.

Clinical heterogeneity in MCI is likely influenced
by different underlying etiologies, which contribute to
the cognitive decline. As discussed in the introduc-
tion, the majority of subjects with MCI are believed
to have an underlying neurodegenerative disease.
Cognitive decline in the absence of dementia can also
occur in other neurodegenerative disorders (e.g. FTD,
Huntington's disease) and medical conditions (e.g.
depression, schizophrenia). It is not surprising that
most neurodegenerative disorders have a preclinical

Table 14.2. Original and revised criteria for mild cognitive
impairment

Criteria

Original8 1. Memory complaint (noted by individual,
informant or physician)

2. Objective memory impairment on memory test

3. Preserved general cognitive function

4. Generally intact activities of daily living

5. Absence of dementia

Revised51 1. Complaint from individual or informant

2. Change from normal functioning

3. Decline in any area of cognition

4. Preserved overall general function but some
difficulty in activities of daily living

5. Absence of dementia

Table 14.3. Proposed conversion diagnoses

Subgroups Conversion diagnosis

MCI – amnestic Alzheimer's disease

MCI – single
non-memory

Frontotemporal dementia, dementia with
Lewy bodies, vascular dementia, primary
progressive aphasia, Parkinson's disease,
Alzheimer's disease

MCI – multiple
domains

Alzheimer's disease, vascular dementia,
normal aging

Note:
MCI, mild cognitive impairment.
Adapted from Petersen et al. (2001).18
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stage, since they often begin insidiously and progress
gradually. The majority of research so far has focused
on aMCI and risk for AD.

The prevalence of MCI subgroups is not yet well
known. In an early study using data from the Cardio-
vascular Healthy Study, Lopez and colleagues7 found
a higher percentage of subjects with MCI-MCD (16%)
compared with aMCI (6%). In the Leipzig Longitudinal
Study of the Aged (LEILA 75þ), the non-amnestic
(single domain) MCI had the highest prevalence rate
at 17.4%, followed by aMCI multiple domain at 10.9%.
The aMCI single domain had the lowest prevalence rate
at 9.3%. In the Vienna-Transdanube-Aging (VITA)
study, Jungwirth and colleagues54 found the highest
prevalence rate for non-memoryMCI (14.9%), followed
by memory impairmentþ non-amnestic impairment
(5.2%) and selective memory impairment (3.7%).
The next sections provide further discussion about
three subgroups of MCI: aMCI, non-amnestic MCI,
and MCI-MCD.

Amnestic mild cognitive impairment
(single domain)
The majority of research50 so far has focused on aMCI.
The initial focus of MCI research was on memory
decline. According to the 2001 international consen-
sus,51 aMCI (single domain) is characterized by a
relatively selective decline in memory function. Indi-
viduals with aMCI present with a subjective memory
complaint, preferably corroborated by an informant,
have objective impairment on memory tests and are
not demented. They commonly perform below the
norm for their age on objective measures of verbal
or visual episodic memory, such as remembering
word lists, stories or pictures.8,22 Approximately
10–15% of individuals with aMCI convert to demen-
tia per year,8,55 and 80% convert to dementia over
6 years.18 Individuals with aMCI commonly convert to
clinically diagnosed AD;8,55,56 however, other neuro-
pathological diagnoses, such as hippocampal sclerosis
and argyrophilic grain disease, have been reported57

and are discussed in more detail below.
Results from several population studies suggest

that individuals with aMCI (single domain) are a
relatively small group compared with the broader
form of MCI.4,7,21,56,58 In one of the first population-
based prevalence estimates of MCI subgroups, the
Cardiovascular Healthy Study found that aMCI had
a prevalence rate of 6%, while MCI-MCD had a
prevalence of 16%.7

Non-amnestic mild cognitive impairment
(single domain)
Non-memory presentations of MCI have also been
proposed,18,20,47,59 but less is known about the clinical
characteristics and outcomes. Although specific non-
memory cognitive domains have not been specified,
the following summarizes three possible non-memory,
single domainMCI presentations: dysexecutive, visuos-
patial and language.

Dysexecutive
In the original proposal of MCI subgroups, the dys-
executive presentation of MCI was suspected to be a
prodrome for FTD.18 An isolated impairment in
executive function has been described in families
with known mutations causing FTD prior to the onset
of dementia.60,61 In addition, de Mendonça and col-
leagues62 retrospectively described the MCI stage of
seven patients with FTD and found both the presence
of behavioral change and executive dysfunction prior
to the onset of dementia. However, several studies
suggest that FTD begins primarily with changes in
behavior,63,64 and executive function is often pre-
served in the early stages of FTD.65 Other studies also
suggest a combination of behavioral changes and
executive dysfunction characterize the first symptoms
of FTD.66 More recently, the term mild behavioral
impairment has been proposed to describe late-life
changes in behavior that are a possible prodrome
for FTD.67

Isolated executive dysfunction may also be a
prodrome for other neurodegenerative disorders.
For example, several studies suggest that isolated
executive dysfunction is evident before the onset of
dementia in PD.13,68 In another study, Johnson and
colleagues59 described an individual who died with an
isolated executive impairment and found plaque
and neurofibrillary tangle neuropathology associated
with AD on autopsy. We, therefore, proposed that
an isolated executive impairment may represent a
dysexecutive presentation of MCI. We are currently
following a cohort of individuals who present with
isolated impairments on tests of executive function
or complain about dysexecutive symptoms (e.g. con-
centration, multitasking, problem solving) to deter-
mine the clinical outcome. Figure 14.1 shows a
representative magnetic resonance image (MRI) from
one individual diagnosed with dysexecutive MCI in
our cohort.
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Visuospatial
There has been only one study describing a subgroup
of MCI with visuospatial defects. Mapstone and col-
leagues47 described an individual with MCI who had
selective impairment in visuospatial function and a
preservation of memory.

Language
A language presentation of MCI has not received much
attention apart from the classification of PPA, also
called the language variant of frontotemporal de-
mentia. By definition, PPA begins with approximately
2 years of relatively isolated language impairment.69

A variety of neuropathological conditions can cause
PPA, including corticobasal degeneration, Pick's dis-
ease, progressive supranuclear palsy, Creutzfeldt–Jakob
disease and AD.70,71 It is not yet clear how PPA will fall
within the MCI–language conceptualization.

Mild cognitive impairment multiple
cognitive domain
As discussed above, MCI-MCDT (also referred to as
md-MCI, “memory plus”) is used to classify individ-
uals who have MCI across multiple domains but are
not demented. In other words, it is used to classify

individuals who do not have a clear disproportionate
impairment in one cognitive domain. The term
was first proposed in the Current Concepts in Mild
Cognitive Impairment Conference in 1999.18 Memory
may or may not be included in this classification,
which adds to the confusion about this subgroup
(see Winblad et al.51). As discussed above, the preva-
lence of MCI-MCD appears to be higher than that of
aMCI (e.g. prevalence rate of 16% compared with 6%
for aMCI in the Cardiovascular Health Study).7 More
than 50% of those with MCI-MCD have memory
impairment.72

Neuroimaging of subgroups
in mild cognitive impairment
Early studies suggested that individuals with MCI had
smaller volumes and decreased hypoperfusion of
medial temporal cortex.73 In addition, hippocampal
atrophy was found to be a good predictor of conver-
sion from MCI to AD.74 Therefore, the majority of
early imaging studies in MCI focused on the medial
temporal lobes and memory. More recently, there are
a few studies that examine neuroimaging differences
in MCI subgroups. For example, Bell-McGinty and
colleagues75 found that patients with aMCI had
volume loss in the left entorhinal cortex and inferior
parietal cortex, whereas patients with MCI-MCD
had volume loss in the right inferior frontal gyrus,
right middle temporal gyrus and bilateral superior
temporal gyrus. Another study, by Becker and col-
leagues,76 found that subjects with aMCI had signifi-
cantly greater hippocampal atrophy than controls. In
contrast, the subjects with MCI-MCD did not differ
from controls in hippocampal volumes. These results
suggest that the MCI subgroups may have different
neuroimaging profiles. However, additional studies
are needed with larger sample sizes.

Clinical outcome for subgroups
in mild cognitive impairment
The clinical outcome of MCI subgroups is not yet well
understood. Again, the focus has been on studying
individuals with aMCI who progress to AD. Only
recently have investigators addressed the clinical out-
come of MCI subgroups.

Conversion to dementia
In a review of several large longitudinal studies, Petersen
and colleagues18 found that individuals diagnosed

Fig. 14.1. Representative magnetic resonance image of an
individual with dysexecutive mild cognitive impairment. Note the
prominent atrophy in the frontal and temporal regions and the
relative sparing of posterior regions.
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with aMCI convert to AD at an annual rate between
6 and 25%, which is substantially higher than conver-
sion to dementia in healthy elderly individuals. In a
community-based sample of elderly individuals, sub-
jects classified as having aMCI were approximately
four times more likely to progress to AD.58

When comparing the different subgroups, there
appear to be different risk profiles for converting to
dementia. Several studies found that subjects with
MCI-MCD have a higher progression rate to dementia
than those with aMCI.53 For example, Alexopoulos
and colleagues77 found that 45% of the individuals
with MCI-MCD progressed to dementia after a mean
of 3.5 years, compared with 38% of those with single
domain non-memory MCI and 25% of those with
aMCI In these studies, aMCI had low prognostic
value, while MCI-MCD had high prognostic value
for conversion to AD. In contrast, Yaffe and col-
leagues78 found that individuals with aMCI were
more likely to convert to dementia than individuals
with single domain, non-memory MCI or MCI-
MCD. However, another study did not find a rela-
tionship between MCI subgroups and development of
dementia.44 In one study, two-thirds of those patients
who progressed to AD had had a prior diagnosis of
aMCI.78 In contrast, 50% of the patients diagnosed
with vascular dementia had a prior diagnosis of
aMCI, and all patients who converted to a frontal
dementia had a prior single non-memory MCI diag-
nosis. However, several studies point out that some
individuals diagnosed with MCI do not progress to
dementia, and some even revert to normal.15,21,22

Mortality
There have been only a few studies addressing the
risk of mortality in subgroups of MCI. In one study,
Yaffe and colleagues78 found that patients with single
domain non-memory MCI and MCI-MCD have a
greater risk of death than patients with aMCI. After
adjusting for baseline score on the Mini-Mental State
Examination and demographic, depression, function
and medical conditions, the patients with single
domain non-memory MCI were more likely to be
dead by the time of follow-up.

Neuropathology
Only a small number of individuals have been studied
neuropathologically in the MCI stage. Of those, the
majority of studies focus on the neuropathology of
aMCI. Several early studies reported that individuals
with aMCI are likely to meet neuropathological

criteria for AD at autopsy.19,20,79 However, in a recent
study of individuals who died with a diagnosis of
aMCI, all 15 had pathological findings involving the
medial temporal lobes (mean age, 89 years).80 Most
individuals did not meet the National Institute on
Aging–Reagan neuropathological criteria for definite
AD, but instead had various transitional stages of AD
neuropathology. In addition, there were several
comorbid neuropathological diagnoses, including
hippocampal sclerosis, argyrophilic grain disease, Lewy
bodies and vascular lesions. Jicha and colleagues57

studied 34 individuals who were originally diagnosed
with aMCI and progressed to dementia. In this
sample, there was a high percentage of patients diag-
nosed with argryophilic grain disease, and most sub-
jects had multiple neuropathologic diagnoses.

There are fewer studies describing the neuropath-
ology on single domain, non-memory MCI or MCI-
MCD. As described above, we described an individual
with isolated executive dysfunction who had plaques
and tangles that did not meet criteria for definite AD.
However, accumulation of the neurofibrillary tangles
and b-amyloid was higher in the midfrontal cortex
relative to other cortical regions (i.e. temporal,
parietal and occipital cortices), including the hippo-
campus. Moderate to severe neurofibrillary tangles in
the entorhinal cortex and subiculum were seen with
relative sparing of area CA1 of the hippocampus.
In addition, the posterior cingulate cortex had the
highest degree of neurofibrillary degeneration. The
predominance of neuropathology in the frontal cortex
is similar to the patients we have described with a
frontal variant of AD.48 That is, patients with AD and
a disproportionate executive dysfunction also had a
greater-than-expected degree of neurofibrillary tangle
neuropathology in the frontal cortex. These results
suggest that the disproportionate accumulation of
neuropathology can be observed early in the disease.
Future studies will help to determine the neuropatho-
logical diagnoses of the various MCI subgroups.

Conclusions
Mild cognitive impairment is a clinically hetero-
geneous syndrome characterized by a variety of clinical
profiles and underlying etiologies. The concept of
MCI has been associated with many different clinical
labels, which have contributed to the confusion about
the concept. The majority of research about MCI
focuses on the amnestic subgroup, which is charac-
terized by a relatively selective decline in memory
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function. However, it is becoming increasingly
recognized that MCI may also involve non-memory
cognitive domains.

Mild cognitive impairment is an important clin-
ical syndrome to study because of the risk for conver-
sion to dementia, its functional impairment and the
increased risk of death. However, it is important to
keep in mind that some individuals diagnosed with
MCI do not progress to dementia, and some even
revert to normal. The concept of MCI is currently
framed as a preclinical stage of AD. However, because
most neurodegenerative diseases begin insidiously
and gradually progress, it is likely that most neuro-
degenerative diseases will have an MCI stage once
earlier detection is possible. As the window for early
detection moves back, it will be possible to identify
MCI stages for many other neurodegenerative dis-
eases. Early detection is key because future thera-
peutic interventions will most likely have maximal
effectiveness early in the disease process. It is clear
that differential diagnosis is important as MCI stages
of different diseases are identified. It is not yet clear
if the term MCI will remain as a term to designate
a preclinical stage of AD or might be applied to other
preclinical diseases.

There is a need to improve the characterization of
cognitive impairment in the absence of dementia in
both preclinical syndromes and medical conditions,
with particular emphasis on non-memory presenta-
tions; this will improve our ability to relate the clinical
presentation to underlying etiology. Future studies
must determine how the MCI stages of different
neurodegenerative disorders overlap or differ.
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Chapter

15 Early clinical features
of the parkinsonian-related dementias
Bradley F. Boeve

Introduction
Neurologists are confronted with complex patients
in whom accurate diagnoses and improvement of
symptoms are expected. One useful strategy is to
determine if a patient has a constellation of symptoms
and findings that fits within a broad category or
syndrome, which then narrows the differential diag-
nosis and allows the clinician to commence a focused
work-up. For example, the differential diagnosis and
spectrum of available diagnostic studies for a patient
with dementia, or a patient with parkinsonism, are
rather wide; these are far more restricted in those
who have elements of both dementia and parkinson-
ism. Furthermore, an insidious onset and progressive
course suggests a neurodegenerative disease as the
likely underlying process. This scenario is relatively
common for community neurologists and very common
for behavioral neurology and movement disorder
specialists at academic centers.

The primary differential diagnosis in a patient
with dementia plus parkinsonism who has experi-
enced an insidious onset and progressive course, in
probable decreasing prevalence in the population,
includes dementia with Lewy bodies (DLB), Parkinson's
disease (PD) with dementia (PDD), progressive supra-
nuclear palsy (PSP), corticobasal syndrome (CBS)/
corticobasal degeneration (CBD), and frontotemporal
dementia (FTD) with parkinsonism linked to chromo-
some 17 (FTDP-17). One useful exercise in the clinic
is to use the interview and examination to explore
the following areas of symptomatology: cognitive/
neuropsychological, behavioral/neuropsychiatric,motor/
extrapyramidal, sleep, autonomic, sensory and other/
miscellaneous features. In typical cases, these clinical fea-
tures permit relatively easy differentiation (Table 15.1).

Several promising therapies that target amyloid
in Alzheimer's disease (AD) – recently shown to be
efficacious based on laboratory and animal model
studies – are being studied in humans, with encour-
aging initial results. Researches in basic science con-
tinue to make advances along similar lines, targeting
a-synuclein, tau, progranulin, TAR DNA-bindings
protein and other molecules, with 43 (TDP-43), will
lead to testable therapies sometime in the future for
the non-AD disorders. These therapies will undoubt-
edly be studied first in patients with fully expressed
DLB, PDD, PSP, CBS/CBD, FTDP-17 and so on, and
if shown to be beneficial, testing efficacy in patients
with milder features of an evolving neurodegenerative
disorder will be the next logical step. It is, therefore,
critical for clinicians to work with colleagues in
other fields and refine existing technologies to allow
identification of individuals with very early disease –
preferably before any symptoms are manifest.

What do we know about the very early features of
the major parkinsonian dementias? For some, such
as DLB and PDD, a large body of literature has
evolved on early features, but little is known about
the very early features of PSP, CBS/CBD and FTDP-
17. The primary goal of this chapter is to review the
current knowledge of early manifestations of these
disorders. Since it is logical to expect that early
manifestations may simply reflect milder changes of
what is typically seen in the full-blown illness, the
clinical features for each disorder will be reviewed in
detail, realizing that similar information on some of
these disorders is covered in some of the other chap-
ters in this text.

Lewy body disease: dementia with
Lewy bodies and Parkinson's disease
with dementia
Both DLB and PDD are clinical syndromes associated
with underlying Lewy body disease (LBD) pathology.
A critical feature in the pathophysiology of DLB and

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.
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PDD is the abnormal accumulation of the protein
a-synuclein, which is the major constituent of the
Lewy bodies and Lewy neurites that define LBD.
The primary distinction between the two syndromes
on clinical grounds is the temporal association of
dementia and parkinsonism: the term PDD is applied
when the onset of dementia is at least 1 year after the
onset of parkinsonism, and DLB is applied in any
other circumstance (dementia onset within 1 year of
parkinsonism onset or dementia onset occurring con-
currently or anytime before the onset of parkinson-
ism). While there is considerable overlap between the
two disorders, there do appear to be a few important
differences in some aspects. They will, therefore, be
considered separate clinical syndromes for purposes
of this chapter.

These differences may reflect the degree of coex-
isting neurodegenerative changes, particularly diffuse
and neuritic plaques and neurofibrillary tangles, in
the brain. This “Alzheimerization” is thought to be a
major contributor to the cognitive features in DLB,
overshadowing the motor features. Neuropathologic
studies indeed show a much greater tendency for
coexisting AD-type changes in DLB compared with
PDD,1–3 which likely explains the greater anterograde
memory impairment and lack of cuing benefit in
subjects with DLB compared with those with PDD.

Diagnostic criteria for dementia
with Lewy bodies
The core clinical features for DLB include the pres-
ence of dementia plus the following; one feature is
necessary for the label of “clinically possible DLB”
and two or more features are needed for the diagnosis
of “clinically probable DLB”:4

� recurrent fully formed visual hallucinations
� spontaneous parkinsonism (i.e. not associated

with neuroleptic or antiemetic use)
� fluctuations in cognition or arousal
� REM (rapid eye movement) sleep behavior

disorder (RBD).
This list should be qualified. Both RBD and neuroleptic
sensitivity are considered suggestive features for the
diagnosis of DLB.4 For practical purposes, since few
give test doses of haloperidol or chlorpromazine to
determine if neuroleptic sensitivity is present (this
practice is obviously marginally ethical as well), but
RBD is common in DLB, quite specific for DLB (as
opposed to AD and FTD) and not overly challenging
to assess, the presence of RBD could be considered

a fourth core feature (these features will be elaborated
upon below).5–7

Typical clinical features of dementia
with Lewy bodies
Cognitive/neuropsychological features
Many patients describe the tendency to lose one's
train of thought in the middle of a sentence, which
some have termed “verbal blocking;” they typically do
not have demonstrable dysarthria (other than hypo-
kinesia), apraxia of speech, or aphasia early in the
course. Patients and their caregivers often describe
forgetfulness for upcoming appointments and social
engagements, losing details of recent events and con-
versations and tendency to repeat questions, yet on
office testing these individuals typically perform
better than expected on the delayed recall portions
of screening mental status examinations. One obser-
vation that many clinicians now appreciate is the
relative lack of anosagnosia: these patients are typic-
ally bothered by their cognitive symptoms and are
seeking treatment on how to improve it, whereas
patients with AD typically are not overly bothered
by their memory impairment or overtly argue with
family members that “my memory is fine!” Geo-
graphic disorientation can lead to getting lost while
driving, or even struggling to locate the bathroom in
one's own home. Visuospatial impairment is often
easily demonstrated in the office (e.g. intersecting
pentagons, Necker cube). Misidentification errors
involving people can occur and are particularly upset-
ting when patients fail to recognize their own spouses
or children. Some believe their own reflection in
mirrors is someone other than themselves, sometimes
leading to conversations or arguments with the per-
ceived individual. Trouble using the telephone, televi-
sion remote, microwave and household appliances is
a common complaint. Bradyphrenia, easy distractibil-
ity and difficulties with multitasking and performing
sequential tasks are very common.

Impairment in attention/concentration and exe-
cutive functioning (henceforth these domains will be
considered collectively as aspects of “executive func-
tioning”) and visuospatial functioning, with relative
preservation in confrontation naming and verbal
memory, can be considered the prototypical neuro-
psychological profile of impairment in DLB.8 In our
experience, there can be considerable variability on
formal testing even when the tests are performed hours,
weeks or months apart. Memory impairment tends

Section 2: Cognitive impairment, not demented

200



to be mild, but it can be severe in some.9 In mildly
affected patients, a discrepancy between a person's func-
tional abilities (poor performance) and his/her findings
on neuropsychological testing (good performance) can
be striking, sometimes leading the clinician to a strong
suspicion of depression, anxiety, stress or other factors
as the underlying cause of their cognitive symptoms.

Behavioral/neuropsychiatric features
A defining feature of DLB is the presence of visual
hallucinations. These hallucinations are often vivid
and well-formed false perceptions of insects, animals
or people. The hallucinations can be in black and
white or in color, and at times they are frightening.
Some patients talk to the perceived people or animals,
or attempt to shoo them away. Arguments often ensue
when family members attempt to convince patients
that the images are not actually there. Many patients
recognize that the visual experiences are in fact hallu-
cinations and not actually present, and manage to
carry out their daily activities relatively undisrupted.
Some describe a tendency to blink hard, or look away
for a few seconds and then redirect their gaze back,
and the image disappears. Others describe them as
comical or even consider them as “friends” of sorts.
A REM sleep/wakefulness dysregulation has been pro-
posed as a mechanism underlying visual hallucin-
ations, based on polysomnographic monitoring in
patients with PD and psychosis, in which the dream
imagery of REM sleep may be invading into wakeful-
ness.10 A similar mechanism has been proposed
to underlie hallucinations associated with DLB.11,12

If further studies substantiate this mechanism, treat-
ments already known to be efficacious in the manage-
ment of narcolepsymayprove useful in themanagement
of hallucinations, hypersomnolence and similar phe-
nomena associated with DLB.

Visual illusions can also occur in DLB, in which
objects are perceived as something different than they
actually are. Some typical examples include perceiving
chairs, lamps or mailboxes as people or animals.
Delusions are also frequent and typically have a para-
noid quality, with examples being beliefs that one's
belongings have been stolen or that other people are
invading or living in the home (i.e. phantom
boarder).13 One particular delusion can evolve around
misidentification errors, in which a person believes that
his or her spouse has been replaced by an identical-
appearing imposter (i.e. Capgras syndrome).14 Apathy,
depression and anxiety are all very common in
DLB. Auditory, tactile or olfactory hallucinations are

uncommon. Agitation or aggressive behavior tends to
occur late in the illness if at all.

Motor/extrapyramidal features
Spontaneous parkinsonism (i.e. unrelated to dopamine
antagonist exposure) is also a defining characteristic
of DLB.4 Signs and symptoms include masked facies,
stooped posture, shuffling gait, bradykinesia, postural
instability, difficulty with fine motor skills, sialorrhea
and tremor. While some patients have a unilateral or
asymmetric rest tremor, with a “pill-rolling” quality
that is typical of PD, most have a mild to moderate
postural tremor that is often symmetric. Carbidopa/
Levodopa can be beneficial for patients with DLB,
but the response is more variable than in typical PD.
Dopamine agonists are limited by their tendency to
exacerbate delusions and hallucinations. Some patients
have a several year history of essential/familial tremor
or are diagnosed with this entity months or a few years
before the cognitive and neuropsychiatric features
become more obvious. Myoclonus occurs in some
patients, which can complicate differentiation from
Creutzfeldt–Jakob disease if progression occurs over
a short period of time.

Sleep disorders
REM sleep-behavior disorder is common in DLB.7,15

Affected patients seem to “act out their dreams,” in
which they yell, scream, swear, punch, kick, swing,
jump out of bed and so on. The dreams often have a
chasing or attacking theme, with the patient attempting
to protect himself or herself. When the patient is
awakened, the description of the dream tends to match
the behaviors that had been exhibited. Injuries to
patients and their bed partners can occur. The start of
RBD often occurs years or even decades before any
cognitive or motor symptoms develop (see below),
and RBD is intriguing as it tends to occur in certain
disorders (such as DLB, PD, PDD and multiple system
atrophy) but not others (such as AD, Pick's disease,
PSP, CBS/CBD, FTD).7,16 Dysfunction in brainstem
neuronal networks are believed to underlie RBD.7

Many patients with DLB also have excessive day-
time somnolence, in which they will struggle to stay
awake during the day.17 Other sleep disorders in DLB
include insomnia, obstructive sleep apnea, central
sleep apnea, restless legs syndrome, and periodic limb
movement in sleep.17

The importance of recognizing these sleep dis-
orders cannot be overemphasized. We have evaluated
hundreds of patients with DLB over the past several
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years, and we have yet to meet a single patient who
does not have one or more primary sleep disorder.
Many have three or four sleep disorders and yet none
has been diagnosed and treated. All of these sleep
disorders are treatable, and maximal improvement
in patient symptomatology tends not to happen until
all sleep disorders are adequately treated.

Autonomic features
Orthostatic hypotension, impotence, urinary incon-
tinence and constipation are common in DLB.18,19

The degree of autonomic dysfunction in DLB appears
to be intermediate between PD (relatively mild, at
least early in the illness) and multiple system atrophy
(relatively severe).20 Lewy bodies have been found in
the intermediolateral column of the spinal cord, and
in the neurons/plexi of the heart and gut, reflecting
the rather widespread nature of Lewy body pathology
in the peripheral and central nervous system.21 In fact,
there is now suspicion that the peripheral nervous
system may be affected by LBD prior to involvement
of the central nervous system (see below).22

Sensory features
The ability to recognize odors as part of formal smell
testing has not been studied in detail in DLB, but the
scant literature so far certainly suggests anosmia is
present in a significant proportion of patients.23

Other features
Fluctuations are considered a defining feature of DLB;4

this phenomenon refers to periods of time when cog-
nition and arousal are near normal, contrasting with
other periods of more marked confusion or hypersom-
nolence. This feature is purposely being considered
separately since whether fluctuations represent a
cognitive issue, a sleep issue, some other process, or a
combination of several processes, remains unclear.
Although fluctuations have been difficult to oper-
ationalize and measure, tools now exist that differen-
tiate fluctations associated with DLB from those with
other disorders.24–27 However, the methods for meas-
uring fluctuations have not made their way into
routine clinical practice.

Diagnostic criteria for Parkinson's disease
with dementia
The consensus criteria for the diagnosis of Parkinson's
disease with dementia (PDD) were recently pub-
lished.28 A hotly debated issue in the development of

these criteria was how to determine and operationalize
functional impairment due to cognitive impairment
as opposed to motor impairment. It was ultimately
decided that the wording below was most fitting,
which gives great discretion to the clinician as this
point was not operationalized.

The core clinical features for PDD include the
following:28

1. Diagnosis of PD according to Queen Square Brain
Bank criteria

2. A dementia syndrome with insidious onset and
slow progression, developing within the context of
established PD and diagnosed by history, clinical
and mental examination, defined as:
� impairment in more than one cognitive

domain
� representing a decline from premorbid level
� deficits severe enough to impair daily life

(social, occupational or personal care),
independent of the impairment ascribable to
motor or autonomic symptoms.

The terms “probable” and “possible” PDD and their
associated specific features are detailed in the paper.28

Typical clinical features of Parkinson's
disease with dementia
Almost all of the material relating to clinical features
in DLB applies similarly to PDD, and therefore this
information will not be repeated in detail here; those
aspects that differ between DLB and PDD are empha-
sized below.

Cognitive/neuropsychological features
As noted above, the lack of “Alzheimerization” in
brains of most patients with PDD likely explains the
relative preservation of anterograde memory func-
tioning and benefit from cuing on memory measures
in those with PDD compared with those with DLB.28

Otherwise, the profile of impairment in attention/
concentration, executive functioning and visuospatial
functioning is similar between PDD and DLB. The
symptoms reported by patients are also similar between
the two.

Behavioral/neuropsychiatric features
Recurrent and fully formed visual hallucinations,
delusions (often with paranoia or phantom boarder
themes), apathy, anxiety and depression are all
common in PDD.28 For reasons that are not clear,
Capgras syndrome appears to be very rare in PDD.
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Motor/extrapyramidal features
The motor features of typical PD–unilateral or
asymmetric rest tremor with a “pill-rolling” quality –
along with bradykinesia, rigidity, postural instability
and Levodopa responsiveness are typically present for
several years prior to the onset of dementia.

Sleep disorders
As in DLB, RBD tends to precede the onset of motor,
cognitive and neuropsychiatric features of PD and
PDD by many years.12,29 Hypersomnolence is also
common in PDD; in fact, the new Consensus Criteria
for PDD includes excessive day-time somnolence as
a behavioral feature of the disorder.28 Recent neuro-
pathologic analyses have revealed hypocretin cell loss
in the lateral hypothalamus in patients with PD,30,31

providing a clear mechanism of how hypersomno-
lence could be a manifestation of LBD pathology. Sleep
fragmentation, insomnia, obstructive sleep apnea,
central sleep apnea, restless legs syndrome, periodic
limb movement disorder and even overt narcolepsy
can occur in PD and PDD.17,32,33

Autonomic features
The autonomic features in PDD are similar to those
in DLB, although the severity of orthostatic hypo-
tension may be greater. Management of this feature
can also be very challenging if aggressive dosing of
Levodopa is required to minimize parkinsonism.

Sensory features
Anosmia is common in PD and in PDD.

Other features
Fluctuations in PDD have classically been considered
in the motor realm, with motor fluctuations being
very frequent and challenging to manage. Fluctu-
ations in cognition and arousal clearly occur in PDD
but have not been well studied.

Known or suspected early clinical features
in Lewy body disease
While there are certainly some differences between
patients with DLB and PDD as noted above, it is likely
that their early clinical features will be similar and
they will, therefore, be considered collectively.

Cognitive/neuropsychological features
This is the only symptom complex where data on
both DLB and PDD (at least mild cognitive impair-
ment [MCI] in PD and DLB) exist.34,35 The concept

of MCI is founded on the idea of a transitional state
between normal aging and dementia; in other words,
one does not evolve from a normal cognitive state on
one day to a demented state the next, but rather this
likely evolves over months or years. Numerous ana-
lyses have supported the concept and utility of the
MCI transitional state from normal aging to AD,36

and there are growing data supporting the same con-
cept from normal aging to MCI to DLB,34 and from
essentially normal cognition in PD to MCI in PD to
PDD.35 Virtually all of the MCI subtypes can evolve
into DLB or PDD.

Behavioral/neuropsychiatric features
It is conceivable that visual hallucinations, delusions,
depression, anxiety or apathy in the absence of other
neurologic features could be early manifestations of
LBD. Isolated visual hallucinations may be particu-
larly concerning for evolving LBD.

Motor/extrapyramidal features
Subtle parkinsonism, even when asymptomatic, is an
obvious early feature of LBD.

Sleep disorders
The occurrence of RBD in the absence of any coex-
isting neurologic symptoms is termed “idiopathic
RBD.” There now exists considerable data suggesting
that idiopathic RBD is an early feature of a synuclein-
opathy in many individuals, often manifesting years
or decades prior to the onset of cognitive or motor
changes.7,12,16,37–39 Among the synucleinopathies, since
the syndromes of PD, DLB and PDD associated with
LBD pathology are far more common than multiple
system atrophy, RBD most likely reflects evolving
LBD. Recent studies have demonstrated changes
on electroencephalography,40,41 single-photon emis-
sion computed tomography (SPECT),42–44 positron
emission tomography (PET),45 neuropsychological
testing,46 smell testing,47 color discrimination,37 cardiac
autonomic activity48 and more subtle abnormalities on
measures of autonomic, motor and gait functioning,37

also suggesting that a more widespread multisystem
neurologic disorder is present; these findings are all
suggestive of underlying LBD in most subjects with
idiopathic RBD.

Hypersomnia has recently been associated with
increased risk of PD,49 and thus also likely PDD and
possibly DLB. Whether hypersomnia is a result of
intrinsic changes in the brain such as hypocretinergic
cell loss,30,31 or is caused by one or more other
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primary sleep disorders will need to be investigated in
more detail.

Autonomic features
Erectile dysfunction, orthostatic hypotension, urinary
incontinence and constipation are common in DLB
and PDD, and are likely to reflect LBD pathology
in the interomediolateral spinal cord and peripheral
autonomic ganglia. Braak and coworkers have recently
suggested that LBD pathology begins in the peripheral
nervous system and subsequently involves the spinal
cord and brain.22 If true, one would predict that the
autonomic features of erectile dysfunction, orthostatic
hypotension, urinary incontinence and constipation
would precede the cognitive and motor features of
PD, PDD and DLB. Ancillary test findings, particu-
larly using cardiac [123I]-meta-iodobenzylguanidine
(MIBG) scintigraphy, are also supporting peripheral
autonomic nervous system involvement in LBD.50

Decreased cardiac MIBG uptake has also been found
in those with idiopathic RBD.51

Sensory features
Dysnosmia/anosmia has clearly been associated with
PD. Regardless of whether this is asymptomatic or
symptomatic, abnormalities on smell testing may be
present early in the course of PD and hence early in
PDD; whether dysnosmia occurs early in the course
of DLB has not been well studied. The underlying
substrate for dysnosmia is thought to reflect the very
early involvement of olfactory structures by LBD.52

Impaired color vision has also been identified in
early PD, and Lewy bodies may be present in the
retina in those with DLB.53

Alterations on smell and color vision testing have
also been shown in subjects with idiopathic RBD.37

Other features
Fluctuations in cognition, arousal and motor func-
tioning could theoretically be an early clinical feature
in PD, PDD and DLB, but the lack of operationaliza-
tion of the concept of “fluctuations” and lack of good
measurement tools will make this difficult to study.
Using one simple and easy-to-use tool, the frequency
of fluctuations was high in DLB, low in AD and
almost absent in cognitively normal subjects.27

Progressive supranuclear palsy
The classic presentation of PSP is the constellation
of vertical supranuclear gaze palsy, postural instability
and falls, and parkinsonism.

Diagnostic criteria
The features of the classic presentation form the core
for the National Institute of Neurological Disorders
and Stroke–Society for Progressive Supranuclear Palsy
(NINDS-SPSP) clinical criteria;54 the following features
are required for the diagnosis of probable PSP:
1. Core features:

� gradually progressive disorder
� onset at age 40 or later
� vertical supranuclear palsy and prominent

postural instability with falls in the first year of
disease onset

� no evidence of other diseases that could
explain the foregoing features, as indicated by
mandatory exclusion criteria.

2. Supportive features:
� symmetrical akinesia or rigidity, proximal

more than distal
� abnormal neck posture, especially retrocollis
� poor or absence of response of parkinsonism

to Levodopa therapy
� early dysphagia and dysarthria
� early onset of cognitive impairment including

at least two of the following: apathy,
impairment in abstract thought, decreased
verbal fluency, utilization or imitation
behavior, or frontal release signs.

3. Exclusion criteria:
� recent history of encephalitis
� alien limb syndrome, cortical sensory deficits,

focal frontal or temporoparietal atrophy
� hallucinations or delusions unrelated to

dopaminergic therapy
� cortical dementia of Alzheimer type
� prominent early cerebellar symptoms

or prominent early unexplained dysautonomia
� severe, asymmetrical parkinsonian signs
� neuroradiological evidence of relevant

structural abnormalities
� Whipple disease, confirmed by polymerase

chain reaction.

Typical clinical features
Cognitive/neuropsychological features
It should be emphasized that although PSP is typically
considered a “Parkinson-plus syndrome,” cognitive
and behavioral changes clearly occur in this disorder,
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which is reflected in the last bullet point of the
supportive criteria.

Signs and symptoms of executive dysfunction are
most prominent in PSP. Language dysfunction occurs
with some frequency as well, particularly apraxia of
speech and non-fluent aphasia.55,56 The concept of
“subcortical dementia” has been applied to those with
PSP, in which there is slowing of cognitive processing
but “cortical” signs such as amnesia and agnosia are
infrequent. Letter fluency (i.e. word generation starting
with a letter of the alphabet over a specific time
period) and cognitive flexibility tend to be particularly
impaired.57–60 Performance on theory of mind tasks
has not been well studied.

Behavioral/neuropsychiatric features
Apathy (typically without other features of depression),
compulsions/obsessions andutilization/imitationbehav-
ior are the most common behavioral and neuro-
psychiatric features. In fact, some individuals with
PSP present as FTD.61

Motor/extrapyramidal features
Some of the qualitative features of parkinsonism are
diagnostically relevant, particularly axial greater than
appendicular rigidity; tendency to walk, turn, and sit
en bloc; and marked postural instability with frequent
falls. Retrocollis occurs with some frequency. While
some patients may experience a modest benefit with
Levodopa therapy, this is typically transient; most
patients derive no benefit from this agent.

Sleep disorders
Sleep has only recently been studied in PSP. Both RBD
and hypersomnia can occur in PSP62 but are far less
frequent than in PD, PDD and DLB.7 When RBD does
occur in PSP, it tends to begin concurrently with or
after the onset of the other neurologic features.62

Autonomic features
No autonomic features have been found to be con-
sistently abnormal in PSP.

Sensory features
No sensory features have been consistently abnormal
either.

Other features
The vertical supranuclear gaze palsy is characteristic of
the disorder and is particularly specific for PSP when
downgaze is impaired. Pursuits tend to be saccadic in
the vertical and horizontal directions of gaze. A wide-
eyed stare with reduced eyeblink frequency is also

common. Other features include dysphagia, dysarthria
(typically spastic � hypokinetic) and frontal release
signs.

Known or suspected early clinical features
Far less is known about the early clinical features in
PSP, CBS/CBD and FTDP-17 compared with PDD
and DLB. Yet there are obvious features one would
suspect to be early in the course.

Cognitive/neuropsychological features
Since executive functioning and, less frequently, lan-
guage functioning are most likely impaired in PSP,
one would predict that MCI-single domain (executive
or language) or MCI-multiple domain without amnesia
(executive plus language) would be the presenting
cognitive syndromes. At the Mayo Clinic Rochester,
USA we have encountered patients, who were later
proven by autopsy to have PSP, presenting with each
of these MCI syndromes, and also one with amnestic
MCI. We have also found that among those who
present with progressive apraxia of speech and the
progressive non-fluent aphasia syndrome almost all
those subsequently studied for pathology have had
either PSP or CBD pathology.55,56

Behavioral/neuropsychiatric features
One can often elicit a history from caregivers that apathy
was a prominent early feature of the illness. Obsessions/
compulsions can be an early feature as well.63

Motor/extrapyramidal features
Parkinsonism with prominent axial rigidity, retrocol-
lis and postural instability with frequent falls would
be obvious early motor features, although this has not
been studied in great detail.

Other features
Vertical supranuclear gaze palsy and a wide-eyed stare
with reduced eyeblink frequency are obvious early
ophthalmologic features.

Corticobasal syndrome and
corticobasal degeneration
The core clinical features that have been considered
characteristic of CBD include progressive asymmetric
rigidity and apraxia, with other findings suggesting
additional cortical (e.g. alien limb phenomena, cortical
sensory loss, myoclonus, mirror movements) and basal
ganglionic (e.g. bradykinesia, dystonia, tremor) dys-
function.64–66 The asymmetry of the findings is key,
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and some patients have elements of both rigidity and
spasticity in the affected limbs.

Because of the considerable clinicopathologic
heterogeneity between those clinically and pathologic-
ally diagnosed with CBD,67,68 some have suggested
that the term corticobasal syndrome should be used
to describe the constellation of features thought to be
most characteristic of CBD.65

Diagnostic criteria for CBS
One set of proposed diagnostic criteria for the diag-
nosis of CBS is shown below.65

1. Core features:
� insidious onset and progressive course
� no identifiable cause (e.g. tumor, infarct)
� cortical dysfunction as reflected by at least one

of the following:
– focal or asymmetric ideomotor apraxia
– alien limb phenomenon
– cortical sensory loss
– visual or sensory hemineglect
– constructional apraxia
– focal or asymmetric myoclonus
– apraxia of speech/nonfluent aphasia

� extrapyramidal dysfunction as reflected by at
least one of the following:
– focal or asymmetric appendicular rigidity
lacking prominent and sustained Levodopa
response

– focal or asymmetric appendicular dystonia.
2. Supportive investigations:

� variable degrees of focal or lateralized
cognitive dysfunction, with relative
preservation of learning and memory,
on neuropsychometric testing

� focal or asymmetric atrophy on computed
tomography or magnetic resonance imaging,
typically maximal in parietofrontal cortex

� focal or asymmetric hypoperfusion on SPECT
and hypometabolism on PET, typically
maximal in parietofrontal cortex� basal
ganglia� thalamus

Typical clinical features
Cognitive/neuropsychological features
The cognitive and neuropsychological features of CBS
are highly variable: some have no significant cognitive
symptoms (other than those related to apraxia) nor

any impairment on formal neuropsychological testing,
while others have a significant dementia syndrome with
deficits in many cognitive domains. The cognitive and
neuropsychological profiles also depend on the max-
imally affected cerebral hemisphere and the degree
to which the frontal, temporal, parietal and, in some
cases, occipital lobes are involved. Yet the fronto-
subcortical and parietal neural networks are most
consistently affected and, therefore, the domains of
executive functioning, language, praxis and visuo-
spatial functioning are most frequently impaired.59,66,69

As in PSP, apraxia of speech and non-fluent aphasia
can occur.55,56,66,70

Behavioral/neuropsychiatric features
In one series of patients with CBS, 35% exhibited
prominent behavioral/neuropsychiatric features during
the course of their illness.71 Three behavioral syn-
dromes were noted: frontal-lobe syndrome, depression
and obsessive–compulsive behavior. These same behav-
ioral syndromes were noted in 22% of 36 patients with
pathologically proven CBD, with none experiencing
complex visual hallucinations.72 Thus, FTD-like fea-
tures, depression and obsessive–compulsive features
occur with some frequency in CBS/CBD, but visual
hallucinations appear to be very rare.

Motor/extrapyramidal features
The motor and extrapyramidal features in CBS tend
to dominate the clinical symptomatology, often caus-
ing considerable disability. The features are either
unilateral or markedly asymmetric, with limb brady-
kinesia, apraxia and rigidity being most consistent.
More variable degrees of myoclonus, alien limb phe-
nomenon and dystonia can occur. The features tend
to be minimally responsive or entirely unresponsive
to Levodopa.

Sleep disorders
Sleep has received very little attention in CBS.

Autonomic features
No autonomic features have been found to be con-
sistently abnormal in CBS.

Sensory features
Cortical sensory loss is relatively common in CBS;
the resulting pseudoathetosis can add to the alien
limb-like features. In very rare instances, a central
pain syndrome can evolve that is highly resistant to
pharmacotherapy.
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Other features
A vertical supranuclear gaze palsy can occur in CBS,
as can a wide-eyed stare with reduced eyeblink fre-
quency. Other features include dysphagia, dysarthria
(typically spastic� hypokinetic), postural instability
and frontal release signs. Balint's syndrome is relatively
uncommon.

Known or suspected early clinical features
Cognitive/neuropsychological features
Since executive functioning, language and visuospa-
tial functioning are the domains most frequently
affected in CBS, one would predict that MCI-single
domain (executive functioning, language or visuospa-
tial functioning) or MCI-multiple domain without
amnesia would be the presenting cognitive syn-
dromes. As noted above, almost all those presenting
with apraxia of speech and the progressive non-fluent
aphasia syndrome have had either PSP or CBD
pathology.55,56

Behavioral/neuropsychiatric features
One would predict that one or more of the features
reported in the full CBS – FTD-like features, depres-
sion, and features of obsessive–compulsive disorder –
could be the presenting behavioral/neuropsychiatric
manifestations, but so few cases have been well char-
acterized that this remains only speculative.

Motor/extrapyramidal features
Monomelic apraxia or rigidity could certainly be the
most common presenting feature in CBS.

Sensory features
Monomelic cortical sensory loss could be the present-
ing feature in some with CBS. At the Mayo Clinic,
several patients we have followed underwent carpal
tunnel release surgery for their early complaints of
hand paresthesiae (such surgery had no beneficial
effect on the paresthesiae in any patient).

Frontotemporal dementia with
parkinsonism linked to chromosome 17
The diagnosis of FTDP-17 is applied to those individ-
uals who have both FTD and/or parkinsonism plus
linkage to a genetic alteration on chromosome 17 or
an identified mutation on chromosome 17. Mutations
in either of two genes that are in close proximity to

each other on chromosome 17 have been associated
with FTDP-17: genes for microtubule-associated
protein tau (MAPT)73 and progranulin (PGRN).74

Typical clinical features
For those with FTDP-17 associated with mutations in
MAPT (abbreviated as FTDP-17MAPT) (summarized
from data and references 75 and 76), the typical age
of onset is between 30 and 60, and penetrance appears
to be close to 100%. The duration of symptoms from
onset to death is typically 3–10 years. Symptomatol-
ogy usually involves executive dysfunction and altered
personality and behavior, with aphasia and parkinson-
ism evolving in many. Memory impairment occurs
less frequently, and visuospatial impairment and
limb apraxia are quite rare. Features of motor neuron
disease are also infrequent. Tau-positive inclusions in
neurons (e.g. neurofibrillary tangles, neuronal threads,
Pick bodies) and/or glia (e.g. astrocytic plaques,
oligodendroglial coiled bodies) are always present
on histologic examination, sometimes accompanied
by argyrophilic grains.

For those with FTDP-17 associated with mutations
in PGRN (abbreviated as FTDP-17PGRN) (summar-
ized from data in references 77–86), the typical age of
onset is between 45 and 85 years, and the duration
of disease varies from 1 to 13 years. The frequency of
mutations in PGRN in FTD series is similar to that in
MAPT.80 The mode of inheritance follows an autoso-
mal dominant pattern with a high but age-dependent
penetrance (90% develop symptoms by age 70).80 The
clinical features have been more variable than in
MAPT carriers, with not only behavioral and cogni-
tive features commonly present, but also memory
impairment, limb apraxia, parkinsonism and visuo-
spatial dysfunction. CBS has also been particularly
frequent in the cases reported thus far. No PGRN
mutation carrier has been reported to date with
an amyotrophic lateral sclerosis phenotype. Upon
histologic examination, the consistent finding is
frontotemporal lobar degeneration (FTLD) with
ubiquitin-positive inclusions (FTLD-U); such inclu-
sions are often referred to as “neuronal intranuclear
inclusions”.74,78–80,82–86 Immunostaining directed
against progranulin stain normal structures and not
the ubiquitinated protein that is presumed to be
pathogenic; rather, TDP-43 was recently discovered
to be the ubiquitinated protein in FTLD-U, FTLD
with motor neuron disease and in those with clinical
amyotrophic lateral sclerosis.87
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Known or suspected early
clinical features
Since mutations inMAPT were first reported in 1998,
thereby preceding the discovery of mutations in
PGRN by 8 years, there is far more knowledge about
the early clinical features in FTDP-17MAPT than
FTDP-17PGRN. Yet the greater tendency for parietal
lobe involvement as well as parkinsonism in FTDP-17
PGRN suggests that the very early clinical features may
be slightly different between the two proteinopathies.

Cognitive/neuropsychological features
Considering that almost every conceivable cognitive
and behavioral syndrome has been associated with
mutations in MAPT and PGRN, one would predict
that any of the MCI subtypes could be manifested.
Changes on neuropsychological testing (particularly
verbal fluency and executive functioning) have been
found in asymptomatic MAPT mutation carriers,
along with changes on brain MRI and PET.88–90

Impairment in theory-of-mind tasks would certainly
be predicted as an early cognitive/neuropsychological
feature; there are no published data on this line of
research yet, but this is ripe for further study.

Behavioral/neuropsychiatric features
There is a large body of evidence that changes in
insight, motivation, social cognition (with resulting
disinhibition and loss of empathy/sympathy), sense of
morality, food preferences, artistic appreciation and
expression, religious affiliation and other behavioral/
neuropsychiatric aspects of human existence are affected
in FTD.91–96 Changes on the Neuropsychiatric Inven-
tory (NPI) are also well known in early FTD. There are
remarkably few published data on these critical issues in
early FTDP-17, and one would predict that changes in
behavior may precede the expression of overt cognitive
impairment in many individuals with mutations in
MAPT and PGRN. Longitudinal clinical, behavioral/
neuropsychiatric and neuroimaging studies in asymp-
tomatic MAPT and PGRN carriers may provide key
insights into the earliest changes in FTD as well as allow
elucidation of important brain–behavior relationships.

Motor/extrapyramidal features
Among the mutations in MAPT, the N279K mutant
is associated with pallido-ponto-nigral degeneration
(PPND), and particularly with parkinsonism, and the
motor features tend to overshadow the other features
among affected relatives. While asymptomatic parkin-
sonism has not been appreciated in genealogically

at-risk members of a PPND-affected family, myoclonus
has.97 Dystonia is common in this family as well. In
most other mutations in MAPT, parkinsonism tends
to evolve later in the course if at all (an example of
longitudinal evolution of parkinsonism in FTDP-17
associated with the MAPT mutation leading to S305N
is shown by Boeve et al.98).

Parkinsonism clearly occurs in some affected indi-
viduals with PGRN mutations, but it is too early to
discern if parkinsonism is a prominent early feature
associated with specific mutations.

Sleep disorders
The only analyses of sleep published so far in FTDP-
17 involved members of the PPND family,97,99 in
which non-REM sleep initiation and maintenance
were disrupted in all affected subjects. Severe insom-
nia was noted in two with the most advanced dis-
order. Poor sleep efficiency was observed in one
subject, who later became symptomatic. Periodic leg
movements were increased in three affected subjects.
There was no evidence of REM sleep without atonia
or RBD, nor any evidence of excessive day-time som-
nolence. Based on these findings, one could predict
that changes in sleep efficiency/maintenance may
occur in FTDP-17, but the specificity for this finding
in genealogically at-risk individuals remains to be
seen. Day-time hypersomnolence and RBD may be
very infrequent in the N279K mutant. Additional
poly-somnography and multiple sleep latency testing
data are needed in other kindreds with MAPT muta-
tions to determine the generalizability of these find-
ings. Sleep studies in FTDP-17 associated with PGRN
mutations have yet to be done.

Autonomic features
Among families with FTDP-17, autonomic function-
ing has only been studied in the PPND kindred.97,100

Symptoms included hyperhidrosis, sialorrhea, urinary
frequency or incontinence, thermal intolerance, male
sexual dysfunction, lacrimation and dryness of the
eyes or mouth. None had orthostatic hypotension.
Autonomic testing revealed mild to moderate abnor-
malities in all five affected subjects and minor
abnormalities in three asymptomatic at-risk subjects.
Findings in affected subjects consisted of preganglio-
nic sudomotor dysfunction in all five, impaired car-
diovagal function in three and reduced or absent
pupillary near responses in four. Tests of adrenergic
function were normal in all subjects. These findings
suggest dysfunction in the central autonomic network.
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Autonomic studies in FTDP-17 associated with PGRN
mutations have yet to be done.

Sensory features
Again, only the PPND family has been well studied,
and there was no electrophysiologic evidence of per-
ipheral nerve involvement or slowing in central sens-
ory pathways.101

Summary
There is clearly more work needed to further charac-
terize the early features of the parkinsonian dementias.
A comprehensive approach similar to that of Wszolek
and colleagues101 have performed in the large PPND
kindred would be wise in asymptomatic genealogically
at-risk individuals with various mutations, particularly
if studies are performed longitudinally. The sleep,
smell and autonomic changes in evolving LBD likely
precede the changes in cognitive and motor function-
ing. The rarity and difficulties with early diagnosis in
PSP and CBS will make characterization of the early
features of these disorders challenging.
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Chapter

16 Dementia treatment

Bradley F. Boeve and Adam L. Boxer

Introduction
There is reason for optimism about future treatment
of the most common causes of dementia. Advances in
understanding the molecular pathologies that under-
lie the most common causes of neurodegenerative
dementia are rapidly being translated into new treat-
ments. At the same time, basic investigations into the
neurophysiology of synaptic transmission, neuronal
growth, development and survival have identified new
receptors, genes and intracellular second messenger
cascades that may serve as targets for new treatments
for dementia. Whereas most currently approved
medications that are used to treat dementia are effect-
ive only in ameliorating the symptoms of disease, in
the near future, medications that modify the course
of the disease by protecting the brain from dementia-
related pathology may be available. New diagnostic
tests will also help to identify accurately who is likely
to benefit from such treatment and monitor their
treatment response. This chapter will review the cur-
rently available treatments for the most common
forms of dementia, focusing on clinical syndromes
that are readily identifiable by practicing clinicians,
as well as new treatments that are currently under
investigation or new avenues for treatment suggested
by recent advances in understanding the molecular
pathologies of these disorders.

Background
Alzheimer's disease (AD) is the most common cause of
dementia. Multi-infarct dementia, classically thought
to be the second-most common untreatable cause,
is now considered within the spectrum of vascular
dementia; this category also includes Binswanger's dis-
ease and cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy

(CADASIL). The prevalence of vascular dementia has
been debated, and recent studies have suggested that
pure vascular dementia probably accounts for fewer
than 20% of those with dementia. With the application
of immunocytochemical techniques in neuropatho-
logical examinations since the early 1990s, new cat-
egories of illnesses have emerged. Dementia with
Lewy bodies (DLB) is now considered the second-most
common irreversible cause of dementia, accounting
for approximately 15% to 25% of cases. Its relationship
to Parkinson's disease (PD) – another disorder with
Lewy bodies – is still evolving. Because a-synuclein is a
constituent of Lewy bodies and Lewy neurites and
mutations in the gene for a-synuclein (SNCA) are asso-
ciated with Lewy body parkinsonism, DLB and PD
are considered “synucleinopathies.” However, recent
neuropathological data,1 as well as neuroimaging
data using positron emission tomography (PET) with
amyloid-sensitive agents,2 suggests that many individ-
uals with DLB also have considerable AD pathology.
This raises the possibility that new AD treatments
directed at amyloid accumulation may also be
effective for treating DLB.

Frontotemporal dementia (FTD) is a clinical syn-
drome manifested by behavioral/dysexecutive changes
or progressive aphasia (or both). The most common
neuropathological substrates for FTD include Pick's
disease, corticobasal degeneration (CBD), or fronto-
temporal lobar degeneration (FTLD) with ubiquitin-
positive inclusions (FTLD-U), which most frequently
occurs in individuals with overlapping motor neuron
disease pathology. Less common substrates are AD and
progressive supranuclear palsy (PSP) and dementia
lacking distinctive histology (DLDH). This category
of disorders accounts for approximately 10% to 15%
of cases of untreatable dementia. Both CBD and PSP
are classically considered Parkinson-plus syndromes,
but these disorders can present clinically as behav-
ioral/dysexecutive changes or progressive aphasia.
Abnormal accumulations of hyperphosphorylated tau
in neurons or glia is characteristic of Pick's disease,
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CBD and PSP, and mutations in the gene for
microtubule-associated protein tau (MAPT) are asso-
ciated with dementia or parkinsonism. Historically,
these disorders and AD have been considered “tauo-
pathies;” however, the recognition that FTLD-U is at
least as common as tau deposition in many cases of
FTLD, and that the chief protein constituent of these
deposits is not tau but another protein called TAR
DNA-binding protein (TDP-43),3 suggests that this
may no longer be appropriate. Creutzfeldt–Jacob dis-
ease (CJD), Gerstmann–Strausser–Schenker disease
(GSS) and fatal familial insomnia (FFI) are rare; how-
ever, because prion protein dysfunction is common
to them all, they can be considered “prionopathies.”

The nomenclature for the vascular and non-
Alzheimer dementing illnesses is confusing. Most
of the literature includes terms for clinical syndromes
(e.g. FTD, primary progressive aphasia [PPA] and so
forth) as well as ones for presumably distinct histo-
pathological disorders (e.g. DLDH and Pick's disease).
Importantly, each syndrome is associated with a spec-
trum of histopathologically defined disorders, and
each disorder can be manifested clinically as various
syndromes. Although histopathological examination
is required to establish a specific diagnosis in the
vascular and degenerative dementing illnesses, several
sets of clinical diagnostic criteria have been proposed,
although none is entirely accurate. Because no cur-
rently available therapy targets any of the pathophy-
siological processes of these disorders, up to this point
errors in the diagnosis of specific diseases generally
do not affect management.

However, determining the neurochemical alter-
ations or topographic distribution of brain dysfunction
can influence management and prognosis. Many
signs and symptoms are associated with known or
presumed neurochemical alterations (e.g. impaired
memory is associated with acetylcholine deficiency;
psychomotor slowing and bradykinesia are associated
with dopamine deficiency; and hallucinations and
delusions are associated with dopamine excess) or
with dysfunction in certain neuroanatomical regions
(e.g. amnesia is associated with mesial temporal,
midline diencephalic or basal forebrain dysfunction;
non-fluent aphasia is associated with dominant
hemisphere frontal opercular or insular dysfunction;
and visuospatial dysfunction is associated with non-
dominant parietal, with or without occipital, dysfunc-
tion). Symptomatic therapy involving agents that
target such signs and symptoms can improve daily
functioning, and this continues to be the mainstay of

treatment for management of vascular and degenera-
tive disorders.

As new therapies are developed that target specific
dementia pathophysiological processes, it will become
increasingly important to establish the underlying
disorder. In addition, emerging evidence suggests that
different symptomatic therapies, as well as the side-
effects of other types of medication, may have benefi-
cial or deleterious effects, depending on the underlying
disease pathology. Finally, an appreciation of ontogeny
of different dementia may be helpful in deciding
when to initiate or withdraw specific therapy.

Alzheimer's disease and variants
Alzheimer-type dementia
Background
It is important to distinguish between the syndrome
of Alzheimer-type dementia and the disorder of AD.
The typical evolution of AD evolves through the
syndrome of amnestic mild cognitive impairment
(aMCI) and subsequently develops into a cortical
Alzheimer-type dementia with dysfunction in lan-
guage, visuospatial, gnosis and executive functioning.
While anterograde memory dysfunction tends to
involve both verbal and non-verbal stimuli, some
patients present with far greater verbal or visual
memory deficits.

Diagnosis
Several biomarkers are being analyzed to determine
their sensitivity and specificity for underlying AD in
the Alzheimer-type dementia syndrome, with imaging
using labeled ligands for amyloid (magnetic resonance
imaging [MRI] and PET) showing the most promise.4

These agents may be able to detect presymptomatic
AD pathology, leading to the possibility of AD pre-
vention.5–7 Blood or cerebrospinal fluid (CSF) tests
that incorporate new proteomic technology also show
promise for early detection and differential diagnosis
of AD from other dementias.8–10

Management
The pharmacological management of AD is focused on
removing medications with potential to further impair
cognitive function, and adding medications that ameli-
orate or stabilize cognitive dysfunction. Common
medications that may further impair cognition in
AD are those which directly interfere with cholinergic
neurotransmission, such as first-generation urinary
incontinence medications (oxybutynin, tolterodine),
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benzodiazipines, first-generation antihistamines (e.g.
diphenhydramine) and certain antipsychotic drugs.
Acetylcholinesterase inhibitors (donepezil, galanta-
mine and rivastigmine) as well as the N-methyl-
D-aspartate (NMDA) receptor antagonist memantine,
alone or combination, are of modest benefit in stabil-
izing cognitive and behavioral decline. In a minority
of patients, psychiatric symptoms, such as depression,
anxiety and delusions may be prominent at the time
of diagnosis. More frequently, agitated behavior,
delusions and hallucinations occur in later stages of
disease. Management of specific problem behaviors is
reviewed at the end of the chapter.

Although none of the current medications ap-
proved by the US Food and Drug Administration
(FDA) have any effects on modifying the underlying
pathology that causes AD, a number of late-stage
clinical trials are in progress or have recently been
completed using a variety of approaches to clear
b-amyloid from the brain or prevent its build up.
One method for clearing AD from the brain involves
generating an active central nervous system (CNS)
immune response with a b-amyloid vaccine or infus-
ing monoclonal antibodies or intravenous immuno-
globulin, which may directly clear b-amyloid or
generate a peripheral amyloid “sink.”11 Although
one such amyloid vaccine study was halted owing to
a high incidence of encephalitis,12 subsequent clinical
and neuropathological analyses showed some evidence
of efficacy in those individuals who were able to mount
an effective immune response.13–15 Other approaches
to interfering with b-amyloid toxicity include aggre-
gation inhibitors,16 or inhibition/modulation of the
gamma secretase enzymes that help to generate
b-amyloid.17,18 An exciting possibility is that a com-
bination of preclinical detection of AD pathology in
normal elderly or individuals with MCI, using amy-
loid imaging or other new techniques, plus initiating
an anti-amyloid agent could sufficiently slow or
prevent the onset of clinical AD as well as other
dementias.

Amnestic mild cognitive impairment
Background
Patients with prominent forgetfulness but not frank
dementia that has evolved insidiously and progres-
sively worsened very likely have dysfunction in one
or both mesial temporal lobes, and such patients
often have features in keeping with the syndrome of
aMCI. While most individuals with aMCI likely have

evolving AD, argyrophilic grains and neurofibrillary
tangles restricted in the mesial temporal lobes have
been identified in such patients who have later under-
gone autopsy.19 Pick's disease, FTLD-U, DLDH and
CBD can rarely present with severe anterograde
amnesia.20

Management
Several therapeutic trials have demonstrated that cho-
linesterase inhibitors fail to delay or prevent progres-
sion to dementia over long-term follow-up.21,22

However, in one study there was a significant effect
of donepezil treatment on conversion to dementia in
carriers of the e4 allele of the gene APOE, encoding
apolipoprotein E, at 12 months.21

Posterior cortical atrophy, progressive
visuoperceptual syndrome, progressive
posterior cortical syndrome, progressive
simultanagnosia and Balint syndrome
Background
Visual agnosia is related to dysfunction in the ventral,
or “What,” pathway of complex visual processing.
All or parts of Balint syndrome correspond to dys-
function in the dorsal, or “Where,” pathway. Overt
visuoperceptual deficits are associated with abnormal-
ities in the primary visual cortex or visual association
cortex. Patients with simultanagnosia (the inability to
grasp the gestalt of a visual image) or Balint syndrome
(simultanagnosia, optic ataxia and ocular apraxia)
often present to ophthalmologists complaining of
blurred vision, poor depth perception, inability to
follow lines while reading and so forth.23 Those with
frank visuoperceptual problems can experience
micropsia (images appear smaller than they actually
are), macropsia (images appear larger than they actu-
ally are), metmorphopsia (images appear to change
shape or texture), illusions (objects appear to be
images different from the actual objects, e.g. perceiv-
ing a chair to be an animal) and hallucinations. Occa-
sionally, delusional overtones develop and a person's
own reflection in a mirror may be interpreted as an
intruder in the house, or Capgras syndrome evolves
(believing a person has been replaced by an identical-
appearing impostor). Visual field defects or cortical
blindness develops in some patients. Several terms have
been used to describe these conditions, including poste-
rior cortical atrophy (PCA), progressive visuoperceptual

Chapter 16: Dementia treatment

215



syndrome, progressive posterior cortical syndrome,
progressive posterior cortical dysfunction, progressive
simultanagnosia/Balint syndrome and visual variant
of AD.24,25 In typical AD, the neuritic plaques and
neurofibrillary tangles are rarely most dense in the
posterior cerebrum, but in patients with PCA, AD has
been the most frequently identified histopathologic
process. There are also reports of AD with Lewy body
disease (LBD), non-specific histopathology, progres-
sive subcortical gliosis, CBD, FFI and CJD.24–29

Diagnosis
Patients tend to be female, symptom onset is typically
early and the course is very slowly progressive. Des-
pite the prominent parieto-occipital pathology in
those with PCA, visual hallucinations are rare.30,31

Management
Except for atypical neuroleptic drugs to manage
hallucinations and delusions and antidepressant
agents to treat depression (which is common in this
syndrome because insight is often preserved),32,33 no
therapy has been shown to improve any of the fea-
tures. Some place colored marks on kitchen and other
items to help them to orient where to place their
thumb and fingers so that they can hold and use
objects correctly (e.g. telephone). Clinical experience
indicates that some patients benefit from symptom-
atic therapy using cholinesterase inhibitors or mem-
antine. Motor vehicle accidents and injuries relating
to simply walking in public (and being struck by cars
that are not seen) can be avoided by identifying this
syndrome early and avoiding driving and walking
alone in public.

Dementia with Lewy bodies and
Parkinson's disease with dementia
Background
Several terms have been used to describe the condi-
tion of patients with known or suspected Lewy
body lesions, including Lewy body disease, Lewy body
dementia, the Lewy body variant of AD, diffuse
Lewy body disease, cortical Lewy body disease, and
senile dementia of the Lewy type. The Consortium on
Dementia With Lewy Bodies developed consensus
criteria for the clinical and neuropathological diag-
noses of what is now termed dementia with Lewy
bodies.34 On the basis primarily of cases in hospital-
and referral-based samples, the frequency of DLB
is approximately 15–25% of those with irreversible

dementia. There is growing evidence that the cognitive
and neuropsychiatric manifestations of PDwith demen-
tia (PDD) are related to cortical Lewy bodies.35,36 Yet
there is considerable debate regarding whether DLB
and PDD should be considered as separate entities or
variants of the same disease, differing primarily in the
timing of when dementia and parkinsonism manifest.
Since some recent clinical trials have enrolled DLB
and PDD patients separately, DLB and PDD will be
discussed separately where appropriate, although
readers should consider DLB and PDD similar for
purposes of management.37

Diagnosis
The criteria for the clinical diagnosis of DLB
according to the Consortium on Dementia With
Lewy Bodies were published originally in 1996,38

minimally refined in 199939 and significantly revised
in 2005.1 Increasingly, data indicate that the neuro-
psychological pattern of impairment – poor verbal
fluency, attention–concentration and visuospatial
functioning – is distinct and different from that of
AD, in which impairment is usually maximal in learn-
ing and memory and confrontational naming early in
the course of the disease.40,41 Rapid eye movement
(REM) sleep-behavior disorder RBD (a parasomnia in
which patients seemingly act out their dreams) has
been associated with DLB, and the features of RBD
can precede the development of dementia or parkin-
sonism (or both) by years or even decades.42–47

Depression appears to be relatively common in DLB.
Many patients have more of a postural than a rest
tremor, and the parkinsonism can be more symmet-
rical than that typical of early PD. There appears to be
less hippocampal atrophy on MRI scans in DLB than
in AD and vascular dementia.48 Other good sources
regarding diagnosis and management can be found
in references Boeve47 and Burton et al.49

Management
Although limbic and neocortical neuronal loss occurs
in DLB, the severity appears to be less than that in
AD, FTD and other dementias.50,51 Also, depletion of
the cholinergic basal forebrain – classically viewed as
characteristic of AD – is often even more profound in
DLB.36,50 Dopamine and serotonin depletion are also
common in DLB. Thus, the marked neurotransmitter
deficiencies but better preservation of viable neurons
suggests that medical therapy may be as or more
effective in DLB than in most other dementing
disorders.
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One approach that has proven useful in the
management of DLB is to consider five principal
aspects of symptomatology: cognitive impairment,
neuropsychiatric issues, motor dysfunction, sleep
disorders and autonomic dysfunction.47 Several case
series, open label studies and a few randomized clin-
ical trials have shown that many medications can
improve symptoms in one or more of these areas
(Table 16.1). Improvement has been reported in cog-
nitive functioning and neuropsychiatric symptoms
of patients with DLB treated with any of the cholines-
terase inhibitors, including tacrine, donepezil, rivas-
tigmine, and galantamine.48,52–57,59–62,73 What these
large clinical studies do not elaborate on is the
striking improvement that some patients with DLB
experience (as exemplified in case 4–2 in Boeve47).
In fact, any patient who appears to have probable
AD but dramatically improves with a cholinesterase
inhibitor must be considered to possibly harbor coex-
isting LBD. Rivastigmine has demonstrated efficacy
and safety in DLB in randomized clinical trials,58,62

but it is not yet clear if any of the cholinesterase
inhibitors are superior to the others. A recent, pre-
liminary study suggests that cholinesterase inhibitors
may influence b-amyloid deposition in DLB, raising
the possibility of some componenet of neuroprotec-
tion afforded by these agents.74 Some individuals with
advanced disease benefit from high-dose cholinesterase
inhibitors, and for those who do not, a slow with-
drawal of cholinesterase inhibitor is well tolerated75

Carbidopa/levodopa treatment has no adverse effects
on cognition and may help to improve neuropsychia-
tric status in DLB.76 Psychostimulants, and dopamine
agonists, can theoretically improve cognition, apathy
and psychomotor slowing, but no controlled studies
have been published to date demonstrating efficacy of
these agents. For reasons that are not clear, increased
parkinsonism occurs infrequently with the cholines-
terase inhibitors.77 Acute worsening of neuropsychia-
tric symptoms has been reported after switching from
donepezil to galantamine.78

Clinical experience has shown some patients
with DLB do benefit from memantine, but visual
hallucinations, gait impairment and worsened cogni-
tion can occur; these typically resolve upon discon-
tinuation of the drug.79,80 The underlying cause for
fluctuations in DLB is poorly understood, but this
feature can improve with cholinesterase inhibitor
therapy or, in some cases, following treatment of sleep
disorders. Based on available data, clinicians should
consider prescribing one of cholinesterase inhibitors

to patients withDLBwho do not have a contraindication
to its use.

Neuroleptic sensitivity, in which striking and
irreversible parkinsonism can evolve shortly after
use of neuroleptic drugs, has led to the strong recom-
mendation that conventional neuroleptic drugs
should be avoided in patients with DLB.81 Neuro-
leptic sensitivity has been reported even with newer
atypical neuroleptic agents. There are conflicting
data on olanzapine in DLB67,68 and more consistent
data on quetiapine69,70,82 (Tables 16.1 and 16.2). Since
many of the newer atypical neuroleptic drugs have
shown efficacy in PD patients with psychosis (see
below), agents such as clozapine, quetiapine and olan-
zapine may be most appropriate; there is insufficient
evidence on the efficacy of ziprasidone and aripipra-
zole in DLB or PDD.

The selective serotonin-reuptake inhibitors (SSRIs)
are usually effective and well tolerated in patients
with DLB for managing depression with or without
anxiety. Owing to the anticholinergic properties
of the tricyclic antidepressants, these agents should
generally be avoided in DLB. Paroxetine also has
anticholinergic effects and should be used cautiously
in DLB. Electroconvulsive therapy can be effective for
depression in some patients without significantly
worsening cognition.141

Carbidopa/levodopa can be used in the manage-
ment of parkinsonism, but this can exacerbate psych-
otic symptoms or orthostatism. In recent open-label
studies, levodopa was generally well tolerated and was
shown to improve motor functioning in a proportion
of patients.71,72 Orthostatic hypotension, likely caused
by degenerative changes in the intermediolateral cell
column of the spinal cord and peripheral autonomic
system, can occur in DLB.142–144 As in PD, manage-
ment includes liberalizing salt in the diet, salt tablets,
thigh-high compression stockings, fludrocortisone
and midodrine.

Violent dreams and dream enactment behavior as
part of RBD, which often precedes or accompanies
dementia or parkinsonism in Lewy body-associated
disorders, typically improve with clonazepam or mel-
atonin therapy.43,44,145–147 There are anecdotal reports
that modafinil or methylphenidate improves hyper-
somnia in patients with DLB.

In summary, patients with DLB who have pro-
nounced parkinsonism, psychosis and orthostatism are
quite challenging to manage, but some clearly benefit
from optimizing dosing of a cholinesterase inhibitor,
carbidopa/levodopa and an atypical neuroleptic drug,
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Table 16.1. Summary of published case series, open-label trials and randomized clinical trials in patients with dementia with Lewy bodies

Study No. Study
type

Study
duration

Main findings

Cholinesterase inhibitors for management of cognitive impairment and neuropsychiatric features

Tacrine

Lebert et al. (1998)52 19 OL 14 wks Improvement in COG

Querfurth et al. (2000)53 6 OL 24 wks Improvement in COG; worse EPS in some

Donepezil

Shea et al. (1998)54 9 CS 12–24 wks Improvement in COG and NP; worse EPS in 3 (33%)

Lanctot and Herrmann (2000)55 7 CS 24 wks Improvement in COG and NP

Samuel et al. (2000)56 4 OL 26 wks Improvement in COG and NP

Minett et al. (2003)57 8 OL 20 wks; 6
wk
withdrawal

Improvement in COG and NP and no worsening of EPS; marked
clinical worsening upon withdrawals of drug in most

Rivastigmine

McKeith et al. (2000)58 11 OL 12 wks Improvement in COG and NP

McKeith et al. (2000)58 120a RCT 20 wks Improvement in COG and NP

Grace et al. (2000)59 6 OL 12 wks Improvement in COG and NP

Grace et al. (2001)60 29 OL 96 wks Improvement in COG and NP

Maclean et al. (2001)61 8 CS 24 wks Improvement in COG and NP and sleep parameters

Wesnes et al. (2002)62 120a RCT 20 wks Improvement in COG on computerized cognitive measures

Thomas et al. (2005)63 30 OL 20 wks Improvement in COG and NP; no worsening of EPS

Rowan et al. (2007)64 22 OL 20 wks Improvement in attention and reaction time

Galantamine

Edwards et al. (2004)65 25 OL 24 wks Improvement in COG and NP inmany; no significant worsening in EPS

Edwards et al. (2007)66 50 OL 24 wks Improvement in COG and NP inmany; no significant worsening in EPS

Atypical neuroleptics for management of neuropsychiatric features

Olanzapine

Walker et al. (1999)67 8 OL 2 wks Improvement in NP in 2 (25%); AEs leading to withdrawals in 3 (38%)

Cummings et al. (2002)68 27a RCT 6 wks Improvement in NP without worsening in COG or EPS

Quetiapine

Fernandez et al. (2002)69 11 RetCR n/a Improvement in NP in 10 (90%); worsened EPS in 3 (27%)

Takahashi et al. (2003)70 9 OL 8 wks Improvement in NP in 5 (55%); AEs leading to withdrawals in 3 (33%)

Agents for management of parkinsonism

Levodopa

Bonelli et al. (2004)71 20 OL LDTb 15 (75%) had� 10% improvement in motor score in LDT

Molloy et al. (2005)72 14 OL LDTb 5 (36%) had significant improvement in motor score in LDT

Agents for management of REM sleep-behavior disorder

Melatonin

Boeve et al. (2003)46 7 OL 9þ months Improvement in REM sleep-behavior disorder in 5 (71%); 2 were also
treated with clonazepam

Notes:
AEs, adverse events; COG, cognition; CS, case series; EPS, extrapyramidal signs; LDT, levodopa test; NP, neuropsychiatric features; OL, open label
trial; RetCR, retrospective chart review; RCT, randomized clinical trial.
aApproximately half of subjects treated with active drug.
bClinical ratings performed in the fasting state in the morning as part of the levodopa test (LDT); n/a, not available.
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and with treatment of orthostatism.39,47,148 Specific
treatment suggestions for the varying features in
DLB are shown in the section on management of
target symptoms.

Parkinson disease with dementia
and/or psychosis
Background
Some degree of cognitive impairment exists in most
individuals with PD, but when mild and early in the
illness, this is usually not functionally disabling. How-
ever, approximately 80% of patients with PD develop
dementia within 8 years,149 and these cognitive and
neuropsychiatric features are disturbing to patients as
well as their caregivers.135 “Psychosis” in patients with
PD is typically considered related to levodopa ther-
apy, although some with PD, regardless of whether
they have dementia or not, experience hallucinations
and/or delusions. As noted above, the distribution of
Lewy body and Lewy neurite pathology and neuro-
chemical alterations in DLB are very similar to those
in PDD, and it, therefore, stands to reason why man-
agement is similar regardless of the clinical diagnosis.150

Diagnosis
Despite the wide acceptance that dementia often
evolves in PD, there are no established criteria for the
diagnosis of PDD. Since the diagnosis of DLB has been
considered applicable to patients who develop demen-
tia no more than 1 year after the onset of parkinsonism,
by default, one could view the diagnosis of PDD as
appropriate for those who develop dementia at least
1 year after the onset of parkinsonism.1

Management
Table 16.2 summarizes pertinent data regarding
those studies involving patients with PD and cogni-
tive impairment/dementia and/or psychosis. Choli-
nesterase inhibitors have been shown to improve
cognition and neuropsychiatric features in PD
patients.57,83–93,149,151,152 As in DLB, some patients with
PDD will experience dramatic improvement in cogni-
tion and neuropsychiatric features, although this is not
common. Individuals with visual hallucinations show
the largest responses to cholinesterase inhibitors.153

Beneficial effects of cholinesterase inhibitors may be
present even after 48months of treatment.154 The largest
randomized clinical trial involved rivastigmine, but as
with DLB, it is not yet known if one cholinesterase
inhibitor is superior to any of the others. Smaller studies
have been carried out with donepezil.89 Similar efficacy

was seen in a head-to-head comparison of donepezil and
rivastigmine for DLB/PDD.63 Typical side-effects
include nausea, vomiting and diarrhea. Worsening of
parkinsonism occurs in a small minority of patients
treated. Studies with relatively few patients have shown
improvement with memantine therapy for parkinson-
ism in those with PD. The neuropsychiatric features of
PD (with or without dementia), particularly visual
hallucinations and delusions, can also improve with
treatment with clozapine, quetiapine, risperidone,
olanzapine, or aripiprizole.69,95–134,136–138,140,155–158

The atypical neuroleptics in the management of
problematic neuropsychiatric features, particularly
hallucinations and delusions, deserve further com-
ment. As shown in Table 16.2, there are considerable
data demonstrating efficacy for clozapine and quetia-
pine, and exacerbation of parkinsonism is rare and
only mild when associated with either of these agents.
Efficacy with risperidone and olanzapine has also
been shown, but worsening of parkinsonism occurs
with some frequency and can be quite severe in some
patients. There are too few data to know how effective
and tolerable aripiprazole is yet. While leukopenia is
rare with clozapine, the need for frequent laboratory
monitoring makes it unappealing for many patients.
Therefore, based on the available data, treatment of
psychosis with quetiapine is a reasonable choice; if
dementia is also present, treatment with a cholinester-
ase inhibitor with or without quetiapine may be best.

Parkinsonism usually responds well to levodopa
therapy.71,72 Hallucinations and delusions occur fre-
quently with the dopamine agonists, particularly in
the setting of coexisting dementia, thus limiting their
use in patients with PD plus dementia and/or psych-
osis. Tremor and dyskinesias can be ameliorated
by clozapine.107,111,119 Management of depression,
autonomic dysfunction and sleep disorders is similar
to that in DLB.

Diagnosis and management
of vascular dementia
Background
Vascular dementia is an enigmatic area in dementia
care and research. Although it is clear that infarcts
in important structures such as the thalamus and
various cortical regions can cause cognitive impair-
ment, and impairment in the various cognitive
domains correlates with the topographic distribution
of infarcts, there are several lingering uncertainties.

Chapter 16: Dementia treatment

223



Does the presence of two or more infarcts constitute
vascular dementia if the course of cognitive decline
has been progressive rather than stepwise? If leukoar-
iosis is so common in the cognitively normal elderly,
how does one interpret white matter abnormalities
on MRI in patients with cognitive impairment? How
does one interpret severe leukoariosis in patients who
have no history of any vascular risk factor such as
hypertension or diabetes mellitus? How are clinicians
expected to diagnose vascular dementia if there is so
much debate about what does and what does not
constitute vascular dementia pathologically? These
and many other questions must be answered to
improve our understanding of the contribution of
cerebrovascular disease-associated dementia and
ultimately to develop treatments more effectively.

Diagnosis
All clinical schemes have limited sensitivity, owing,
in part, to the considerable variability of infarct
types, sizes, locations and presumed pathophysiology.
Although the Hachinski Ischemic Scale was developed
(in 1975) long before the others, it was shown recently
to have the highest sensitivity.159 The new term “sub-
cortical ischemic vascular dementia” appears less
heterogeneous, with the cognitive and behavioral
features largely stemming from frontosubcortical
neural network dysfunction.160 This more consistent
phenotype may facilitate the elucidation of which
agents provide any benefit in the setting of cognitive
impairment/dementia associated with subcortical
cerebrovascular disease.

Management
Management can be divided into strategies for
decreasing the risk of subsequent cerebrovascular dis-
ease, improving or stabilizing cognition once vascular
dementia is present, and managing target symptoms.
Hypertension, hyperlipidemia and diabetes mellitus
should be optimally treated to minimize the risk of
cerebrovascular events, and there is growing evidence
that lowering blood pressure reduces the risk of
dementia.161–164 Patients with atrial fibrillation, con-
gestive heart disease, patent foramen ovale, thoracic
aortic debris or other risk factors should be given
appropriate stroke prophylaxis. Tobacco use should
be discouraged. Several randomized, double-blind,
placebo-controlled trials have been completed in vas-
cular dementia, with variable efficacy but usually
good tolerability (Table 16.3).160,165–192 The cholines-
terase inhibitors have consistently shown mild

improvement in cognition and/or functional activities
and neuropsychiatric features with minimal adverse
effects of treatment.197 Memantine and ginkgo biloba
have also shown modest efficacy with tolerable side-
effects. Hydergine has also been efficacious, but
the studies involving hydergine included subjects
diagnosed with cerebral insufficiency and other dis-
orders that would not be considered compatible with
current criteria for vascular dementia.179,193 As yet
there is sufficient evidence to consider hydergine for
vascular dementia, and randomized clinical trials
using current criteria are warranted. Most of the other
agents tested have not been efficacious, or are being
tested in larger randomized clinical trials. The more
variable issue is whether any of these in isolation or
in combination produce clinically significant effects
in individual patients. Clinicians can also consider
therapy for management of target symptoms.

Frontotemporal lobar degeneration
Clinically, FTLD presents either with changes in
personality, behavioral problems and/or executive
impairment or as PPA. The behavioral–dysexecutive
presentation of FTD is often referred to as “frontal
variant” FTD (fvFTD). The PPA associated with FTD
pathology may be further subdivided into a fluent
aphasia and a non-fluent aphasia. The fluent PPA
has been referred to as semantic dementia (SD),
reflecting a primary loss of knowledge about the
world as the etiology of the aphasia, or as “temporal
variant” FTD, reflecting the prominent anterior tem-
poral lobe atrophy associated with this clinical FTD
subtype. The non-fluent aphasia has been termed
progressive non-fluent aphasia (PNFA).198

Several disorders can present with features of
FTLD, especially disorders with tau-positive inclu-
sions (e.g. Pick's disease, CBD, PSP, agyrophilic grain
disease and FTDP-17), ubiquitin-positive inclusions
(e.g. FTLD-U), non-specific histopathological features
(e.g. DLDH, hippocampal sclerosis) and other rare
conditions (e.g. neurofilament inclusion body disease
or neuronal intermediate filament inclusion disease).
Tau-positive inclusions are found most commonly
in FTD and PNFA, whereas ubiquitin-positive inclu-
sions are more common in SD.199,200 The primary
protein constituent of FTLD-U inclusions was recently
identified to be TDP-43.201 A family history positive
for dementia, parkinsonism or motor neuron disease
can often be elicited, and parkinsonism or motor
neuron disease can develop in patients with FTD.
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Since the discovery of several mutations in MAPT
in kindreds with FTD and/or FTDP-17, over 30 muta-
tions have been identified.202 All autopsied cases have
had tau-positive neuronal and/or glial pathology,
but the topography and qualitative features of the
tau inclusions have been highly variable. Mutations
in MAPT have also been found in individuals without
a family history of any neurodegenerative disorder
(i.e. genetic mosaicism); therefore, a genetically medi-
ated disorder should be considered in anyone with
early-onset FTD regardless of family history. Several
kindreds with familial FTD have been linked to
chromosome 17, chromosome 9203,204 and chromo-
some 3.205 Numerous other kindreds with autosomal
dominant FTD do not have tau mutations.

An important cause of FTD in kindreds linked to
chromosome 17 without mutations affecting tau are
loss-of-function mutations within the gene for pro-
granulin (PGRN), leading to haplo-insufficiency.40,206

These patients may clinically resemble either fvFTD,207

FTD with parkinsonism208 or PPA.209–211 All of these
individuals show ubiquitin-positive neuronal inclu-
sions at autopsy that also stain positive for TDP-43.212

Frontotemporal dementia:
behavioral-dysexecutive subtype
Background
Several terms have been applied to a progressive neuro-
psychiatric syndrome indicative of frontal network
dysfunction. These include frontal lobe dementia,
dementia of the frontal lobe type, dysexecutive syndrome
and, the term used most often, frontotemporal demen-
tia. Here the subtype with a behavioral-dysexecutive
presentation is discussed, fvFTD. The following section
discusses the other subtype, PPA.

Diagnosis
In 1994, investigators in Sweden and England proposed
clinical criteria for diagnosis of FTD.213 These criteria
were revised in 1998 with input from other clinicians.198

Patients withmarked degeneration in the non-dominant
(usually right) frontotemporal cortex tend to exhibit
more behavioral problems and neuropsychiatric fea-
tures.214 For reasons unknown, some patients with
FTD develop artistic talent beyond what they exhibited
before the onset of cognitive or behavioral symptoms.215

Management
No therapy has been developed that halts or delays
the progression of neurodegeneration in the disorders
that present with FTD, although numerous agents are

being tested in transgenic tau mice. For symptomatic
therapy (Table 16.4), the results have been mixed with
SSRIs, particularly paroxetine.216,218,220–222 Trazodone
was efficacious inmany and generally well tolerated.218

While cognition declined during an open-label trial
with rivastigmine, there was improvement in neu-
ropsychiatric features and caregiver burden.172 More
recent open-label data with donepezil suggest that
cholinesterase inhibitors have the potential to worsen
disinhibition and compulsive symptoms in FTD.219

These agents should be used with caution in FTD.
In general, pharmacologic management of FTD is

tailored to address symptoms. Various symptoms and
behaviors can evolve and many can be very difficult to
manage. Support for caregivers is critical. The atypical
neuroleptic drugs are increasingly being used to
manage problem behaviors in FTD, but their efficacy
in this patient population have yet to be demonstrated
in any clinical trial. The effects of therapeutic agents
acting on different neurotransmitter systems in FTD
have recently been reviewed in detatil.220 Placebo-
controlled trials are underway to test the efficacy of
cholinesterase inhibitors and memantine in FTD;
however, at best, these interventions may lead to
modest symptomatic improvements.

As FTLD is further classified into clinical syn-
dromes with prominent TDP-43 pathology at autopsy
(a large proportion of FTD, most FTD with amyo-
trophic lateral sclerosis [ALS] and SD) versus those
with prominent tau pathology at autopsy (some FTD
and most PNFA), new avenues for potentially disease-
modifying therapies have arisen. Future clinical trials of
disease-modifying agents will likely focus on one patho-
logical subtype of FTLD or the other. A small number
of those with FTD and tau mutations have been treated
with lithium, an agent known to affect second messen-
ger systems that modify tau,222 and larger studies are
planned to investigate the effects of this medication in
PNFA. Other evidence suggests that induction of heat
shock protein pathways may protect cells from tau-
related neurodegeneration.223,224 A particularly exciting
possibility is that restoration of progranulin protein
levels in patients with FTD and PGRNmutations could
significantly modify the course of this disease.

Frontotemporal dementia: primary
progressive aphasia subtype
Background
In 1982, Mesulam225 first described a series of patients
who had aphasia without dementia, and later, he

Chapter 16: Dementia treatment
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introduced the term primary progressive aphasia. Data
have since been published on numerous other
patients.26,27,226 Although several subgroups of PPA
have been described,26,27 the clinical presentations fall
into two main categories that are separable by fluency.
Patients with non-fluent aphasia often have apraxia
of speech and non-verbal oral apraxia and, in our
experience, have a striking tendency to say “yes” for
“no” and vice versa. Structural or functional neuro-
imaging studies show abnormalities involving the
frontal opercular area (area of Broca) or insula in the
dominant hemisphere. A similar spectrum of disorders
that presents with FTD can manifest as progressive
non-fluent aphasia–apraxia of speech. Patients with
fluent aphasia typically havemarked dysnomia. Seman-
tic dementia refers to the features of fluent aphasia plus
loss of wordmeaning (and hence agnosia), and imaging
studies show prominent atrophy in the dominant tem-
poral lobe (often most evident in the anterior inferolat-
eral temporal cortex), which can be involved anywhere
from the anterior pole to the posterior perirolandic
area. The phenomenology of the language disturbance
in many patients with fluent aphasia includes the terms
semantic dementia and semantic aphasia.

Some patients develop difficulties recognizing
objects (visual agnosia) or faces (prosopagnosia), but

auditory cues, for example, shaking a ring of keys or
having a person speak, allow the patient to recognize
the object or person. It is important for clinicians to
differentiate anomia from agnosia from visuopercep-
tual impairment in patients with impaired naming of
objects or beings. Patients who cannot state the name
of an object or a being but can demonstrate how the
object is used or state identifying features of a being
are likely to have anomia. Those who are unable to
recognize an object or being but can describe the
various aspects of an object or being are likely to have
agnosia. Visual or associative agnosia refers to stimuli
that are stripped of their meaning.

Controversy still exists about the minimal brain
lesion necessary to cause prosopagnosia. For years,
bilateral dysfunction of the inferior temporo-occipital
cortex was considered necessary for prosopagnosia.227

A detailed case report of a patient with prosopagnosia
associated with right anterior temporal dysfunction
(indicated by functional neuroimaging) suggests that
this type of visual agnosia can occur with unilateral
temporal lobe dysfunction.228

Alzheimer's disease occurs more frequently in
patients with fluent aphasia, and the tauopathies and
non-specific histopathology typically occur in those
without AD. Some patients can have a protracted

Table 16.4. Summary of published open label and randomized clinical trials in patients with frontotemporal dementiaa

Reference Subjects Study
type

Study
duration

Main findings

Selective serotonin-reuptake inhibitors

Fluoxetine, sertraline, or paroxetine

Swartz et al. (1997)216 11 OL 3 mo Improvement in NP in more than half of patients

Paroxetine

Moretti et al. (2001)168 16b RCT 14 mo Improvement in NP and caregiver stress; few AEs

Deakin et al. (2004)217 10 RCT (DBXO) 6 wks No improvement in NP, mild worsening in COG

Other agents

Trazodone

Lebert et al. (2004)218 26 RCT (DBXO) 12 wks Improvement in NP in many, stable COG; few AEs

Rivastigmine

Moretti et al. (2004)172 20 OL 12 mo Improvement in NP and caregiver burden, while COG declined

Donepezil

Mendez et al. (2007)219 24 OL 6 mo No difference in COG between treated/untreated; NP worse,
reversible after drug removal in 33% of treated subjects

Notes:
AEs, adverse events; COG, cognition; DBXO, double-blind cross-over; mo, months; NP, neuropsychiatric features; OL, open-label trial;
RCT, randomized clinical trial; wks, weeks.
aFurther details in Huey et al. (2006)220 and Huey (2006).221
bApproximately half the subjects were treated with active drug.
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course, with features restricted to aphasia or agnosia,
while others develop features of FTD or CBD or appear
clinically indistinguishable from patients with AD in
later stages. Parkinsonism or motor neuron disease
can evolve; the latter portends a more rapid course.23

Management
The only pharmacologic study in patients with PPA
(n¼ 6) showed mild slowing of language deterior-
ation with bromocriptine therapy, but no alteration
in the overall course of the disease.229 Other treat-
ments such as piracetam, amphetamine, donepezil
and transcranial magnetic stimulation, which have
shown some promise in aphasia caused by stroke
(reviewed in detail by Berthier230) have not been evalu-
ated in any of the progressive aphasia syndromes.
Speech therapy can help some patients. For those with
moderate to severe non-fluent aphasia, therapy with
communication devices may be tried, but the patient's
receptive language capabilities and functioning in
non-language domains determine their utility. No
drug treatment has been shown to improve agnosia.

Corticobasal degeneration
Background
In 1967, Rebeiz et al.231 identified three patients
who had progressive asymmetrical akinetic-rigid syn-
drome and apraxia and distinctive histopathological
features. In these patients, achromatic neurons and
degeneration of the cerebral cortex, substantia nigra
and cerebellar dentate nucleus were found (leading to
the term corticodentatonigral degeneration). Subse-
quently, findings in other patients were characterized
by more basal ganglia than cerebellar degeneration
(leading to such terms as cortical-basal ganglionic
degeneration, corticobasal ganglionic degeneration
and corticobasal degeneration). Most cases appear to
be sporadic, although familial cases exist.

Diagnosis
Three sets of clinical criteria have been published
for making the diagnosis of CBD.232–234 Common to
all three sets is the combination of progressive asym-
metrical rigidity and apraxia, known as the PARA
syndrome. This chapter has included CBD because
neuropsychiatric morbidity occurs with the dis-
order,235,236 and numerous patients have presented
with progressive aphasia or dementia.44,237 The
patients with dementia typically present with features
of FTD, although some have appeared clinically indis-
tinguishable from those with AD. Importantly,

although these sets of clinical criteria have been
developed to predict the underlying disease of CBD,
antemortem diagnosis is about 50–60%.238 Hence,
these criteria should be considered similar to those
for corticobasal syndrome (CBS; see below).

Management
The only report to consider specifically the effect
of various pharmacological interventions in CBD is
that of Kompoliti et al.239 who found that no agent
produced a consistent and prolonged benefit for any
symptom or sign. Some patients have had some
degree of improvement in parkinsonism with carbi-
dopa/levodopa, but this has not been sustained.
Valproic acid and clonazepam can improve myoclo-
nus. Physical, occupational and speech therapy can be
worthwhile. Depression and sleep disorders are also
treatable. Other symptoms can improve with therapy
directed toward target symptoms.

Corticobasal syndrome (also known
as corticobasal degeneration syndrome,
progressive perceptual-motor syndrome,
progressive asymmetrical rigidity and
apraxia syndrome)
Background
Although the core syndrome of progressive asymmet-
rical rigidity and apraxia has been considered charac-
teristic of underlying CBD, approximately half the
patients with this syndrome in one series were found
to have CBD, whereas the others had either AD, Pick's
disease, PSP, FTLD-U, DLDH, or CJD.238,240 Presen-
tation as CBS can also occur in NIBD.241 Therefore,
it is presumptive and often incorrect to label these
patients with the pathological diagnosis of CBD, and
syndromic nomenclature would be more appropriate.
The term CBS is increasingly being used;242 other
terms for this syndrome include the progressive
perceptual-motor syndrome, the PARA syndrome and
corticobasal degeneration syndrome.

Management
As described in the section on CBD, the only report to
consider specifically the effect of various pharmaco-
logical interventions in patients with clinically sus-
pected CBD is that of Kompoliti et al.239 who found
that no agent produced a consistent and prolonged
benefit for any symptom or sign. Some patients have
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had some degree of improvement in parkinsonism
with carbidopa/levodopa, but this has not been sus-
tained. Valproic acid and clonazepam can improve
myoclonus. Physical, occupational and speech ther-
apy can be worthwhile, and constraint-induced move-
ment therapy (CIMT) has been beneficial for some
patients, albeit over several months and not several
years. Depression and sleep disorders are also treat-
able.238 Other symptoms can improve with therapy.

Progressive supranuclear palsy
Background
In 1964, Steele et al.243 described the clinical features
of a syndrome (which still bears their names) with
degeneration of the brainstem, basal ganglia and cere-
bellum. Recent immunocytochemical studies have
demonstrated characteristic tau-positive abnormalities,
and PSP is also considered a four-repeat tauopathy.
Dementia occurs frequently in PSP. Most cases are
sporadic.

Diagnosis
The classic presentation of PSP is the constellation
of supranuclear gaze palsy, postural instability and
falls, and parkinsonism.244 Numerous patients have
had atypical features, including ones mistaken for
CBD; those with no gaze palsy, gait impairment, or
parkinsonism; and those presenting with progressive

aphasia, FTD, or having obsessive–compulsive
features.200,245,246

Management
Management of the cognitive, motor and gait aspects
of PSP is challenging.235,247,248 The results from
the few open-label studies and randomized clinical
trials (all placebo-controlled cross-over studies) have
been disappointing (Table 16.5).249–253 Parkinsonism
responds poorly to carbidopa/levodopa, and gait assist-
ance devices or confinement to a wheelchair is often
necessary for management of gait impairment. The
topography of cortical dysfunction tends to involve
the frontal or frontosubcortical neural networks; conse-
quently, apathy and executive dysfunction are often
present. Disinhibition, dysphoria and anxiety are also
common,245 but agitation and obsessive–compulsive
features are less frequent. Treatment is directed toward
target symptoms. Physical and occupational therapy
and gait-assistance devices are also indicated in many.

Diagnosis and management
of the human prion disorders
Creutzfeldt–Jakob disease
Background
The diagnosis of CJD has been applied to patients
with rapidly progressive dementia who subsequently

Table 16.5. Summary of published open-label and randomized clinical trials in patients with progressive supranuclear palsy

Reference Subjects Study type Study
duration

Main findings

Cholinesterase inhibitors for management of cognitive impairment

Donepezil

Fabbrini et al. (2001)249 6 OL 3 mo No improvement in COG, motor or functional status

Litvan et al. (2001)250 21 RCT (DBXO) 13 wks Modest improvement in COG; deleterious effects on
mobility and ADLs

Cholinesterase inhibitors for management of dysphagia

Physostigmine

Frattali et al. (1999)251 8 RCT (DBXO) 10 days No improvement in dysphagia

Agents for management of parkinsonism

Efaroxan

Rascol et al. (1998)252 14 RCT (DBXO) 12 wks No improvement in motor status

Pramipexole

Weiner et al. (1999)253 6 OL 2 mo No improvement in motor status

Notes:
ADL, activities of daily living; COG, cognition; DBXO, double-blind crossover; mo, months; OL, open-label trial; RCT, randomized clinical trial;
wks, weeks.
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are found to have spongiform changes (and positive
prion protein immunostaining on neuropathological
examination). The term prion was coined by Prusiner
for proteinaceous infectious particles that appear to
induce conformational changes in the prion protein
that all humans have and ultimately cause neuronal
death. There are sporadic, familial and iatrogenic
forms, and the so-called “new variant CJD” (nvCJD)
appears to be related to the ingestion of products
from animals that previously had been fed contamin-
ated food. Three other prion disorders that affect
humans are GSS, FFI and kuru.

Diagnosis
The typical features of CJD include rapidly progres-
sive dementia (time from onset of symptoms to death
is often less than 1 year), myoclonus and quasiperiodic
sharp wave complexes on electroencephalography.254

Atypical presentations include clinical manifestations
that reflect the topography of signal abnormalities
on MRI or the distribution of spongiform changes
on neuropathological examination, for example
progressive aphasia syndrome, frontal lobe dementia
syndrome, progressive apraxia and rigidity (CBS),
progressive visuoperceptual and visuospatial impair-
ment syndrome (Heidenhain variant) and various
neuropsychiatric presentations. Increased levels of
14-3-3 protein and neuron-specific enolase in CSF
have been associated with CJD and may aid in diagno-
sis.255 Importantly, elevations of both 14-3-3 protein
and neuron-specific enolase reflect acute or subacute
neuronal injury and are not specific for CJD. Increased
signal changes on fluid attenuation inversion recovery
(FLAIR) or, particularly, diffusion-weighted images
(DWI) in MRI may also be diagnostically relevant,
particularly when the basal ganglia or cortical ribbon
is involved.

Management
Recent cell culture and animal experiments have
suggested that certain acridine and phenothiazine
derivatives, particularly quinacrine and chlorpromaz-
ine, may affect prion protein pathophysiology.256

Flupertine has also shown some promise. Small
numbers of patients with CJD have been treated with
either quinacrine or flupertine (Table 16.6).257,258

There have been mixed results with quinacrine,
and flupertine appeared to decrease the degree of
cognitive impairment but did not affect survival.
Much larger clinical trials are underway. Otherwise,
management is directed toward target symptoms or
behaviors. In many cases, involvement of a hospice is
appropriate.

New variant Creutzfeldt–Jakob disease
Background
Two cases of sporadic CJD in teenagers living in the
UK were reported in 1995. Several additional cases
with atypical clinical features were identified, with
most of the patients residing in the UK or France.
The neuropathological findings of prion protein
deposition in the cerebral and cerebellar cortices and
the presence of so-called florid and multicentric
plaques were atypical of sporadic CJD.260 The clinical
and histological features led to the use of the term
“new variant” for these cases. Analyses have estab-
lished that the causative agent of the prion protein
strain is bovine spongiform encephalopathy, also
known as mad cow disease.261 Cattle had been fed
processed animal products that were unknowingly
infected, and the cattle were then consumed by
humans. This process of using animal products as
cattle feed was banned in 1989, but because of the
lengthy period from ingestion to clinical symptoms,

Table 16.6. Summary of published open label and randomized clinical trials in patients with Creutzfeldt–Jakob disease

Reference Subjects Study
type

Study
duration

Main findings

Quinacrine

Nakajima et al. (2004)257 4 OL 3 months Mild and transient improvement in clinical status

Haik et al. (2004)259 32 OL Up to 265 days No clear improvement in symptoms nor prolongation of survival

Flupertine

Otto et al. (2004)258 28a RCT Up to 86 days Less decline in COG but no difference in survival in those treated
with active drug compared to placebo

Notes:
COG, cognition; OL, open label trial; RCT, randomized clinical trial.
aApproximately half the subjects were treated with active drug.
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nvCJD likely will continue to develop in humans for
years to come. Only two individuals living in North
America have been identified, both of whom had
resided in the UK years earlier and when ingestion
presumably occurred.

Diagnosis
Patients with nvCJD have tended to be younger than
those with sporadic CJD, and the symptoms typically
have been more “psychiatric,” with depression, behav-
ioral changes, apathy, delusions and hallucinations.262

Sensory symptoms have been common. Dementia
usually evolves, as does myoclonus.263 The duration
of symptoms has generally been longer than for typ-
ical CJD, with some exceeding 3 years from onset to
death.264 Electroencephalographic findings are abnor-
mal, but the quasiperiodic pattern of sharp wave
complexes is rare. In several cases, signal changes in
the posterior thalamus have been documented on
MRI.265 Examination of brain tissue or, more recently,
tonsil tissue, establishes the diagnosis.264

Management
Quinacrine, flupertine and other agents have been or
will likely be used in nvCJD cases, but there are too
few data to determine if these have been effective in
this disorder. Consequently, management is directed
toward target symptoms or behaviors. Involvement
of a hospice is again appropriate. The advances in
molecular genetics and molecular biology have led
to remarkable changes in our understanding of
degenerative and prion-related dementing illnesses.
A major shift is evolving in which the pathophysiolo-
gical processes are becoming increasingly relevant for
drug development rather than clinical characterization.

Management of target symptoms
in dementia
Since no currently available therapy directly and
importantly alters the pathophysiological processes
causing dementia, management of dementia, regard-
less of the cause, typically is tailored toward target
symptoms. Although most reports on the available
agents have involved patients with clinically suspected
AD, many of these agents may be helpful in the man-
agement of non-AD disorders. Readers are encouraged
to review some key articles and texts on the manage-
ment of problematic symptoms and behaviors in
dementia.266–270

In the office, a helpful exercise is to ask patients
and their caregivers to cite and to rank by priority the

symptoms or features they want most to alter. Initial
therapy can be directed at the issue of top priority,
and if this is better managed with therapy, then
therapy can be directed toward the next most import-
ant issue, and so forth. Therapies for important symp-
toms and behaviors – categorized as cognitive and
non-cognitive features – are described below; specific
drugs and dosing suggestions are shown in Table 16.7.

Cognitive features
Amnesia and forgetfulness
Cholinesterase inhibitors were developed to improve
memory; however, because in AD and DLB the cho-
linergic neurons of the basal forebrain degenerate,
progressively less and less acetylcholine is available
to modulate therapeutically as the illness worsens.
Because neuronal death is comparatively less in DLB
than in AD, the response to cholinesterase inhibitor
therapy can be impressive in some patients with
DLB.56–62,65,67,81,271 Some individuals with FTD and
other non-AD disorders may also experience cognitive
improvement with cholinesterase inhibitors. Presum-
ably, agents with nicotinic or muscarinic (or both)
receptor agonist activity would be most likely to
improve memory; however, preliminary studies have
suggested that the systemic effects are too intolerable
for many patients. Cholinergic agonists that are select-
ive for the CNS may offer the most benefit for amnesia
and forgetfulness. Some patients and their families have
noticed improvement in forgetfulness with levodopa,
modafinil or methylphenidate therapy. Memantine is
another option, although the effects tend to be modest.

Aphasia
Aphasia can result from dysfunction of the frontal,
temporal or parietal lobes of the dominant hemi-
sphere as well as from lesions in the thalamus, basal
ganglia, insula and arcuate fasciculus. Aphasia is the
core feature of the progressive aphasia syndromes,
and aphasia can occur with AD, Pick's disease, CBD,
PSP, DLDH, CJD and cerebrovascular insults. Speech
therapy can improve communicability for some apha-
sic patients. When expressive language functions are
severely compromised, specially designed devices can
be helpful. As noted above for progressive aphasia,
bromocriptine is the only agent that has been tested,
and the effect was modest.229

Agnosia
Agnosia (the inability to recognize the meaning of
stimuli) is characteristic of the associative agnosia
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syndrome, and it can occur in any of the cortical
dementing disorders. No drug has been shown to
improve agnosia.

Apraxia
Limb apraxia is a core feature of the CBS, and apraxia
can occur in other syndromes and disorders with
prominent parietofrontal neural networks dysfunction.
Carbidopa/levodopa can improve apraxia slightly and
for a period of months in select patients. Experience
at our center has shown that CIMT, in which the
“good” limb is restrained for hours every day and
thus forcing the person to use the “bad” limb, has
resulted in impressive improvement of limb function-
ality in some patients with CBS. The challenge is
identifying therapists trained in CIMT, and strong
motivation by the patient is critical for CIMT to be
potentially helpful.

Visuospatial and visuoperceptual dysfunction
Dysfunction in complex visual processing is charac-
teristic of PCA, and such dysfunction can occur
in patients with DLB, CBD, AD, CJD or DLDH.
Ophthalmological consultation is reasonable for all
patients with visuospatial and visuoperceptual dys-
function so that any potential ocular cause of visual
impairment can be evaluated and treated. Otherwise,
patients with marked impairment should not be
allowed to drive or to operate machinery, and meas-
ures should be taken to minimize the potential for
injury around the house. For patients who experience
illusions, changing the illumination in rooms or
removing problematic items from the house may
minimize the illusions. Misidentification errors,
particularly if they involve the spouse and children,
can be troubling to family members; counseling the
family on the dysfunction in complex visual process-
ing may reduce the anxiety related to these errors.
For those patients who are troubled by their own
reflections in mirrors, covering the mirrors can
suffice. Rarely, patients have shown improvement
functionally and on neuropsychometric testing with
cholinesterase inhibitor and levodopa therapy. No
drug has been shown in clinical studies to improve
visuospatial and visuoperceptual dysfunction.

Executive dysfunction
Difficulties in judgement, insight, reasoning, complex
decision making and performing sequential tasks
all reflect dysfunction in frontosubcortical neural

networks. While executive dysfunction is at the core
of FTD, such dysfunction tends to occur in almost all
other syndromes and disorders at some point in the
course. While no studies have been performed and
published about any pharmacologic therapies for
executive dysfunction per se, many of the drugs that
affect acetylcholine, dopamine, serotonin and nor-
epinephrine could theoretically improve executive
functioning. Recent analyses using neuropsycho-
logical testing and PET suggests that cholinesterase
inhibitors activate frontosubcortical networks, at least
in patients with mild cognitive impairment.272

Non-cognitive features
Agitation, aggression and behavioral dyscontrol
Agitation, verbally and physically aggressive behavior,
as well as psychotic features, sleep disturbances, and
wandering, are often collectively termed as “behav-
ioral and psychological symptoms of dementia” and
abbreviated BPSD.273 These BPSD are a major cause
of institutionalization, and even for 24 hour care
facilities. The management of BPSD can be very
challenging, and the costs associated with BPSD are
staggering.274 While intervention should always be
focused specifically on target symptoms and behav-
iors (see the specific targets of hallucinations and
delusions, and sleep disturbances, below), the concept
of BPSD has been useful for designing treatment
trials. Traditionally, treatment has been with con-
ventional neuroleptics and benzodiazepines, but
several randomized clinical trials and meta-analyses
involving atypical neuroleptic drugs, cholinesterase
inhibitors, memantine, antidepressants, carbamaze-
pine and valproic acid have been completed (Table
16.8).73,78,87,173,189,275–295 The focus with these studies
has been on the constellation of problematic behav-
iors more so than the underlying disorder. As shown
in Table 16.8, efficacy and tolerability have been
shown in most studies involving atypical neuroleptic
drugs, cholinesterase inhibitors and memantine;
the results from the trials using antidepressants, car-
bamazepine and valproic acid have not shown efficacy
in most open-label and randomized clinical trials.
Yet lack of superiority of any drug over placebo
in clinical trials does not translate into futulity in
individual patients. The suggestions and findings in
Tables 16.7 and 16.8 are, therefore, presented to allow
clinicians to consider options and evidence-based
data before deciding what agents, if any, should be
used for select patients.

Section 2: Cognitive impairment, not demented
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While the data substantiating efficacy of the
atypical neuroleptic drugs in the management of
BPSD is firmly growing, the US FDA has issued
warnings of concern regarding the increased risk
of cerebrovascular events301 and hyperglycemia/
diabetes,302 and in April of 2005 of slightly increased
mortality associated with atypical neuroleptic use in
patients with dementia.303 The warning on increased
mortality was based on data with an atypical neuro-
leptic from 17 placebo-controlled trials.304 The impli-
cations of this warning are worrisome; atypical
neuroleptic drugs should be used with great caution,
and other agents such as conventional neuroleptic
agents and benzodiazepines may be safer and hence
better options for managing problem behaviors
in dementia. Most experts still regard atypical neuro-
leptic drugs as preferable to conventional neuroleptics
and benzodiazepines, provided that families are aware
of these risks. Results from the Clinical Antipsychotic
Trials of Intervention Effectiveness (CATIE) suggest
that adverse effects offset advantages in the efficacy
of atypical antipsychotic drugs for the treatment of
psychosis, aggression or agitation in patients with
Alzheimer's disease;296 however, problems with study
design and drug dosing limit the applicability of these
results to general practice.

Before instituting any drug in patients with
dementia, it is important to ensure that sources of
pain, another medical illness (e.g. urinary tract infec-
tion), effects of other medications, and so on have
been evaluated and addressed. Patients, caregivers and
the clinicians involved in their care should weigh the
advantages and disadvantages of specific drugs and
make a joint decision on which drug is most appro-
priate for specific target symptoms. A drug should
be commenced at a low dose and titrated up slowly,
with the aim of decreasing the target behaviors to a
tolerable level. If one drug is not efficacious or leads
to intolerable side-effects, it should be discontinued
and another agent should be discussed and instituted.
Inherent in this trial and error approach is the risk–
benefit ratio, with improvement in problem behaviors
and quality of life often considered by caregivers as
much or more important than prolonging life in their
loved ones who are suffering from diseases that are
universally and ultimately fatal.

One important caveat regarding clinical trials
in BPSD must be emphasized. Evidence-based medi-
cine necessitates unbiased, randomized, double-blind,
placebo-controlled clinical trials be performed to
demonstrate any drug is superior to placebo for any

clinical disorder. Patients with moderate to severe
BPSD are probably rarely enrolled in clinical trials,
as the clinicians and particularly the caregivers may
be wary of participating in trials when life is so chal-
lenging and there is a 33% or 50% chance of their
relative getting placebo. Therefore, essentially by
default, patients with mild BPSD are enrolled, and
the data from randomized clinical trials cannot be
extrapolated to all patients with dementia and prob-
lem behaviors. If agitated depression is suspected,
referral to a psychiatrist for consideration of electro-
convulsive therapy is warranted.

Apathy
Apathy is common in FTD, but it also occurs with
most dementing disorders. For example, a patient
may look through a window or watch a monotonous
TV channel for hours, or rarely initiate conversation
or spontaneously perform activities around the house.
Experience has shown that apathy can improve with
treatment with psychostimulants, amantadine, levo-
dopa, the dopamine agonists, buproprion, selegiline
or cholinesterase inhibitors, as well as antidepressants
when the apathy is part of depression.305,306

Disinhibition and socially inappropriate behavior
Inappropriate comments or gestures are the dread of
many caregivers, particularly ones that have a sexual
theme or are directed at children. Disinhibition
is characteristic of FTD but can occur in other syn-
dromes and diseases in which the frontal networks are
dysfunctional. Atypical neuroleptic drugs, antidepres-
sants (particularly SSRIs), cholinesterase inhibitors
and anxiolytics can be effective.307–310 If ineffective,
avoidance of social settings may be the only way to
minimize embarrassment owing to inappropriate
behavior.

Hallucinations and delusions
Hallucinations and delusions are common in DLB
and FTD, but they can occur in many other disorders
and syndromes. Visual hallucinations are rarely pre-
sent in CBD, and when they are associated with cogni-
tive impairment and parkinsonism, their presence may
suggest DLB rather than CBD.310 If hallucinations or
delusions are mild and visual and hearing impairment
has been excluded as a cause, simple reassurance
of the patient may be all that is necessary. When
hallucinations or delusions are a problem, treatment
with atypical neuroleptic agents and cholinesterase
inhibitors can be beneficial. Melatonin taken before
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bedtime has improved or eliminated visual hallucin-
ations in some patients. Levodopa, dopamine agonists,
psychostimulants, amantadine and selegiline should
be used with caution, because each can aggravate
psychotic features.

Anxiety
Anxiety can occur in all the syndromes and disorders,
and management can be challenging. Anxiolytics,
antidepressants, cholinesterase inhibitors, and atyp-
ical neuroleptics, or some combination of these, may
be beneficial.

Depression
Depression is common to all dementing disorders,
and numerous effective antidepressant agents are avail-
able, although few have shown efficacy in randomized,
double-blind, placebo-controlled trials in dementia.311

All these agents can have adverse cognitive or behav-
ioral effects. Agents with anticholinergic properties
should be avoided, particularly tricyclic antidepres-
sants, and paroxetine also must be used with caution
owing to its anticholinergic effects. The presence
of dementia should not preclude the use of electro-
convulsive therapy if other therapies have not been
effective.

Emotional lability and pseudobulbar affect
Frontosubcortical network dysfunction regardless of
the underlying histopathological process can lead to
emotional lability, with tearfulness induced by min-
imally emotional stimuli (pseudobulbar affect) being
more common than excessive jocularity. If emotional
lability is socially embarrassing, treatment with SSRIs
can be effective; lithium therapy has also been sug-
gested.312–315 Although tricyclic antidepressants also
minimize a pseudobulbar affect, the benefit must
be weighed against the anticholinergic effects. While
a combination of dextromethorphan and quinidine
was not effective for slowing progression in ALS,
the impressive improvement in pseudobulbar affect
has led to continued clinical trials with this combi-
nation therapy.316 Treatment trials for pseudobulbar
affect have recently been reviewed.317

Hyperphagia
Hyperphagia is particularly problematic in FTD,
especially involving sweets and ice cream, and gains
of 100 pounds or more can occur in some patients
if no intervention is successful. Restricting access to
food by locking cupboards and the refrigerator may
be effective in some, but agitation can result. There

are no clinical trials showing efficacy for hyperphagia
related to dementia, but clinical experience has shown
that topiramate can be effective in some, presumably
owing to its poorly understood weight loss tendancies.

Urinary incontinence
The supratentorial control of continence has strong
input from the frontal lobes; as a result, incontinence
often occurs in patients with frontal lobe dysfunction.
Nearly all patients with dementia develop incontin-
ence terminally. If urinary studies exclude an infec-
tion and urological evaluation does not reveal
a treatable cause in the genitourinary structures,
agents with anticholinergic properties can improve
incontinence, but the improvement must be con-
sidered in the context of possible diminished choli-
nergic activity in the cerebral cortex.318–321 Scheduled
voiding attempts, whereby the patient is encouraged
to attempt to urinate even if no urge is apparent every
4 hours while awake, can greatly minimize incontin-
ence during the day. If cognitive impairment is mild
to moderate but urinary incontinence seriously affects
quality of life, placement of a suprapubic catheter may
be warranted.

Insomnia
In patients, insomnia can result from primary
insomnia (includes psychophysiological insomnia
and inadequate sleep hygiene), restless legs syndrome
or central sleep apnea syndrome. In a caregiver,
insomnia can be caused by the same spectrum of
disorders in addition to disruptive snoring, obstruct-
ive sleep apnea/hypopnea syndrome, periodic limb
movement disorder or nocturnal wandering in their
cognitively impaired bedpartner. Diagnosis requires
a detailed sleep disorders interview, physical examin-
ation and, in some cases, polysomnography. Primary
insomnia can improve with treatment with trazo-
done, chloral hydrate or melatonin.268,322–326 Carbi-
dopa/levodopa, dopamine agonists such as pergolide
or pramipexole, gabapentin or opiates are generally
effective for restless legs syndrome and periodic limb
movement disorder. Nasal continuous positive airway
pressure (CPAP), if calibrated to the correct pressure
and used nightly, eliminates disruptive snoring and
obstructive sleep apnea. Central sleep apnea syndrome
can be difficult to treat, often requiring various com-
binations of CPAP, bilevel positive airway pressure,
supplemental oxygen and benzodiazepines. Referral
to a sleep medicine specialist can be helpful.
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Hypersomnia
Hypersomnia can result from restless legs syndrome,
periodic limb movement disorder, central sleep apnea
syndrome, obstructive sleep apnea, insufficient sleep,
narcolepsy or idiopathic hypersomnia. Consultation
with a sleep disorders specialist and polysomnogra-
phy with or without a multiple sleep latency test can
be fruitful. Psychostimulants can be safe and effective
in elderly patients.327

Parasomnia
Parasomnias refer to unpleasant nocturnal experiences
or behaviors. Probably the most common parasomnia
among the elderly is RBD, which also occurs in PD,
DLB and multiple system atrophy.42–45,330 Patients
seemingly “act out their dreams,” and the dream
content often involves a chasing or attacking theme.
Polysomnography is often necessary to investigate
nocturnal seizures or obstructive sleep apnea (a history
identical to that of RBD can occur in severe obstructive
sleep apnea). Treatment with a low dose of clonazepam
or melatonin is often effective for reducing the chance
of injury to patients and their bedpartners.68,314 Que-
tiapine can improve RBD in some patients.44,45

Patients and bedpartners can also be counseled, for
example to move potentially injurious objects away
from the bed and to place a mattress on the floor next
to the bed.329

“Sundowning”
Delirium, confusion, disorganized thinking, impaired
attention, wandering, agitation, insomnia, hyper-
somnia, hallucinations, illusions, delusions, anxiety,
restlessness, hyperactivity and anger have all been con-
sidered features of the sundowning syndrome.330,331 The
term implies that problem symptoms or behaviors
develop during the evening or night, although few
data support that this occurs.328 The term is nebulous,
and more descriptive terms such as “agitation” or
“wandering” are more appropriate. Several therapies
have been suggested to improve various elements
of the sundowning syndrome.332 We suggest that
clinicians identify specifically which symptoms are a
problem and treat them accordingly. Our clinical
experience has shown that diagnosis and management
of the primary sleep disorders with or without a sched-
uled nap after the noon meal can markedly improve
symptoms or behaviors that are most bothersome in
the afternoon or evening.
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Chapter

17 Dementia and cognition
in the oldest-old
Kristin Kahle-Wrobleski, María M. Corrada and Claudia H. Kawas

Introduction
Fueled by medical and technological advances, average
life expectancy in the USA has increased by more
than 25 years over the past century. A consequence
of increased longevity and the aging of the “baby
boomers” is that the oldest-old (age 90 or older) have
become the fastest growing segment of the US
population. Currently, there are fewer than 2 million
Americans aged 90 and older, but this number will
increase to approximately 10 million by 2050.1 In
terms of percentage of the population, those aged 90
and older presently represent 0.5% of the population
in the USA, while by the middle of the twenty-first
century, they will form about 2.5% of the population2

as depicted in Fig. 17.1. Moreover, the increases in the
oldest-old population are occurring worldwide. Coun-
tries including Japan, France, Italy and Germany are
expected to have between 3 and 5% of their population
aged 90 and over by 2050.3

Cognition in the oldest-old:
key questions
� What is the prevalence of dementia in the oldest-old?
� What are the causes of dementia in the oldest-old?
� How can we screen for dementia in this

population and what challenges must we
overcome in the cognitive assessment of this age
group?

� What are the clinical–pathological correlates of
dementia in the oldest-old?

The rapidly growing population over the age of 90
signals a need to understand aging and age-related
conditions in the oldest-old. Many issues require
investigation in these pioneers of aging. Estimates of
dementia prevalence vary as described in more detail

below. More precise estimates and a better under-
standing of the causes of dementia are crucial for
understanding the public health impact of this rapidly
growing group. The present chapter presents a brief
overview of our knowledge regarding dementia and
cognition in the oldest-old and describes preliminary
findings from the 90þ Study, a population-based
study of individuals aged 90–108 years of age.

The 90þ Study
To address the dearth of information regarding
dementia and cognition in the oldest-old, The 90þ
Study was established in 2003. The study is composed
of survivors from the Leisure World Cohort Study,
which was established in the early 1980s when 13 978
residents (8877 women and 5101 men) of a California
retirement community (LeisureWorld, LagunaWoods)
completed a postal health survey.4,5 The cohort is
mostly white and well educated. Basic demographic
information is summarized in Table 17.1 and a sum-
mary of participants' medical histories is shown
in Fig. 17.2.

The 90þ Study invited all 1151 members of the
Leisure World Cohort Study who were aged 90 years
and older on January 1, 2003 to participate in this
longitudinal study of aging and dementia. Cohort
members were asked to undergo a comprehensive
evaluation either at our clinic or their residence,
including a neuropsychological evaluation, neuro-
logical examination and self-administered as well as
informant questionnaires. A list of neuropsychological
tests is provided in Table 17.2. Participants are evalu-
ated in-person every 6 months and informant infor-
mation is updated annually. As of December 1, 2006,
information had been ascertained on 948 (82%) of the
90þ Study cohort.

Dementia prevalence
Although estimates of dementia prevalence are rea-
sonably well established for individuals under the age
of 85 years, they have not been well defined for those

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
# Cambridge University Press 2009.
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in their tenth and eleventh decades of life. It is not clear
if the prevalence of dementia, which doubles every
5 years of life between ages 65 and 85, continues this
exponential increase in the tenth decade. Figure 17.3
shows available studies of dementia prevalence in

people over age 90. Some studies have found
that prevalence continues to increase with age after
90,19,20,22 whereas others suggest that prevalence plat-
eaus in the tenth decade.23,30 Estimates of prevalence
for people over age 90 vary from approximately 30%
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to approximately 60%, essentially a two-fold difference
between estimates. When specifically considering
prevalence rates of centenarians, the percentages also
vary widely, with estimates ranging from 42% to
88%.19,31–35 Moreover, the confidence intervals of all
estimates in the oldest-old are wide, reflecting the lack
of precision of these estimates.

Owing to small numbers, most studies of the oldest-
old estimate prevalence for all subjects aged 90 and
older as a combined group. Only a handful of publica-
tions have reported age- and gender-specific estimates
for ages 90 and above.19,20,22,25 In these studies, esti-
mates for ages 90–94 range from approximately 32%

to 48% and increase modestly from approximately
40% to 60% for ages 95þ. Although prevalence esti-
mates for women are fairly consistent in terms
of magnitude and direction (all appear to increase
with age after age 90), the estimates for men are
discrepant. When comparing prevalence between ages
90–94 and 95þ in men, one study shows a dramatic
increase,19 another shows a striking decrease20 and
the remaining two studies have similar estimates for
the age groups.19,22 Consequently, precise estimates
of the prevalence of dementia have been elusive in
the oldest-old, with insufficient numbers of subjects
in most studies.

The 90þ Study is to our knowledge the largest
prevalence investigation in a population-based sample
of those 90þ years of age and, therefore, allows more
precise estimates than previously published. Prelimin-
ary results obtained from 911 participants show an
overall prevalence of all-cause dementia of 41%. Esti-
mates of prevalence were higher in women than in
men (45% versus 28%) and continued to increase
with age in women but appeared to level off in men
(Fig. 17.4). The 90þ Study suggests that dementia
prevalence rates, particularly in women, continue to

Table 17.1. Baseline demographic characteristics of participants
in the 90þ Study (n¼ 948)

Characteristic Percentage

Sex

Women 77

Men 23

Marital status

Widowed 76

Married 14

Never married 6

Separated or divorced 4

Education

High school or less 31

Some college or vocational school 29

College graduate or more 40

Type of residence

At home alone 28

At home with spouse 11

At home with relatives or friends 7

At home with paid caregiver 10

Nursing or group home 44

Cognitive diagnosis from neurological examination

Normal 32

Cognitively impaired not demented 34

Demented 34

Use of assistive devices

None 29

Cane 31

Walker 51

Wheelchair 37

Average age (years [range]) 94.9 (90–106)

Table 17.2. Neuropsychological assessment battery
of the 90þ Study

Domain Test Reference

Global cognition Modified Mini-Mental State
Examination (3MS)

6

Mini-Mental State
Examination (MMSE)

7

Language Boston Naming Test (BNT)
15-item

8,9

Animal Fluency 10,11

Visuoconstruction CERAD constructions 11

Clock Drawing 12,13

Verbal memory California Verbal Memory
Test (CVLT) 9-item

14

Attention/
Executive
Function

Digit Span (Forward and
Backward) from Wechsler

15

Adult Intelligence Scale,
3rd edn

Trail Making Test A 16,17

Trail Making Test B 16,17

Clock Drawing 12,13

Letter F Fluencies 10,11

Motor speed Trail Making Test C 18
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rise across the tenth decade. Because women make up
more than three-quarters of all individuals over age
90, we can expect increasing numbers of persons with
dementia in the growing population of oldest-old.

Screening for dementia
With high rates of prevalent dementia in the oldest-
old, determining the utility of dementia screening
instruments for this age group is essential. Perhaps
the most widely used dementia screening instrument,
the Mini-Mental State Examination (MMSE),7 does
not have published cutoffs for persons over age 90.
Scores on the MMSE generally decline with age,36,37

and failure to adjust cutoffs for older age groups may
reduce the specificity of this instrument,38,39 resulting
in more oldest-old patients or participants inaccurately
being labeled as having dementia.

Table 17.3 shows results from the 90þ Study,
suggesting the MMSE is an accurate screening tool
for identifying dementia in those aged 90þ years
when used with age- and education-adjusted cutoff
points.40 Even across the tenth decade, cutoff values
need to be adjusted downward with increasing age to
preserve the balance between sensitivity and specifi-
city, a crucial first step in characterizing dementia in
nonagenarians and centenarians.

Normative neuropsychological data
Limited age-appropriate normative data are available
when assessing persons over age 90 for impairments
in specific domains of cognition. Common normative
datasets, such as those published for theHalstead–Reitan
Neuropsychological Battery41 or the Wechsler Adult
Intelligence Scale, 3rd edition15 do not include adults
over the age of 90 in their samples. The Mayo Older
Adults Normative Study does include those aged 90þ
years but has relatively few individuals (less than
30).42 One recently published study provided norms

on the neuropsychological battery of the Consortium
to Establish a Registry for Alzheimer's Disease
(CERAD) drawn from 196 individuals aged 85 years
and older.43 The authors found a strong effect of
education and age on most tests, concluding that
norms drawn from younger populations are not
appropriate for the oldest-old and might lead to mis-
classification of participants as demented.43

To establish a set of normative data for the oldest-
old using the largest number of subjects to date, data
were compiled from 339 non-demented participants
in the 90þ Study. These norms are available in the
public domain44 and include age-specific means,
standard deviations, and percentiles for several stand-
ardized and widely used tests, listed in Table 17.2.
When comparing mean scores of our oldest-old
participants with previous studies of younger individ-
uals, age effects are easily noted (Figure 17.5). The
oldest-old performed less well, on average, than their
younger counterparts on both timed and untimed
tasks. Further analyses within our group aged 90þ
years showed that cognitive test performance was
inversely related to age.44 Tests with an age effect
included the Modified Mini-Mental Status Examin-
ation (3MS), Boston Naming Test – 15 item, Animal
Fluency, California Verbal Learning Test, Trail
Making Tests A and B, Clock Drawing Test, and Digit
Span Backward. As seen in Figure 17.5, cognitive
performance across age groups for those aged 90þ
decreased at nearly twice the magnitude as differences
across the younger age groups. For example, mean
time to complete the Trail Making Test A was nearly
30 seconds slower for the 95þ age group than in the
group aged 90–91 years. In contrast, the mean time to
complete the test in the group aged 76–85 years was
only 10 seconds slower than completion time for the
group aged 71–75 years. Results from the 90þ Study
suggest that the performance of non-demented nona-
genarians and centenarians continues to decline and

Table 17.3. Mini-Mental State Examination (MMSE): cutoff scores for dementia by education group in the 90þ Study

Age (years) High school or less College or more

MMSE cutoff score Sensitivity/specificity MMSE cutoff score Sensitivity/specificity

90–93 � 23 0.87/0.94 � 25 0.82/0.80

94–96 � 23 0.90/0.93 � 24 0.85/0.80

97þ � 22 0.80/0.76 � 22 0.89/0.90

From Kahle-Wrobleski et al. (2007)40 with permission.
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possibly even accelerates past the age of 90. Whether
these findings reflect latent disease processes or other
age-associated processes requires further investigation.

Challenges in the cognitive
assessment of the oldest-old
Factors affecting validity and reliability of clinical
assessments are magnified when working with the
oldest-old. In particular, sensory deficits, fatigue and
motor limitations influence how cognitive tests must
be administered and interpreted in studies such as the
90þ Study. A majority (72%) of the participants in
the 90þ Study had significant hearing loss, vision loss,

or both. Some sensory limitations are overcome with
personal devices, such as hearing aids and eyeglasses.
However, degenerative conditions such as macular
degeneration and glaucoma lead to untreatable visual
loss and affect the choice and presentation of neuro-
psychological tests, as well as interpretation of results.

In addition, our experience shows that fatigue is a
pressing concern when working with individuals over
the age of 90. Frequent breaks are required and sub-
jects often are slow to complete procedures. Although
the cognitive assessment battery of the 90þ Study
does not usually take more than 45 minutes to com-
plete, approximately 20% of participants omit at least
one test because of fatigue.

20

22

24

26

28

30
MMSE

M
ea

n 
S

co
re

 (
m

ax
 3

0)

8

9

10

11

12

13

14

15

Boston Naming

M
ea

n 
S

co
re

 (
m

ax
 1

5)

Trails B Test

25

75

125

175

225

275

325

M
ea

n 
S

co
re

 (
se

co
nd

s)
5

10

15

20

25

70–79 80–84 90–91 92–94 95+

70–79 80–89 90–91 92–94 95+

71–75 76–85 90–91 92–94 95+ 71–75 76–85 90–91 92–94 95+

69–76 77–85 90–91 92–94 95+

70–79 80–89 90–91 92–94 95+

Animal Fluency

M
ea

n 
S

co
re

 (
w

or
ds

/m
in

)

20

40

60

80

100

120

Trails A Test

M
ea

n 
S

co
re

 (
se

co
nd

s)

0

2

4

6

8

CVLT 10-min Delay

M
ea

n 
S

co
re

 (
m

ax
 9

)

n= 865 n= 163 n= 83 n= 116 n= 95

n= 47 n= 43 n= 93 n= 131 n= 111

n= 57 n= 26 n= 65 n= 84 n= 56 n= 57 n= 26 n= 65 n= 78 n= 51

n= 38 n= 35 n= 71 n= 95 n= 54

n= 145 n= 107 n= 74 n= 111 n= 64

90+ StudyOther Published Studies

Fig. 17.5. Mean cognitive test scores from the 90þ Study compared with published studies of younger elderly. Vertical bars
represent �1 standard deviation. MMSE, Mini-Mental State Examination; CVLT, California Verbal Learning Test; BNT, Boston Naming Test.
Source for other published studies: MMSE,37 CVLT,14 Animal Fluency,45 BNT,46 Trail Making Tests A and B.47

Chapter 17: Dementia and cognition in the oldest-old

259



Fatigue in those aged 90þmay be attributable to a
wide variety of factors. For some participants, sensory
deficits may demand additional effort to perceive
the stimulus. For instance, participants with macular
degeneration often report during the examination
that their eyes are tired from the strain, and visually
based tests such as the Boston Naming Test or Trail
Making Tests cannot be completed. Other likely
sources of fatigue include comorbid medical condi-
tions, medications and frailty.

Diagnostic considerations
The effects of sensory deficits, fatigue and medical
comorbidities present a challenge for determining if
dementia or cognitive impairment should be diag-
nosed in a person aged 90 or older. For individuals
who cannot complete cognitive testing, it is often
challenging to determine the nature and extent of
cognitive difficulties. Against a background of medical
illnesses and sensory losses, it is frequently difficult
to determine if functional losses have occurred as a
result of cognitive loss. Moreover, informant reports
are constrained by different individual and cultural
notions of what impairment or decline looks like in
the oldest-old. In addition, current diagnostic criteria
for dementia were developed with populations under
the age of 90, somewhat limiting their applicability to
the oldest-old.

Assigning a diagnosis of dementia or mild cogni-
tive impairment is difficult in the oldest-old, and
identifying an etiology is a further challenge. The
effect of medical comorbidities on cognitive test per-
formance or on the brain itself is not well understood
in this advanced age group. Careful consideration
must be made of the medical history and medication
usage, with an understanding that nonagenarians and
centenarians may have less reserve energy and an
increased sensitivity to medication interactions and
side-effects compared with younger adults.

Neuropathology of dementia
in the oldest-old
The association between clinical dementia and neuro-
pathological features is inconsistent In the oldest-old,
unlike younger age groups where the association
between cognitive functioning and b-amyloid plaque
and neurofibrillary tangle neuropathology has been
well established.48 Approximately half of nonagenar-
ians have clinically diagnosed dementia without any
measured neuropathology generally associated with

dementia.49,50 The inverse has also been found in the
oldest-old: individuals with no significant cognitive
impairment have sufficient neuropathology meeting
criteria for Alzheimer's disease.50–52

Consistent with previous reports, approximately
half of the participants in the 90þ Study diagnosed
with dementia on clinical evaluation subsequently did
not meet pathological criteria for Alzheimer's disease
or other known conditions associated with demen-
tia.53 Yet the study has also identified several individ-
uals with no cognitive impairments but very high
levels of plaque and tangle pathology.54 If amyloid
deposition is not related to cognitive loss and demen-
tia in extreme aging, anti-amyloid therapies currently
under development may have little utility in our
oldest citizens. The development of therapies and
neuropathological diagnostic criteria in this age group
requires considerable research before we can under-
stand the substrates of cognitive loss in the oldest-old.

Successfully assessing cognition
in the oldest-old
The inherent difficulties of working with a population
with high rates of sensory impairment and fatigue,
and limited mobility, do not preclude working suc-
cessfully with the oldest-old. On the contrary, the 90þ
Study provides us with a framework for improving
our understanding of how best to capture the cogni-
tive status of persons over the age of 90.

Based on our experiences with the oldest-old,
we recommend the development of printed instruc-
tions to supplement oral instructions. We also suggest
using abbreviated versions of tests when available to
minimize fatigue and maximize the number of cogni-
tive domains assessed. In considering the diagnostic
difficulties of working with the oldest-old, we recom-
mend that assessments include information from
informants, medical records and other sources to
optimize understanding of cognitive and functional
abilities of those aged 90þ years.

Research considerations
With the challenges described above, missing data
are frequently unavoidable; such missing data are
unlikely to be missed at random. The reasons for
non-completion are informative, and research studies
should consider coding schemes that can capture
reasons for non-completion, such as sensory impair-
ments and fatigue. Order of administration also
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impacts rates of missing data, as does declining cogni-
tion. Figure 17.6 demonstrates that those participants
who complete a test had a higher global cognition
score than non-completers on the same test. As indi-
viduals experience cognitive decline, they may be
more likely to refuse, may experience fatigue more
rapidly in the testing environment and may be less
likely to complete some components of the neuro-
psychological battery.

Conclusions
The oldest-old are the fastest growing segment of the
population in most of the world. Age is the primary
risk factor for dementia, and the rising number of
nonagenarians and centenarians portends an impending
crisis for public health. The cost of caring for the rising
number of those aged 90þ years who develop dementia
in the coming decades will more than double from the
approximately US$1 billion currently spent.55

Compounding this challenge, the etiology and
diagnosis of dementia in this age group is poorly
understood. Screening and diagnostic instruments
require modifications and present challenges for inter-
pretation. Pathologically, levels of amyloid deposition
do not correlate with cognition after age 90, and about
half of demented individuals in this age group do not
have obvious pathologies, such as amyloid plaques,
neurofibrillary tangles or strokes, to explain their
cognitive loss. Population studies in the oldest-old,
particularly those enriched with clinical pathological
investigations, will be essential as we seek to under-
stand the neurobiology of extreme aging.

Investigations such as the 90þ Study are helping
to expand our knowledge of dementia and cognitive
functioning in our oldest citizens. Determining causes
of dementia and identifying risk and protective

factors associated with dementia in the oldest-old will
be key to the development of successful intervention
strategies for this rapidly growing segment of our
population.
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Chapter

18
Slowly progressive dementias
Semantic dementia

John R. Hodges, R. Rhys Davies and Karalyn Patterson

Introduction
Semantic dementia (SD; also known as progressive
fluent aphasia) is regarded as a part of the spectrum
of non-Alzheimer dementias that produce selective
atrophy of the anterior temporal and/or orbitomedial
frontal lobes; these conditions are referred to collect-
ively as either the frontotemporal dementias (FTD)
or frontotemporal lobar degeneration (FTLD) (Neary,
1994; Neary et al., 1998). Although previously thought
to be rare, FTD in fact has about the same prevalence
as Alzheimer's disease (AD) below the age of 65
(Ratnavalli et al., 2002). Three clinical presentations
of FTD are commonly described: a behavioral variant
(bv-FTD), and two language variants, SD and pro-
gressive non-fluent aphasia (PNFA) (Hodges and
Miller, 2001a,b). Since the mid 1990s, research on
SD has produced a great deal of information about
the clinical and neuropsychological features, progres-
sion, anatomy and neuropathology of the condition,
which we attempt to review and synthesize here.

Early history
Although the term “semantic dementia” is recent
(Snowden et al., 1989), the syndrome has been recog-
nized under different labels for over a century.
Between 1892 and 1904, Arnold Pick (1892, 1904)
reported a series of remarkable cases characterized
by progressive amnesic aphasia and changes in behav-
ior; at autopsy these patients had marked atrophy of
the left temporal lobe. Pick was perhaps the first
neuroscientist to draw attention to the fact that pro-
gressive brain atrophy may lead to focal symptoms.
He also made specific and, as we will see below, highly
perceptive predictions regarding the role of the mid-
temporal region of the left hemisphere in the represen-
tation of word meaning. Many other similar cases were

reported in the early twentieth century (Rosenfeld,
1909; Mingazzini, 1913; Stertz, 1926; Schneider,
1927); however, following the early flurry of reports,
interest gradually faded, and Pick's disease was for a
long period regarded as a medical rarity, and further-
more was specifically (and erroneously) associated
with frontal lobe dysfunction.

A renaissance of interest began in the 1970s. The
neuropsychological world became re-acquainted with
the syndrome through the landmark study of Elizabeth
Warrington (1975) who proposed a unifying explan-
ation for the cognitive deficits exhibited by such
patients. Warrington recognized that the associative
agnosia, anomia and impaired word comprehension
in her three patients reflected a fundamental and select-
ive loss of semantic memory (or knowledge). Semantic
memory is the term applied to the component of long-
term memory that represents our knowledge about
things in the world and their inter-relationships, facts
and concepts as well as words and their meanings
(Rogers et al., 2004a).

In the neurological literature, interest in focal
dementia syndromes causing predominant language
impairment was re-awakened by Marsel Mesulam's
1982 report of five patients with progressive loss
of ability to communicate for which he coined the
term primary progressive aphasia (PPA). Many case
reports quickly followed and it became apparent that
PPA actually forms a relatively bimodal distribution
(Mehler et al., 1986; Basso et al., 1988; Poeck and
Luzzatti, 1988; Grossman and Ash, 2004): patients with
effortful speech and progressive breakdown in the syn-
tactic and phonological aspects of language (PNFA),
and those with effortless and phonologically accurate
but empty speech. Like most bimodal distibutions in
the real world, this one also contains at least a smatter-
ing of mixed cases.

In 1989, Julie Snowden and colleagues proposed
the term “semantic dementia” for patients with pro-
gressive fluent aphasia and a loss of comprehension.
Our 1992 report of five cases further clarified the
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clinical and neuropsychological features (Hodges
et al., 1992). Since 1992, we have studied almost 100
such patients and have confirmed the association with
focal atrophy of the temporal lobe involving the tem-
poral pole and inferolateral neocortex. In many cases,
the atrophy is strikingly asymmetric and usually more
severe on the left, but it is always bilateral (Garrard
and Hodges, 2000; Thompson et al., 2003). Other
major developments since the mid 1990s have been
refinement of the cognitive profile of SD, particularly
the impact on reading/writing, object recognition/use,
episodic memory and perceptual abilities; clearer spe-
cification of the distribution of changes on magnetic
resonance imaging (MRI); and the pathological basis
of the condition. In addition there is increasing real-
ization that most, if not all, patients exhibit behavioral
changes, which may be subtle at presentation but
have major consequences for caregivers as the disease
progresses. Another important advance has been the
description of the right-dominant temporal variant of
SD, which has some unique cognitive and behavioral
features.

Clinical features
Patients with SD almost invariably complain of diffi-
culty finding words, often expressed as a “loss of
memory for words.” Insight into these problems is
variable, with a curious distinction between produc-
tion and comprehension – patients frequently think
that the latter is preserved. Carers may report subtle

behavioral changes at or soon after onset, especially in
patients with right-predominant atrophy. Table 18.1
summarizes the key clinical, neuropsychological and
imaging findings in SD.

Anomia
Anomia is perhaps the defining feature of SD, and it
is made especially salient by the fact that the unavail-
able content words (specific nouns, verbs, adjectives)
are replaced and surrounded by speech that is cor-
rectly pronounced and has normal grammatical struc-
ture (though syntax is somewhat simplified relative to
that of normal speakers: (Patterson and MacDonald,
2006). In SD speech, specific and lower-frequency
words such as “kettle” or “zebra” are replaced by more
general and higher-frequency terms like “thing” and
“animal.” Anomia always raises the possibility that
the patient knows about kettles and zebras but cannot
find the specific names for them and so must settle for
more general terms; but in the case of SD, this inter-
pretation would be incorrect. Although patients with
SD (like normal speakers) may occasionally fail to
find a word whose meaning they know, word-retrieval
failure in SD is mainly caused by impoverished
semantic knowledge about the object or concept to
be named. There are several bases for this claim.
(1) A normal speaker in a temporary state of anomia
is very likely to think of the word or name a few
minutes later, and to produce it without hesitation
the next time it is wanted; SD patients, by contrast,

Table 18.1. Key clinical, neuropsychological and radiological findings in semantic dementia

Area Features

Clinical Loss of memory for words

Anomia

Impaired word comprehension

Impaired person recognition (particularly right cases)

Personality changes, notably rigidity, apathy and social withdrawal

Obsessions and stereotyped behaviors

Changes in eating patterns

Good day-to-day memory and spatial abilities

Neuropsychological Impaired category fluency, naming (semantic errors) and word comprehension

Loss of specific fine-grained knowledge with preservation of broad superordinate knowledge

Preservation of non-verbal problem solving, perceptual and spatial ability and working memory

Good episodic memory for non-verbal materials and recent autobiographical memory

Neuroradiological Asymmetric anterior temporal lobe atrophy (typically left> right) involving temporal pole, parahippocampal and
fusiform gyri plus amygdala and anterior hippocampus
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are highly consistent in their failures to retrieve
specific names/words (Lambon Ralph and Howard,
2000). (2) Normal speakers can often be cued, with
the initial sound or two, to retrieve a recalcitrant
word; patients with SD receive strikingly little benefit,
even from cueing with large chunks of the target
word's sound (Graham et al., 1995). (3) Normal
speakers, and even patients with other types of apha-
sia with a less semantic source of anomia, can provide
lots of correct conceptual information about the elu-
sive target word (Lambon Ralph et al., 2000); such
information is rarely if ever forthcoming from a
patient with SD. (4) Sometimes the comments of a
patient with SD reveal how little they know about the
things they fail to name. Patient PS, for example, when
asked to name a picture of a zebra, said “It's a horse,
isn't it?” And then, pointing to the zebra's stripes, she
added “But what are these funny things for?”

As the above explanation of anomia (in terms of
impoverished knowledge) might predict, the patient's
profound anomia is mirrored by problems in com-
prehending content words. This deficit is often not
obvious in conversation, as at first it affects only less-
common words. Furthermore, normal conversation
has a lot of redundancy and in any case does not rely
on every single word being understood. Complex
sentences made up of simple words are usually under-
stood well by those with SD; but less-common words
invariably cause problems, and eventually the patients
even lose all sense of familiarity with many words
(this has been called word alienation [Poeck and
Luzzatti, 1988]). A useful clinical test is to ask the
patient first to repeat a long, unusual word such as
“hippopotamus” or “chrysanthemum,” and then to
define it. Repetition is almost always normal and
rapid, but the definition will be generalized, lacking
in detail and, sometimes, frankly uninformative.

A typical conversation between clinician and patient
illustrates some of these features:
Clinician: “Antelope” – can you say that?
Patient: Antelope, sorry no idea what that is
Clinician: No idea on that one?
Patient: Antelope, it might be an animal
Clinician: Can you describe it?
Patient: No, sorry I can't remember

anything about it.
Although many patients with SD complain ofmemory
loss, this does not reflect a true amnesia. Their ability
to encode and remember day-to-day events in basic
content and temporal/spatial context is, in fact, fairly
well preserved, as will be discussed in more detail

below. To the extent that knowledge – of words and
concepts and facts – is a kind of memory, however,
the patients and their carers are not wrong to com-
plain of a memory problem.

As a disorder of concepts, SD also affects object
use, although this is often subtle in the beginning.
Carers typically report that the patients function nor-
mally with everyday objects at home; and although
formal tests of object knowledge can often reveal
impairment, even at an early stage, the carers' reports
are once again not incorrect. There are two reasons
for this apparent discrepancy. First, the objects that
the patients use appropriately at home are mostly very
common ones, like forks and combs and socks; when
presented with such common objects in formal tests,
the patients are also likely to demonstrate their uses
correctly. It is less-familiar objects, such as a cork-
screw or a stethoscope, on which they fail in formal
assessments. Second, it is now well established that
patients with SD are significantly better at recognizing
and using their own familiar exemplars of everyday
objects than the equally good but unfamiliar exem-
plars with which they are confronted in testing (see
below for fuller discussion).

Behavior and personality change
Behavioral and personality changes are common in
SD. Degraded social functioning results from a com-
bination of emotional withdrawal, depression, disin-
hibition, apathy and/or irritability, as well as the
obvious difficulty in dealing with certain aspects of
social events that might depend on understanding the
things people say and do. Changes in eating behavior
are common, and often seem to reveal themselves in
the development or exacerbation of a sweet tooth.
Usually there is a restriction of food preferences, or
bizarre food choices, rather than the overeating seen
typically in bv-FTD. Loss of physiological drives is
common and includes poor appetite, weight loss and
decreased libido. A new sense of religiosity and/or
eccentricity of dress have also been reported (Edwards
Lee et al., 1997). The right temporal variant of SD,
which appears to have only one-third the prevalence
of left-dominant SD, seems to be more convincingly
associated with behavioral disturbance than the left
(Edwards Lee et al., 1997; Perry et al., 2001; Thompson
et al., 2003; Seeley et al., 2005).

Stereotyped interests
Stereotyped interests often verging on obsessions are
a prominent, but delayed feature, and may reflect the
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predominant temporal lobe involved. A recent study
suggested that in patients with left-predominant SD,
visual objects such as coins or buttons are likely to
become the target stimulus while in the right-sided
variant, the focus is on letters, words and symbols
(e.g. word puzzles, and writing notes to doctors)
(Seeley et al., 2005), although we have observed the
latter in patients with the common left atrophy form.
Clockwatching and an intense interest in jigsaws
is very common (Thompson et al., 2002). Lack of
empathy and mental inflexibility are also commonly
reported by caregivers.

Person recognition
Deficits in person recognition frequently occur at
some stage in the disease (Thompson et al., 2003).
Difficulty with proper names is a ubiquitous feature,
independent of the side of predominant atrophy, but
patients with the rarer right-predominant pattern
may present with a profound difficulty in recognizing
people as well as naming them. Over time, again
largely independent of the balance of left/right hemi-
sphere atrophy, there is cross-modal loss of person
knowledge involving face, name and voice recogni-
tion (Evans et al., 1995; Kitchener and Hodges, 1999;
Gainotti et al., 2003; Thompson et al., 2003).

Maintained skills
All of our description so far has, quite naturally,
emphasized the impairments in SD; however, an
understanding of the nature of any disorder also
requires specification of what is right as well as what
is wrong. Patients with SD have good orientation and
recall of recent life events, together with preserved
visuospatial and topographical abilities. They are typic-
ally able to engage in complex hobbies such as playing
golf or card games and show good practical skills.

Neuropsychological findings
Patients with SD are (by definition) impaired on tests
of semantic memory. This is most apparent on tasks
that require verbal output such as object/picture
naming, category fluency (in which subjects are asked
to produce as many examples as possible in 1 minute
from a specified conceptual category, such as animals
or musical instruments), and the generation of verbal
definitions to words and pictures. The pattern of
errors on these tasks reflects a loss of fine-grained
or attribute knowledge, with relative preservation of
broad superordinate information. Where anomia in

SD has been studied longitudinally (e.g. Hodges et al.,
1995; Patterson et al., 2008), it seems to evolve in the
following sequence, which fits the description of grad-
ually deteriorating differentiation amongst related
concepts. First the target object may be named as a
semantically similar category coordinate (e.g. zebra!
“giraffe”); then as a much higher-familiarity member
of the category (e.g. zebra! “horse”); then as the
superordinate category name (e.g. zebra! “animal”);
and then as a rather vague circumlocution, often with
a personal context (e.g. zebra! “it's one of those
things, I saw them on the television last night”); the
late stage is characterized by an inability to say any-
thing at all (zebra! “I don't know”). Although tests
that require speech output are most sensitive at early
and middle stages of SD, it is other tests – involving
forced-choice responding in a comprehension task
such as word–picture, word–word or picture–picture
matching on a semantic basis – that can track the
continued decline of conceptual knowledge once
the patients can no longer name almost any objects.

The semantic memory battery developed in
Cambridge involves a single set of items (64 in the
current version) that are used to assess the status of
conceptual knowledge via different modalities of input
and output. The tasks in the battery include category
fluency, picture naming, naming in response to verbal
descriptions, word–picture matching, picture and word
sorting and a probed semantic attribute questionnaire.
The battery has proven useful in the evaluation of
patients with all forms of FTD as well as AD (Hodges
and Patterson, 1995, 1996; Hodges et al., 1996, 1999a;
Rogers et al., 2006).

Non-verbal semantic knowledge is always less easy
to assess. In the Pyramids and Palm Trees Test
(Howard and Patterson, 1992), the subject is asked
to select one of two response pictures on the basis of
its associative relationship to a third, target picture
(e.g. on one trial, the correct choice to go with the tree
is the apple rather than the onion – both roundish
things to eat – because apples but not onions grow on
trees). This test certainly reveals deficits for patients
with SD who are moderately or severely impaired but
is not especially sensitive to mild impairment. In
order to demonstrate that the semantic impairment
even early in SD indeed represents deterioration of
central, cross-modal knowledge, and is not simply
a language disorder, we have developed a range of
other non-verbal tasks, including (1) a more difficult
version of Pyramids and Palmtrees (the Camel and
Cactus test); (2) matching of object pictures to their
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characteristic sounds; (3) matching of manufactured
artefacts (like a vegetable peeler or a hammer) to their
typical recipients or to other objects that could
be used for the same purpose; (4) coloring in of
line drawings of objects with characteristic colors;
(5) selecting the correctly colored animal/object;
(6) selecting the correct version of a pictured object
or animal from two alternatives when one has been
altered in some way (e.g. an elephant with a monkey's
ears); (7) delayed copying of line drawings; and so on.
Patients with even very early SD, who have minimally
or even unimpaired performance on easy semantic
tasks such as picture-to-word matching, invariably
show deficits on many of these non-verbal tasks
(Hodges et al., 2000; Bozeat et al., 2002a,b, 2003;
Rogers et al., 2003, 2004b; Ikeda et al., 2006; Patterson
et al., 2006).

Tests of these kinds for patients with SD, whether
verbal or non-verbal, should wherever possible be
designed in a fashion that takes account/advantage of
the patients' well-established sensitivity to the typicality
structure of any domain of knowledge (Patterson et al.,
2006). For example, two trials of our object decision
task (task (6) above) are illustrated in Fig. 18.1. In each
pair of animals, one is pictured with an elephant's
ears and one with a monkey's ears, and it should be
apparent to the reader which item in each pair is the
correct choice! What may be less apparent is the
following. Small (monkey) ears are typical of mammals,
whereas large, floppy (elephant) ears are very unusual.
Of course each animal becomes incorrect when it
dons the other one's ears; but this ear-swap makes

the monkey less typical of its animal brethren but
makes the elephant more typical. As we predicted,
and as shown in Fig. 18.2a, this manipulation has a
major impact on the success of patients with SD when
they are asked to decide which picture is the real
thing. If their inclination to accept typical things
coincides with the correct answer, they perform well;
but if correct and typical are pitted against one
another, the patients – especially the ones with more
severe dysfunction, and especially when they are asked
to recognize lower-familiarity objects – are often lured
away from the correct to the typical.

These three factors – (1) the frequency or famil-
iarity of the whole item, (2) the extent to which the
components of the item have a structure typical of the
domain, and (3) the severity of the patient's semantic
deficit – turn out to be powerful and pervasive pre-
dictors of cognitive performance by patients with SD
in virtually every cognitive ability that we have been able
to assess (Rogers et al., 2004a; Patterson et al., 2006).
For example, as shown in Fig. 18.2 along with object
decision performance, the same pattern holds true
for the task known as lexical decision. In our version
of this task, the patient looks at two variations of a
printed word, one real and one made-up, with the
same manipulation as the one described for the pic-
tures of elephants and monkeys, but here in the
orthographic domain. That is, in one condition (e.g.
SHOOT and SHUIT) the real word has a more typical
spelling pattern than the non-word alternative; in
the contrasting condition (e.g. FRUIT and FROOT)
the real word is less typical of English spelling.

Fig. 18.1. Examples of stimulus pictures used
to assess object decision in patients with
semantic dementia. The NR> R pairs, like the
two elephants, are cases where the non-real
picture is more typical of the concept's domain
than the real version. In R>NR pairs, like the
two monkeys, typicality favors the real rather
than the non-real picture. (From Rogers et al.
[2004b] with permission from Informa
http://www.informaworld.com.)
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As Fig. 18.2 demonstrates, this manipulation has a
marked impact on performance by patients with SD.
The more severely affected patients are so strongly
drawn to typicality that, for lower-frequency words,
the FRUIT/FROOT condition actually results in
below-chance performance. The relevance of word-
specific semantic knowledge to this phenomenon is
attested not only by the strong correlation with sever-
ity of semantic decline, but also by the occasional
comment of patients with SD when they are asked
to perform this lexical decision task, for example “I
don't know what that word means, so how can I say if
it is real?” As demonstrated in Patterson et al. (2006),
the same three factors determine levels of success in
other simple tasks like reading words aloud, writing
them to dictation and turning stem (present-tense)

forms of verbs into their past-tense forms. Here the
patient is lured not by a more typical alternative
presented by the experimenter but by his/her own
knowledge of the typicality structure of the relevant
domain. Thus, again, especially for lower frequency
words and more semantically impaired patients, atyp-
ical or irregular words are very often “regularized”:
for example, the written word PINT is read aloud as if
it rhymed with “mint;” the spoken word “fruit” is
written FROOT or FRUTE; and when patients with
SD are asked to put the sentence “Today I grind the
coffee” into the past tense, they are very likely to say
“Yesterday I grinded the coffee.”

We have been discussing SD deficits on verbal
and non-verbal tasks as if they were all part of the
same general phenomenon, which is indeed our
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Fig. 18.2. Assessment in decision
experiments. (A) Results from the object
decision experiment of Rogers et al. (2004b).
On the x-axis, the label R>NR, HiF indicates
pairs in which the real object is more typical
and the object/concept is of high familiarity
(HiF); R>NR, LoF indicates lower familiarity
(LoF) objects with the same typicality structure
to the pair. NR> R, HiF and NR> R, LoF are
pairs in which the non-real object is more
typical, of higher and lower familiarity,
respectively. Performance of normal controls is
represented by the light grey bars at the top
of the graph. Results for the patients with
semantic dementia are plotted separately for
those with milder semantic deficits (Better
WPM) and those with more severe semantic
impairments (Worse WPM). WPM refers to
Word–Picture Matching, a test of concept
comprehension. The dotted line at 0.5 on
the y-axis indicates chance performance.
(B) Results from the lexical decision
experiment of Rogers et al. (2004b). The stimuli
in this test comprised printed words rather
than pictures, but the structure of the figure
and the meanings of the symbols are all
identical to those for object decision (A).
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interpretation. In other words, we argue that, within
the widespread semantic network in the brain, the
anterior temporal lobe represents the component that
coordinates and links information from all modalities
of input and to all modalities of output, and whose
deterioration will, therefore, have similar conse-
quences for both objects and words. By contrast,
other cognitive theorists maintain that object and
word knowledge are represented in separate brain
systems/regions, and they would, therefore, conclude
that patients with SD revealing impairments of both
have two separate deficits (Mesulam, 2001). In one
study designed to yield evidence germane to these
contrasting views, we evaluated definitions of con-
crete concepts provided by patients with SD in
response to either the name or the picture of the same
item from our semantic battery. The view that there
are separate verbal and visual semantic systems pre-
dicts no striking item-specific similarities across the
two conditions. In keeping with our expectation,
however, there was a highly significant concordance
between definition success to words and pictures
referring to/depicting the same item. The number of
definitions containing no appropriate semantic infor-
mation was significantly greater for words than for
the corresponding pictures, which theorists preferring
the multiple-systems view might interpret as indicat-
ing relative preservation of visual semantics; however,
we argue that it is open to the following alternative
account (Lambon Ralph et al., 1999, 2001; Rogers
et al., 2004a). The mapping between an object (or
picture of it) and its conceptual representation is
inherently different from the mapping between word
and concept. Although not everything about objects
can be inferred from their physical characteristics,
there is a systematic relationship between many of
the sensory features of an object or picture and its
meaning. Such systematicity is totally lacking for
words: phonological forms bear a purely arbitrary
relationship to meaning. When conceptual knowledge
is degraded, it, therefore, seems understandable that
there should be a number of instances where a
patient would be able to provide some, even though
impoverished, information in response to the picture
but draw a complete blank in response to the object's
name.

Recent investigations of object usage in SD shed
further light on this debate. Some theorists have
claimed that there is a separate “action semantic”
system, which can be spared when there is insufficient
knowledge to drive other forms of response: not only

naming but even non-verbal kinds of responding like
sorting, word–picture matching or associative match-
ing of pictures or words (e.g. Rothi et al., 1991;
Buxbaum et al., 1997; Lauro-Grotto et al., 1997). This
view is promoted by anecdotal reports that patients
with SD who fail a whole range of laboratory-based
tasks of the latter kind still function fairly normally in
everyday life (e.g. Snowden et al., 1995). Systematic
examination of object usage reveals a more complex
and interesting pattern. Patients with SD were asked
to demonstrate the use of everyday objects such as a
bottle opener, a potato peeler, a box of matches. The
patients also performed a series of other semantic
tasks involving these same objects, including naming,
matching a picture of the object to a picture of the
location in which it is typically found (a potato peeler
with a picture of a kitchen rather than a garden) or to
the normal recipient of the object's action (a potato
peeler with a potato rather than an egg). Additionally,
the patients performed the novel tool test designed
by Goldenberg and Hagmann (1998), in which suc-
cessful performance must rely on problem solving
and general visual affordances of the tools and their
recipients, since none of these corresponds to real,
familiar objects. We found both a striking degree of
impairment in the use of these objects and a strong
concordance between the patients' ability to use a
specific object and their conceptual knowledge of it
as indexed by performance on the other semantic tasks
(Hodges et al., 1999b, 2000; Bozeat et al., 2002b). Apart
from the predictability offered by the patients' residual
semantic knowledge of the objects, degree of success/
failure in using objects appears to be explicable in
terms of two other factors. First, the parts and structure
of some (but not all) objects give good clues to their
function, and patients with SD usually have good
problem-solving skills. Even in the face of degraded
object-specific knowledge, therefore, the patients can
often work out how to use those objects that have a
systematic relationship between structure and function.
Second, as mentioned in the clinical features above,
success with objects is significantly modulated by
factors of exemplar-specific familiarity and context.
As demonstrated by the ingenious experiments of
Snowden et al. (1994), a patient who knows how
to use her own familiar kettle in the kitchen may
fail to recognize and use the experimenter's (equally
kettle-like but unfamiliar) kettle in the kitchen, or
even the patient's own kettle when it is encountered
out of familiar context, for example in the bedroom.
This effect of object familiarity was replicated by
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Bozeat et al. (2002a), who were also able to retrain a
patient to use a set of everyday items in her own home
that she had “forgotten” how to use. Disappointingly,
however, such re-acquired knowledge in SD appears
not to generalize well and to last for a few weeks only
unless constantly practiced (Graham et al., 1999a;
Bozeat et al., 2002b).

As mentioned in the clinical features above,
patients with SD are characteristically well orientated
and have reasonably good recall of recent personal
events (Graham et al., 1999b). This distinctive preser-
vation is, however, not so easy to document empiric-
ally. Performance on tests of verbal anterograde
memory, such as logical memory (story recall) and
word-list learning, is uniformly poor and is, in part,
secondary to the patients' poor semantic knowledge of
the words to be encoded; however, semantic impair-
ment is perhaps not the whole explanation for the
impaired verbal memory in SD. Graham et al. (2002)
compared the ability of patients with SD to learn and
remember two lists of words selected individually
for each of seven patients. For each patient, one list
consisted of “known” words for which he or she could
still provide quite a lot of appropriate information;
another list of “degraded” words, matched for fre-
quency with the “known” words, consisted of items
for which the patients had at best only partial under-
standing. Although there was the expected advantage
in both recall and recognition for “known” over
“degraded” words, the patients' verbal memory even
for “known” words was considerably impaired rela-
tive to controls. This result is in keeping with the
anatomical finding of left hippocampal atrophy and
hypometabolism in SD (Galton et al., 2001; Nestor
et al., 2002; Davies et al., 2004).

By contrast, patients with SD often score within
the normal range on non-verbal memory tests such as
recall of the Rey Complex Figure (Hodges et al.,
1999a). They also show excellent recognition memory
when realistic pictures of objects are used as the
stimuli, although it has been recently demonstrated
that the patients' success in this task relies heavily
upon perceptual information. Graham et al. (2000)
assessed recognition memory, again for “known” and
“degraded” items, this time with pictures and with an
additional experimental manipulation. For some of
the target items, the two pictures of the item pre-
sented at study and at test were perceptually identical
(e.g. the same telephone); for others, two different
exemplars (i.e. telephones of different colors/shapes)
were viewed at study and test. Patients with SD

showed near perfect recognition memory for both
known and degraded items in the perceptually identi-
cal condition, but were significantly impaired in
recognizing perceptually different pictures of objects
for which they had degraded conceptual knowledge.
Similar results were obtained using photographs of
“known” and “degraded” famous faces (Simons et al.,
2001). Both of these studies concluded that patients
with SD are unusually reliant upon perceptual inputs
to medial temporal episodic memory structures,
whereas normal subjects can use both semantic and
perceptual features to encode new information. This
account also helps to explain the poor recognition
memory for words in SD, even those still relatively
“known” to the patients: words have very little dis-
tinctive perceptual content/quality.

On tests of autobiographical memory, patients
with SD show a unique pattern. Whereas patients
with the amnesic syndrome resulting from hippo-
campal damage (following anoxic brain damage or
in the early stages of AD) typically have significantly
impaired memory for their recent life events but rela-
tively preserved autobiographical memory for earlier
phases of their lives (Greene et al., 1995), patients with
SD show a reversal of this typical temporal gradient:
that is, in SD, memory for remote events is most
vulnerable (Graham and Hodges, 1997, 1999; Hodges
and Graham, 1998; Nestor et al., 2002). This finding
has been somewhat controversial, with some authors
claiming that the reverse gradient is artefactual
and is more a reflection of the patients' language
capacity than their memory, while other groups have
confirmed the original finding (Piolino et al., 2003;
Westmacott et al., 2004).

One simple interpretation of this outcome is that
old episodic and semantic memories are essentially
the same type of memory. A number of theorists have
argued that repeatedly rehearsed episodes have the
status of semantic knowledge and that general semantic
information is merely the residue of numerous
episodes (McClelland et al., 1995). This proposal
awaits further analysis and experimental evaluation,
although researchers' efforts to devise comparable
tests of semantic versus episodic memory are always
hampered by fundamental differences in the nature of
the information about general concepts/facts versus
personal events. In any case, the relatively preserved
recent autobiographical memory observed in SD sug-
gests that the mechanisms for encoding new episodic
memories may not be disrupted in SD. If true, this
would run counter to Tulving's (1995) influential
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theory of long-term memory organization, which
asserts that episodic memory is essentially a subsys-
tem of semantic memory, and that new episodic
learning is dependent upon semantic knowledge of
the items/concepts involved in the episode (Hodges
and Graham, 2001; Simons et al., 2002).

Structural and functional
imaging studies
The most striking and consistent neuroanatomical
finding in SD is focal, often severe, often asymmetric
(typically left more than right) atrophy of the anterior
portion of the temporal lobe. Early studies, based
upon visual inspection, suggested involvement of the
polar and inferolateral regions with relative sparing of
the superior temporal gyrus and of the hippocampal
formation (Hodges et al., 1992). More recent studies
using methods of quantification (both voxel-based
morphometry and manual volumetry of defined ana-
tomical structures) have clarified a number of issues.
First, although defects may appear to be strikingly
unilateral, volumetric assessment establishes that, even
if asymmetric, atrophy is bilateral in all cases, even
early in the course of the disease (Chan et al., 2001;
Galton et al., 2001; Davies et al., 2004). Second, the
regions most profoundly affected are the temporopolar
and perirhinal cortices (Galton et al., 2001; Rosen et al.,
2002; Davies et al., 2004; Gorno-Tempini et al., 2004).
Third, the degree of anterior temporal atrophy correl-
ates with the extent of semantic impairment (Galton

et al., 2001; Davies et al., 2004; Williams et al., 2005).
Typical MRI images are shown in Fig. 18.3.

The status of the hippocampus and functionally
related parahippocampal structures (notably the
entorhinal cortex) has been a topic of debate, particu-
larly given relatively good episodic memory in SD.
Despite previous reports of relative sparing of the
hippocampus (Mummery et al., 1999), volumetric
analyses have shown asymmetric atrophy of the hippo-
campus, which, on the left, is typically as severe if not
more so in SD than in AD when patients are matched
for disease duration (Galton et al., 2001; Davies et al.,
2004). The appearance of “relative” preservation of
medial temporal structures results from the profound
atrophy of surrounding structures: in SD, the volume
loss of the temporopolar and perirhinal cortex aver-
ages 50%, compared with 20% for the hippocampal
region. In AD, by contrast, the 20% loss of hippocampi
stands out against the relatively normal polar and
inferolateral structures (Galton et al., 2001). There is
also a rostral–caudal (front–back) difference between
SD and AD. In AD, the loss of volume tends to be
symmetrical in terms of both left–right and rostral–
caudal distribution. In SD, by contrast, there is both
lateralized asymmetry (usually, though not always,
left more than right) and front–back asymmetry
(virtually always rostral greater than caudal) (Chan
et al., 2001; Davies et al., 2004). The entorhinal cortex,
which constitutes a major component of the parahip-
pocampal gyrus, is also severely affected in SD, par-
ticularly in the rostral portion (Davies et al., 2004).
The perirhinal cortex has a complex anatomy in

Fig. 18.3. Representative magnetic resonance imaging (MRI). (A) Coronal MRI brain slice showing temporopolar atrophy, more severe
on the left. (B) More posterior slice showing atrophy of inferior temporal regions including the perirhinal cortex
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humans, occupying the banks of the collateral sulcus
and medial aspect of the temporal lobe (Insausti et al.,
1998). It is cytoarchitectonically continuous with the
temporopolar cortex, which should be considered as
part of the same cortical region in terms of connect-
ivity (Insausti et al., 1998). We have shown that the
temporopolar–perirhinal cortex is severely affected
in SD but spared in early AD (Davies et al., 2004).
The amygdala is also consistently involved in SD
(Rosen et al., 2002).

Neuropathology
The neuropathology of FTD has become an increas-
ingly complex issue, with the recent identification of
four basic patterns (McKhann et al., 2001; Cairns et al.,
2004; Hodges et al., 2004; Knopman et al., 2005; Mott
et al., 2005). The first is a tau-positive subgroup,
which is also made up of further subdivisions: classic
Pick's disease with tau- and ubiquitin-positive spher-
ical cortical inclusions best seen in the hippocampal
dentate gyrus and frontotemporal cortex; familial
FTD with characteristic tau-positive inclusions in
neurons and glial cells; and corticobasal degenera-
tion with tau-positive inclusions, swollen acromatic
neurons and astrocytic plaques. A second subgroup is
characterized by ubiquitin-positive inclusions, ini-
tially reported in the context of motor neuron disease
(MND) but subsequently found in many cases of FTD
without MND in vivo; these ubiquitin inclusions are
typically found in cortical layer II and hippocampal
dentate granule cells. The third subgroup is neuronal
intermediate filament inclusion disease and, finally,
there is microvacular degeneration and gliosis lacking
distinctive inclusions.

Until recently, data on the neuropathological basis
of SD was extremely sparse, consisting largely of single
case reports (Garrard and Hodges, 2000; Hodges et al.,
2004; Davies et al., 2005). It was generally assumed to
represent a form of FTD, but positive evidence for this
was largely lacking. We have recently reported the
findings in 18 patients from Cambridge and Sydney,
all of whom were studied longitudinally. The majority,
13/18, had ubiquitin-positive pathology. Interestingly,
one of these patients developed clinical MND late
in the course of his illness, and another had a family
history of MND. Of the five not characterized
by ubiquitin pathology, three had classic Pick body-
positive FTD and two had Alzheimer pathology. With
the benefit of hindsight, one of the two whose autopsy
revealed AD pathology should probably not have

been included in an SD sample since his MRI was
atypical, showing extensive white matter pathology
in the temporal lobe as well as an unusual degree
of posterior extension of the atrophy. He had severe
AD pathology with congophilic angiopathy. He was
included in the series because the consensus criteria
are, at present, entirely clinical and do not mandate
any particular radiological changes. We have sug-
gested that inclusion criteria for SD should perhaps
now include the typical pattern of anterior temporal
lobe atrophy (Davies et al., 2005). Since the comple-
tion of this study, the two further patients with SD who
have died in Cambridge both had ubiquitin-positive
pathology. Therefore, based on our personal experi-
ence, the association of SD with ubiquitin-positive
FTD is strong, with about an 80% probability. Repre-
sentative illustrations of the pathology in SD are shown
in Fig. 18.4.

Prognosis
The prognosis of FTD in general is highly variable
from patient to patient. In a series of 61 mixed FTD
cases coming to autopsy from Sydney and Cambridge,
the mean age of diagnosis was 61.5 years (�7.7), with
an average of 3 years of symptoms prior to diagnosis
(Hodges et al., 2003). Survival averaged 4 years from
diagnosis, resulting in an average of 7 years from
symptom onset to death. This large FTD series con-
tained only nine with SD, but their survival statistics
were identical to that of the overall group. In a subse-
quent extension of this series to 18 autopsy-confirmed
SD cases, the survival from symptom onset varied
from 2 to 19 years, with a mean of 9.3 years, suggest-
ing a slightly less rapid course than was apparent from
the earlier study (Davies et al., 2005).

Management
There is, at present, no effective disease-modifying
treatment for patients with this devastating and pro-
gressive disorder. Associated affective and behavioral
symptoms may require drug treatment with either
a selective serotonin-reuptake inhibitor or low-dose
neuroleptic medication. In all cases, a multidisciplin-
ary approach is required with support for the patient,
spouse and other family members. With progression
of the dementia, input from professions allied to
medicine (speech and language and occupational
therapy) is vital. The issue of whether patients benefit
from a cognitive rehabilitation approach is open
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Fig. 18.4. Microscopic photographs (� 200) showing
the pathological features of semantic dementia.
(A) Frontotemporal dementia with ubiquitin inclusions:
ubiquitin immunohistochemistry preparation
of hippocampal dentate gyrus showing intraneuronal
deposits (motor neuron disease inclusions). (B) Pick's disease:
tau immunohistochemistry preparation of hippocampal
dentate gyrus showing Pick bodies. (C) Alzheimer's disease:
b-amyloid 4 immunohistochemistry preparation of
neocortex showing amyloid plaques.
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to debate since little empirical research has been
conducted. Single case studies have shown that patients
can relearn “lost” vocabulary and regain some know-
ledge of object usage, but the benefit is short lived and
appears not to generalize beyond the specific training
situation (Graham et al., 1999a; Bozeat et al., 2004).
Clearly much more work is required on ways to help
these patients.
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Chapter

19 Progressive non-fluent aphasia

Jennifer Ogar and Maria Luisa Gorno-Tempini

Introduction
Aphasia has long been recognized as a common
language disorder typically resulting from acute left
hemisphere lesions, often caused by strokes. A pro-
gressive form of aphasia was first described over a
century ago by Arnold Pick, the famed Prague
neurologist, who detailed the language deficits in his
initial group of patients (Pick 1892). The modern
term, progressive aphasia, was introduced by Marsel
Mesulam in 1982 in a landmark paper in which he
described six patients who presented with language
deficits in the absence of other behavioral abnormal-
ities. This progressive disorder was clinically distinct
from other dementing processes, such as Alzheimer's
disease (AD), because language complaints, rather
than memory problems, were the most salient symp-
toms. Speech or language deficits remained the only
impairment for the first 2 years in these patients,
but as the disease progressed more generalized states
of dementia became apparent.

Since then, numerous cases of what is now
termed primary progressive aphasia (PPA) have been
described, in which patients present with both fluent
and non-fluent variants of the disorder (Deleceuse
et al., 1990; Weintraub et al., 1990; Snowden et al.,
1992, 1996; Mesulam 2001; Gorno-Tempini et al.,
2004a). The non-fluent variant, known as progressive
non-fluent aphasia (PNFA), is important clinically
because speech problems are often the first symptoms
of neurodegenerative diseases, such as frontotemporal
lobar dementia (FTLD) and corticobasal degeneration
(CBD) (Tyrrell et al., 1991; Broussolle et al., 1996;
Chapman et al., 1997; Gorno-Tempini et al., 2004b).

Currently, PNFA is a clinical diagnosis used to
describe patients who initially show isolated speech
or language problems that result in non-fluent language

output (Neary et al., 1998). Speech is generally slow,
halting and effortful and patients arrive at clinics
typically complaining of articulation or word-finding
problems (Grossman et al., 1996; Hodges and Patter-
son 1996; Neary et al., 1998). Memory, visuospatial
skills and judgement, which can be impaired in other
dementias such as AD, are spared in patients with
PNFA, at least initially. Among the PPA variants,
PNFA (or “PPA with agrammatism”) is the most
common (Mesulam and Weintraub 1992; Mesulam
et al., 2003).

In the years since Mesulam's initial paper (1982),
there has been much confusion surrounding the
classification of PPA, often because the name serves
only as a clinical diagnosis and does not specify an
underlying etiology. The causes of PPA vary. Some
have argued that the disorder should be considered
a variant of AD, CBD or FTLD, because patients
with PPA have been found at autopsy to have all
these neuropathologies. Recent reports have sug-
gested that CBD is the most common clinical evolu-
tion and pathological diagnosis associated with PNFA
(Gorno-Tempini et al., 2004b; Kertesz 2005). How-
ever, other neuropathologies are not uncommon and
include dementia lacking distinctive histopathology
(DLDH) (Turner et al., 1996) and Pick's disease,
characterized by tau-positive neuronal inclusions
(Mesulam and Weintraub 1992; Galton et al., 2000).
Patients with PNFA have also shown unusual distri-
butions of the senile plaques and neurofibrillary
tangles seen in AD (Galton et al., 2000).

This chapter will provide a basic definition of
PNFA and diagnostic criteria for the disorder, as well
as classic clinical presentations. Basic demographic
information, neuroimaging correlates and pathological
diagnosis associated with PNFA will also be reviewed,
along with current treatment options. Variants of
PPA will be described, and finally, a case study will
illustrate the manifestations of PNFA in a patient who
evolved to have corticobasal degeneration syndrome
(CBDS).
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Progressive non-fluent aphasia
Basic definition and diagnostic criteria
Progressive non-fluent aphasia is characterized by
slow spontaneous speech, agrammatism in produc-
tion and/or comprehension, anomia and phonemic
paraphasias, in the presence of relatively spared word
comprehension (Hodges and Patterson 1996; Grossman
et al., 1996; Neary et al., 1998; Gorno-Tempini et al.,
2004a). Patients may present with a Broca's-like
aphasia, using simplified sentences of decreased
phrase length. Speech is slow and apraxia of speech
and/or stuttering are common complaints. Patients
often describe word-finding deficits, although it is
difficult to determine if this symptom is the result
of a semantic/lexical impairment or an underlying
speech production problem. Sentence comprehension
may be impaired for the most difficult syntactic
constructions, such as negative passives (e.g. “The girl
was not hit by the boy”). As the disease progresses,
patients can begin to show signs of a frontal executive
disorder: poor thought organization, severe frustra-
tion, depression and mild disinhibition may accom-
pany predominant speech and language symptoms
(Neary et al., 1998).

Researchers have noted that PPA symptoms are
often misattributed to stress, anxiety or depression
(Mesulam 1982). In an effort to improve the recogni-
tion of variants of FTLD, of which PNFA is one
presentation, widely-used diagnostic criteria for PNFA
were agreed upon by Neary and collegues in 1998
(Table 19.1). Other clinical forms of FTLD include:
frontotemporal dementia (FTD), which is character-
ized by progressive behavioral changes, and semantic
dementia (SD), which is associated with loss of word,
face or object meaning, with preserved fluency and
syntactic abilities (Table 19.1).

To clarify the meaning of the core diagnostic
features associated with PNFA, Neary and collegues
(1998) included explicit descriptions of commonly
used characteristics. “Non-fluent speech,” as defined
by the criteria, refers to hesistant, effortful production
with reduced speaking rate. “Agrammatism” refers
to the omission or inappropriate use of grammatical
words such as articles, prepositions and auxiliary
verbs. Patients with PNFA may retain some simplified
syntax, so that the term “mild grammatism” may be
more descriptive than the more complete agramma-
tism, which characterizes patients with Broca's aphasia
caused by stroke. In one study, only 6.4% of 47 patients
with PNFA presented with agrammatism (Clark et al.,

2005). These authors raise the possibility that non-
fluency in progressive aphasia may arise from articu-
lation deficits, as opposed to the true linguistic
agrammatism that characterizes non-fluent Broca's
aphasia (Clark et al., 2005).

Agrammatism is often apparent in conversation
or in structured tasks such as a picture description.
For example, when asked to describe the picnic scene
from the Western Aphasia Battery (WAB) (Kertesz
1980), one patient with PNFA, gave the following
narrative:

Um . . . a boy flying kite . . . a dog is (unintelligible) by him.
The sailboat is in the water. The jetski is um . . . in the
water . . . The bucket and pail . . . um . . . sand, the sand.
The flag is on the pole, um, the uh, the couples on the
blanket . . . The tree, beyond the tree, below the tree,
the radio is going . . .

Table 19.1. Clinical diagnostic features of progressive
non-fluent aphasia

Features

Core diagnostic
features

A. Insidious onset and gradual progression

B. Non-fluent spontaneous speech with at
least one of the following: agrammatism,
phonemic paraphasias, anomia

Supportive
diagnostic
features

A. Speech and language

1. Stuttering or oral apraxia

2. Impaired repetition

3. Alexia, agraphia

4. Early preservation of word meaning

5. Late mutism

B. Behavior

1. Early preservation of social skills

2. Late behavioral changes similar to
frontotemporal dementia

C. Physical signs: late contralateral primitive
reflexes, akinesia, rigidity and tremor

D. Investigations

1. Neuropsychology: non-fluent aphasia
in the absence of severe amnesia or
perceptuospatial disorder

2. Electroencephalography: normal
or minor asymmetric slowing

3. Brain imaging (structural and/or
functional): asymmetric abnormality
predominantly affecting the dominant
(usually left) hemisphere
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Phonemic paraphasias, also typically heard in the
speech of PNFA patients, are errors in which the
incorrect sound is used within a word (e.g. “tittle”
for “little,” or “label” for “table”). Anomia refers to
the naming deficit. Patients with anomia have diffi-
culty finding the correct word, which results in long
pauses during spontaneous speech or the selection of
a wrong word (Neary et al., 1998). The most typical
clinical presentation of PPA often begins with anomia,
which then progresses to a non-fluency (Kertesz et al.
2003). In fact, Mesulam's initial patients presented
with anomic aphasia (Mesulam 1982). Often it can
be difficult to discern whether speech errors are
caused by motor speech problems, such as speech
apraxia or dysarthria, or whether they result from
anomic hesitations and pauses. The following WAB
picnic scene description from another patient with
PNFA illustrates anomic production, with phonemic
paraphasias in a structured speech task:

The b,boy fly, flying a kite. The t . . . dog and maybe the
kite might come back down here and maybe the dog to try
and catch it and these people on the /se/, sailboat . . . Then
I don't know what there, there . . . There's a /banket/ in
/spe/ and a bucket . . . a . . . a . . . shes p . . . p . . . pouring
coke for a . . . a . . . um . . . like the . . .

Patients with PNFA may present with alexia
(impaired reading) and/or agraphia (impaired writing)
(Neary et al., 1998). Neuropsychological testing can
be difficult to interpret, particularly the Mini-Mental
Status Examination (MMSE), since such tests have
verbal instructions or require verbal responses (Mesu-
lam et al., 2003). Also, traditional aphasia batteries
such as the WAB, or the Boston Diagnostic Aphasia
Evaluation (BDAE), originally created for vascular
aphasic patients, often fail to distinguish between vari-
ants of PPA.

Neuroimaging and the neurological
evaluation
Neuroimaging, using magnetic resonance imaging
(MRI), single-photon emission computed tomog-
raphy (SPECT) or positron emission tomography
(PET), is typically part of the diagnostic work-up for
possible PNFA, with MRI being particularly sensitive
to temporal neocortical atrophy and SPECT helping
to reveal functional, blood flow changes prior to atro-
phy. At times, results from these studies are normal,
or they may identify lateralized, bilateral or diffuse
damage (Westbury and Bub 1997). Neuroimaging

helps to exclude other potential causes of neurologic
change, such as tumor, stroke or arteriovenous
malformations.

Typically, specific regions within the speech and
language network are damaged in PNFA. Left frontal
hypometabolism has been documented in PNFA by
a number of investigators using PET (Tyrrell et al.,
1990, 1991; Grossman et al., 1998; Nestor et al.,
2003). Studies using voxel-based morphometry
(VBM) have found atrophy in the left inferior and
middle frontal gyri, motor and premotor cortex and
anterior insula regions (Nestor et al., 2003; Gorno-
Tempini et al., 2004c). These regions are thought
to underlie motor speech and syntactic processing.
Apraxia of speech, a common symptom of PNFA,
has been associated with damage to the left precen-
tral gyrus of the insula in stroke patients (Dronkers
1996). Left insular neuronal loss was also reported in
a patient with PNFA and AD pathology (Harasty
et al., 2001).

Though studies support left greater than right
hemisphere damage in PNFA, it is important to note
that bilateral damage is common (Westbury and Bub
1997). For example, in a review of the literature,
Westbury and Bub (1997) found that functional
imaging showed changes that were restricted to the
left hemisphere in only 69% of patients with PPA,
meaning that 31% had bilateral damage. Such a find-
ing suggests that the diseases causing PNFA are not
restricted to the left hemisphere.

The neurological evaluation often reveals mild
motor symptoms in PNFA, usually localized to the
right hand or the right side of the body (Kertesz et al.,
2003; Kertesz and Munoz 2004). Patients with PNFA
may show diffuse motor slowing, reduced dexterity
and mild rigidity. Limb apraxia is a relatively frequent
finding and is one of the two non-language symptoms
(along with acalculia) that can be present early in
the disease (Neary et al., 1998). Impaired gestural
imitation (apraxia) is consistent with disruption to
a left parietofrontal network (Joshi et al., 2003).
A number of studies have described a progression
that involves extrapyramidal symptoms with dystonia
and alien limb phenomenon, providing further
evidence that PNFA and CBDS can present in the
same patient at different stages of the same disease
(Gorno-Tempini et al., 2004c; Kertesz et al., 2003;
Kertesz 2005; Knibb et al., 2006). Buccofacial apraxia
and dysarthria can also co-occur in patients with
PNFA (Tyrrell et al., 1990; Caselli and Jack 1992;
Grossman et al., 1996).
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Pathology
Autopsy studies have found numerous neuropatholo-
gical changes associated with PNFA, with tauopathies
being the most common (Kertesz et al., 2003; Kertesz
2005; Josephs et al., 2006; Knibb et al., 2006). Diseases
associated with tauopathies include: CBD, classic
Pick's disease, progressive supranuclear palsy (PSP),
familial tauopathies linked to chromosome 17 and
argyrophilic grain disease. In CBD, patients initially
presented with anomia or speech problems that pro-
gressed to mutism and an extrapyramidal syndrome,
characterized by alien limb phenomenon and dystonia
(Kertesz andMunoz 2003; Gorno-Tempini et al., 2004b;
Knibb et al., 2006). In PSP, symptoms are initially
consistent with PNFA, but as the disease progresses,
postural instability, behavioral abnormalities and dys-
phagia also emerge (Caselli et al., 1993; Bak et al., 2001;
Mochizuki et al., 2003).

Alzheimer's disease is another common pathology
associated with PNFA (Green et al., 1990; Kempler
et al., 1990; Karbe et al., 1993; Galton et al., 2000;
Li et al., 2000; Godbolt et al., 2004; Kertesz et al., 2005;
Josephs et al., 2006; Knibb et al., 2006). There is some
controversy surrounding the relationship between AD
and PNFA, with some researchers emphasizing the
distinct clinical profile typically seen in each (e.g.
speech impairments in PNFA versus memory deficits
in AD [Mesulam 2001]). Despite a distinct clinical
presentation, a growing number of reports suggest
that as much as 30% of PNFA is caused by AD
pathology (Knibb et al., 2006). The distribution of
neuritic plaques and neurofibrillary tangles is atypical
in many of these patients, with the frontal and temporal
lobes being most affected (as opposed to the parietal
lobes in more typical AD) (Galton et al., 2000; Mesulam
et al., 2003; Knibb et al., 2006). Mesulam et al. (2003)
noted that the true role of AD in progressive aphasia

may be overestimated because patients may come to
autopsy decades after the onset of their disease, when
plaques and tangles are more typical in an elderly age
group.

Progressive non-fluent aphasia has also been linked
to non-specific cellular changes, DLDH (Snowden et al.
1992; Turner et al., 1996), where no tau- synuclein-
or ubiquitin-containing inclusions are seen. Some
estimates have suggested that roughly 60% of PPA is
caused by DLDH, which is distinguished by neuronal
loss, gliosis and mild spongiform changes in the
superficial cortical layers (Mesulam et al., 2003). Autopsy
studies have also confirmed Creutzfeldt–Jakob disease
(Mandell et al., 1989; Neary et al., 1998), Lewy body
disease (Caselli et al., 2002) and FTD with motor
neuron disease (FTD-MND) (Caselli et al., 1993) as
other neuropathologies associated with PNFA.

Demographics
Demographic information suggests that those with
PNFA are more likely to be female and that, on
average, they may present with isolated speech or
language symptoms for over 4 years before other
non-linguistic cognitive domains become affected
(Table 19.2). In some cases, language symptoms may
remain isolated for up to 14 years (Mesulam et al.,
2003). In this way, PNFA progresses more slowly than
other variants of PPA (Rogers and Alarcon 1999). The
disproportionate amount of PNFA among women
has been reported in a number of studies (Hodges
et al., 2003; Clark et al., 2005; Johnson et al., 2005).
Some have speculated that the predominace of PNFA
in women and FTD in men may reflect different
cortical vulnerabilities between the sexes; in particular,
the left frontal lobes may bemore vulnerable in women,
while the right frontal lobe may be more prone to
neurodegeneration in men (Johnson et al., 2005).

Table 19.2. Demographic information for PNFA progressive non-fluent aphasia

Feature Data Source

Age of onset (years) 63 Johnson et al. (2005)

62 Westbury and Bub (1997)

65 Duffy and Peterson (1992)

Gender ratio (M:F) 1:2 Westbury and Bub (1997); Duffy and Peterson (1992)

4:9 Clark et al. (2005)

Duration of isolated speech and/or language symptoms (years) 4.3 Rogers and Alarcon (1999)

Percentage evolving to have cognitive deficits 37 Rogers and Alarcon (1999)

Average time from symptom onset to death (years) 6.8 Rogers and Alarcon (1999)
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Patients with PNFA may have a later age of onset
than patients with other FTLD diagnoses (Johnson
et al., 2005; Kertesz et al., 2005). In one study that
detailed the demographic characteristics of over 350
patients with FTLD, the authors found that those
with PNFA had a later age of onset than those with
SD and FTD, with PNFA having a mean age of onset
of 63 years, compared with 57.5 years in FTD and
59.3 years in SD. Other studies have found an equal
sex distribution among the variants of FTD (Chow
et al., 1999; Hodges et al., 2003; Rosso et al., 2003;
Kertesz et al., 2005).

Kertesz and collegues (2005) found no significant
differences in gender distribution, disease duration or
education between patients with different FTLD vari-
ants. Some reports have suggested that FTLD may
progress rapidly compared with other degenerative
diseases, such as Parkinson's disease. For example,
one study found that 19% of patients with FTLD died
in less than 5 years after the onset of their initial
symptoms, suggesting a relatively rapid course for
the disease (Johnson et al., 2005) (Table 19.2).

Other variants of primary
progressive aphasia
At least two other clinical variants of progressive
aphasia have been described in addition to PNFA:
SD and logopenic progressive aphasia (LPA). All
three variants are associated with distinct behavioral,
anatomical and genetic differences (Gorno-Tempini
et al., 2004a).

Semantic dementia
Patients with SD often present with the most distinct
cognitive profile (Gorno-Tempini et al., 2004a).
Whereas articulation is most notably affected in
PNFA, spontaneous speech is fluent in SD, with no
signs of motor speech impairments (Hodges et al.,
1992; Snowden et al., 1992). Anomia is particularly
severe in SD owing to a prominent semantic memory
impairment, and patients slowly lose the meaning
of common words and objects (Hodges et al., 1992).
For example, one patient with SD who remained
an avid golfer heard the word “golf,” looked puzzled
and said, “ ‘golf,’? I know I should know that word,
but I don't.' ” Interestingly, though comprehension is
impaired for single words, patients with SD typically
do well on tests of complex syntax comprehension,
at least initially (Gorno-Tempini et al., 2004a).

Semantic paraphasias (i.e. substituting a related
word for the target word, such as “table” for “chair”)
are common in SD, and as the disease progresses
speech output becomes empty, devoid of nouns and
with an over-reliance on fillers such as “thing” and
“that” (Gorno-Tempini et al., 2004a). For example,
one patient with moderately severe SD produced the
followingwhen asked to describe theWABpicnic scene.

Well I remember seeing this . . . because there are people
right here and there are people going here. To me,
I thought this was pretty interesting . . . You see these
students coming here . . . and these guys were going down
here and he's going high up on that one . . .

As the disease progresses, patients with SD are also
prone to behavioral changes such as depression, over-
eating, loss of insight and emotional blunting (Rosen
et al., 2002; Thompson et al., 2003). Anatomically, SD
is associated with left anterior temporal lobe damage
(Gorno-Tempini et al., 2004a), an area thought to
underlie semantic memory (Rosen et al., 2002). In
SD, unlike the other variants, MND is the most
common pathology (Knibb et al., 2006). When motor
deficits are present, the term FTD-MND is used,
while frontotemporal lobar degeneration with ubiqui-
tin inclusions (FTLD-U) or MND inclusion dementia
(MNDID) are appropriate when motor symptoms are
absent (Rossor et al., 2000; Hodges et al., 2004; Davies
et al., 2005).

Logoponic progressive aphasia
The third variant of progressive aphasia, LPA, is
characterized by slow speech, impaired comprehen-
sion of complex syntax and word-finding deficits
(Gorno-Tempini et al., 2004a). The term logopenic
refers to the halting, anomic quality of spontaneous
speech, which is marked by hesitations and pauses
and with sentences with simplified but accurate
syntactic structure (Gorno-Tempini et al., 2004a).
Comprehension (for all but the most simple morpho-
syntactic sentences) and repetition is impaired for
patients with LPA (Gorno-Tempini et al., 2004a).
A pronounced auditory-verbal short-term memory
(AVSTM) is thought to underlie these comprehension
and repetition deficits (Gorno-Tempini et al., 2004a).
As the disease progresses, this core deficit can make
conversation difficult to follow for the patient with
LPA, as AVSTM is needed to derive meaning from
speech. A recent study also noted marked acalculia
as another LPA symptom. Anatomically, LPA is char-
acterized by atrophy in the left posterior temporal
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cortex and inferior parietal lobe, an area associated
with AVSTM (Gorno-Tempini et al., 2004a).

Distinguishing variants of primary
progressive aphasia
Genetically, PPA variants show differences as well, as
measured by the frequency of the e4 allele of APOE,
encoding apolipoprotein E. In a recent study compar-
ing the variants, the frequency of this haplotype was
67% in LPA, 0% in SD and 20% in PNFA (Gorno-
Tempini et al., 2004a). The high frequency of e4
haplotype in LPA suggests that many of these patients
may have an atypical form of AD (Gorno-Tempini
et al., 2004a).

Though variants are differentiated in the litera-
ture, the question of how best to conceptualize PPA
has yet to be answered. Mesulam and colleagues
(2003) have proposed that PPA should reflect a
unitary disease process, particularly because so many
of its underlying neuropathologies (CBD, PSP, etc.)
are related to mutations affecting tau. Others support
the classification of PPA into two distinct clinical
variants: PNFA and SD (Knibb et al., 2006), while
some groups recognize three subgroups: PNFA, SD
and LPA (Snowden et al., 1992; Kertesz et al., 2003;
Gorno-Tempini et al., 2004a). One of the central issues
in PPA classification revolves around the term “flu-
ency.” For some practitioners, non-fluency implies
agrammatism, while for others it refers to abnormally
slow speech. So, for example, in some studies both
slow-speaking and agrammatic patients are classified
as PNFA (Knibb et al., 2006), while in others, PNFA
designates agrammatic patients and LPA is applied to
those presenting with slow, anomic speech.

Pure motor speech disorder
Recently, there has been some support for the recog-
nition of a separate disorder, affecting speech more
than language. A syndrome called progressive aphe-
mia, progressive isolated motor speech disorder,
slowly progressive anarthria or primary progressive
apraxia was described in the 1990s, in which patients
presented primarily with apraxia of speech and dysar-
thria (Cohen et al., 1993; Broussolle et al., 1996; Fukui
et al., 1996; Chapman et al., 1997; Kertesz et al., 2003).
The course of the disease is similar in these cases, with
speech disturbance being the most prominent early
sign. It remains unclear whether this “pure motor
speech” presentation is a separate entity or an early
PNFA (Josephs et al., 2006).

Treatment options
Patients with PNFA often report that they benefit from
working with a speech-language pathologist to improve
communication deficits that arise. Traditional speech
therapy, aimed at maintaining skills as the disease pro-
gresses, as well as the use of augmentative/alternative
communication (AAC) devices (e.g. “talking com-
puters”) are two types of treatment that are typically
used with PNFA. To date, few treatment studies have
examined the efficacy of therapy with patients with
progressive aphasia.

In the first study designed to assess the efficacy
of a treatment with a patient with PPA and spastic
dysarthria, aphasia and oral apraxia, McNeil and col-
leagues (1995) found improved word-finding skills
when that was the focus of the treatment. The most
effective treatment, according to the study, combined
behavioral therapy with the administration of dex-
troamphetamine. Other language modalities that were
not treated continued to decline. In another study,
Schneider and colleagues (1996) used a combination
of speech and gesturing to improve oral sentence
production.

A series of treatments for a single patient with
PNFA with stuttering, dysarthria and word-finding
complaints was described in an uncontrolled case
study by Murray (1998). The treatments evolved over
2.5 years to meet the patient's changing needs. Ini-
tially, therapy focused on traditional drills designed
to facilitate auditory and reading comprehension. The
second phase of intervention involved teaching the
patient a drawing technique to improve communi-
cation, while the third focused on the training and use
of an AAC device (Murray 1998).

Selective serotonin-reuptake inhibitors (SSRIs)
have been prescribed to address behavioral and mood
changes that occur in PPA, but to date, no study has
assessed the effects of these drugs specifically on
speech or language. In a recent double-blind, placebo-
controlled study, six patients with PPA showed mild
slowing of progression in language symptoms when
the dopamine agonist bromocriptine was used over the
course of 7 weeks (Reed et al., 2004). Box 19.1 describes
the progression of a patient with PNFA.

Summary
The early recognition of PNFA is important in clin-
ical settings, as patients may benefit from behavioral
treatments appropriate for this distinct disorder. Also,
the speech and language symptoms indicative of
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PNFA may be early signs of left hemisphere neuro-
degenerative diseases, particularly CBDS. Thorough
speech and language testing, as well as neuroimaging,
can help to diagnose PNFA and to distinguish the
disorder from other PPA variants, namely SD and LPA.
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Box 19.1 Case report of a patient with progressive non-fluent aphasia

AS, a 53-year-old business executive, presented with halting, slow speech in the presence of intact language
comprehension and naming skills. Initially, no cognitive or behavioral changes were noted, and her neurological
evaluation was normal. She was pleasant and cooperative upon examination. AS complained that she had trouble
“expressing her thoughts,” and spoke in simple sentences. Her husband commented that she was “not as conver-
sant” as she had once been, although she was still functioning adequately in her job. These symptoms initially led to
a diagnosis of a functional disorder, arising from depression. Unhappy with this assessment, AS sought a second
opinion at a neurology clinic, where she was followed over the course of 4 years.
Speech-language neuropsychological tests were performed annually and MRI scans were also obtained yearly

over the 4 years. At the time of her first visit, testing was normal, except for mild impairment noted on the verbal
agility subtest of the BDAE and slow performance on executive tasks, such as the Trailmaking and Stroop tests.
AS had no significant past medical or family history. Over the course of her annual visits, testing revealed apraxia of
speech, progressing from mild to severe within 1 year. Dysarthia was also apparent by the fourth year. AS's speech
became progressively more non-fluent, and she began to have some difficulty with comprehension of complex
syntax. These symptoms led to a diagnosis of PNFA.
Seven years after first noticing speech problems, AS's symptoms had worsened to the point that she was no

longer able to work and she retired. Compulsive behaviors eventually surfaced, after 6 years of isolated speech
complaints. Neurological examination revealed mild slowing of fine finger movements on the right hand, progress-
ing to right-sided limb apraxia severe enough to impair cooking and dressing. AS began to show poor judgement,
as evidenced by aggressive driving and inappropriate behavior at restaurants (sweeping up other patrons' dishes).
Other cognitive skills, though initially intact, declined gradually as well. Initially she scored 29/30 on the MMSE, but
by her fourth annual evaluation she scored 16/30. Scores on executive tasks also progressively fell, as did scores on
verbal memory subtests from the California Verbal Memory Test-Mental Status (CVLT-MS).
Annual MRI scans were analyzed using VBM. On her first scan, though no area showed decreased gray matter

volume compared with controls at a corrected level of significance, the left inferior frontal gyrus, insula, frontal and
temporal poles and medial frontal lobes showed significant volume loss. Over the next 3 years, more extensive
atrophy in these areas was seen, with additional volume loss noted in left inferior premotor regions, the thalamus,
the posterior inferior temporal gyrus and the superior parietal lobule. AS's last scan showed extension into left
prefrontal areas and medial frontal regions, including the supplementary motor area.

Comment
AS's case is particularly interesting from a longitudinal perspective, as her symptoms evolved from those consistent
with a PNFA diagnosis to one of a classic CBDS. For the first 3 years of her evaluations at a neurology clinic, AS
presented with an isolated, progressive speech and language disorder consistent with a diagnosis of PNFA. At her
fourth evaluation, 10 years after her first symptoms, AS showed a severe, right-sided extrapyramidal syndrome (limb
apraxia, dystonia, alien limb phenomenon), which led to a diagnosis of CBDS. For a more detailed description of this
case please see Gorno-Tempini et al. (2004c).

Chapter 19: Progressive non-fluent aphasia

285



Chow TW, Miller B L, Hayashi VN, Geschwind DH
(1999). Inheritance of frontotemporal dementia. Arch
Neurol 56(7):817–22.

Clark DG, Charuvastra A, Miller B L, Shapira J S, Mendez
MF (2005). Fluent versus nonfluent primary progressive
aphasia: a comparison of clinical and functional
neuroimaging features. Brain Lang 94(1):54–60.

Cohen L, Benoit N, Van Eeckhout P, Ducarne B, Brunet P
(1993). Pure progressive aphemia. J Neurol Neurosurg
Psychiatry 56(8):923–4.

Davies RR, Hodges J R, Kril J J et al. (2005). The pathological
basis of semantic dementia. Brain 128(Pt 9):1984–95.

Deleceuse F, Andersen AR, Waldemar G et al. (1990).
Cerebral blood flow in progressive aphasia without
dementia. Brain 113:1395–404.

Dronkers N F (1996). A new brain region for coordinating
speech articulation. Nature 384(6605):159–61.

Duffy J R, Peterson RC (1992). Primary progressive
aphasia. Aphasiology 6, 1–15

Fukui T, Sugita K, Kawamura M, Shiota J, Nakano I (1996).
Primary progressive apraxia in Pick's disease: a
clinicopathologic study. Neurology 47(2):467–73.

Galton C J, Patterson K, Xuereb JH, Hodges J R (2000).
Atypical and typical presentations of Alzheimer's
disease: a clinical, neuropsychological, neuroimaging
and pathological study of 13 cases. Brain
123(Pt 3):484–98.

Godbolt AK, Beck J A, Collinge J et al. (2004). A presenilin
1 R278I mutation presenting with language
impairment. Neurology 63(9):1702–4.

Gorno-Tempini ML, Dronkers NF, Rankin KP et al.
(2004a). Cognition and anatomy in three variants of
primary progressive aphasia. Ann Neurol 55(3):335–46.

Gorno-Tempini ML, Murray RC, Rankin KP, Weiner
MW, Miller B L (2004b). Clinical, cognitive and
anatomical evolution from nonfluent progressive
aphasia to corticobasal syndrome: a case report.
Neurocase 10(6):426–36.

Gorno-Tempini ML, Murray RC, Rankin KP, Weiner
MW and Miller B L (2004c). Clinical, cognitive and
anatomical evolution from non-fluent progressive
aphasia to corticobasal syndrome: a case report.
Neurocase 10(6):426–36.

Green J, Morris J C, Sandson J, McKeel DW, Jr., Miller JW
(1990). Progressive aphasia: a precursor of global
dementia? Neurology 40(Pt 1):423–9.

Grossman M, Mickanin J, Onishi K et al. (1996).
Progressive non-fluent aphasia: language, cognitive and
PET measures contrasted with probable Alzheimer's
disease. J Cogn Neurosci 8:135–54.

Grossman M, Payer F, Onishi K et al. (1998). Language
comprehension and regional cerebral defects in
frontotemporal degeneration and Alzheimer's disease.
Neurology 50(1):157–63.

Harasty J A, Halliday GM, Xuereb J et al. (2001). Cortical
degeneration associated with phonologic and semantic
language impairments in AD. Neurology 56(7):944–50.

Hodges J R, Patterson K (1996). Nonfluent progressive
aphasia and semantic dementia: a comparative
neuropsychological study. J Int Neuropsychol Soc
2(6):511–24.

Hodges J R, Patterson K, Oxbury S, Funnell E (1992).
Semantic dementia. Progressive fluent aphasia with
temporal lobe atrophy. Brain 115(Pt 6):1783–806.

Hodges J R, Davies R, Xuereb J, Kril J, Halliday G (2003).
Survival in frontotemporal dementia. Neurology
61(3):349–54.

Hodges J R, Davies RR, Xuereb JH et al. (2004).
Clinicopathological correlates in frontotemporal
dementia. Ann Neurol 56(3):399–406.

Johnson JK,Diehl J,MendezMF et al. (2005). Frontotemporal
lobar degeneration: demographic characteristics of 353
patients. Arch Neurol 62(6):925–30.

Josephs KA, Duffy J R, Strand EA et al. (2006).
Clinicopathological and imaging correlates of
progressive aphasia and apraxia of speech. Brain
129:1385–98.

Joshi A, Roy EA, Black S E, Barbour K (2003). Patterns
of limb apraxia in primary progressive aphasia. Brain
Cogn 53(2):403–7.

Karbe H, Kertesz A, Polk M (1993). Profiles of language
impairment in primary progressive aphasia. Arch
Neurol 50(2):193–201.

Kempler D, Metter E J, Riege WH et al. (1990). Slowly
progressive aphasia: three cases with language, memory,
CT and PET data. J Neurol Neurosurg Psychiatry
53(11):987–93.

Kertesz A (1980). Western Aphasia Battery. London,
Ontario: University of Western Ontario Press.

Kertesz A (2005). Frontotemporal dementia: one disease, or
many? probably one, possibly two. Alzheimer Dis Assoc
Disord 19(Suppl 1):S19–24.

Kertesz A, Munoz DG (2003). Primary progressive aphasia
and Pick complex. J Neurol Sci 206(1):97–107.

Kertesz A, Munoz D (2004). Relationship between
frontotemporal dementia and corticobasal degeneration/
progressive supranuclear palsy. Dement Geriatr Cogn
Disord 17(4):282–6.

Kertesz A, Davidson W, McCabe P, Takagi K, Munoz D
(2003). Primary progressive aphasia: diagnosis, varieties,
evolution. J Int Neuropsychol Soc 9(5):710–19.

Kertesz A, McMonagle P, Blair M, Davidson W, Munoz
DG (2005). The evolution and pathology of
frontotemporal dementia. Brain 128(Pt 9):1996–2005.

Knibb J A, Xuereb JH, Patterson K, Hodges J R (2006).
Clinical and pathological characterization of progressive
aphasia. Ann Neurol 59(1):156–65.

Section 3: Slowly progressive dementias

286



Li F, Iseki E, Kato M, Adachi Y, Akagi M, Kosaka K (2000).
An autopsy case of Alzheimer's disease presenting
with primary progressive aphasia: a clinicopathological
and immunohistochemical study. Neuropathology
20(3): 239–45.

McNeil MR, Small S L, Masterson R J, Fossett T RD (1995).
Behavioral and pharmacological treatment of lexical–
semantic deficits in a single patient with primary
progressive aphasia. Am J Speech Lang Pathol 4:76–87.

Mandell AM, Alexander MP, Carpenter S (1989).
Creutzfeldt–Jakob disease presenting as isolated
aphasia. Neurology 39(1):55–8.

Mesulam MM (1982). Slowly progressive aphasia without
generalized dementia. Ann Neurol 11(6):592–8.

Mesulam MM (2001). Primary progressive aphasia.
Ann Neurol 49(4):425–32.

Mesulam MM, Weintraub S (1992). Spectrum of primary
progressive aphasia. Baillières Clin Neurol 1(3):583–609.

Mesulam MM, Grossman M, Hillis A, Kertesz A,
Weintraub S (2003). The core and halo of primary
progressive aphasia and semantic dementia. Ann Neurol
54(Suppl 5):S11–14.

Mochizuki A, Ueda Y, Komatsuzaki Y et al. (2003).
Progressive supranuclear palsy presenting with primary
progressive aphasia: clinicopathological report of an
autopsy case. Acta Neuropathol 105(6):610–14.

Murray L L (1998). Longitudinal treatment of primary
progressive aphasia: a case study. Aphasiology 12:651–72.

Neary D, Snowden J S, Gustafson L, et al. (1998).
Frontotemporal lobar degeneration: a consensus on
clinical diagnostic criteria. Neurology 51(6):1546–54.

Nestor P J, Graham NL, Fryer TD et al. (2003). Progressive
non-fluent aphasia is associated with hypometabolism
centred on the left anterior insula. Brain
126(Pt 11):2406–18.

Pick A (1892). Uber die Beziehungen der senilen Hirnatrophie
zur Aphasie. Prager Med Wochensch 17:165–7.

Reed DA, Johnson NA, Thompson C, Weintraub S,
Mesulam MM (2004). A clinical trial of bromocriptine
for treatment of primary progressive aphasia.
Ann Neurol 56(5):750.

Rogers MA, Alarcon NB (1999). Characteristics and
management of primary progressive aphasia.
Neurophysiol Neurogen Speech Lang Disord (ASHA
Special Interest Division) 9(4):12–26.

Rosen H J, Kramer J H, Gorno-Tempini ML et al. (2002).
Patterns of cerebral atrophy in primary progressive
aphasia. Am J Geriatr Psychiatry 10(1):89–97.

Rosso SM, Landweer E J, Houterman M et al. (2003).
Medical and environmental risk factors for sporadic
frontotemporal dementia: a retrospective case–control
study. J Neurol Neurosurg Psychiatry 74(11):1574–6.

Rossor MN, Revesz T, Lantos P L, Warrington EK (2000).
Semantic dementia with ubiquitin-positive tau-negative
inclusion bodies. Brain 123(Pt 2):267–6.

Schneider S L, Thompson CK, Luring B (1996). Effects of
verbal plus gestural training on sentence production in
a patient with primary progressive aphasia. Aphasiology
10(3):297–317.

Snowden J S, Neary D, Mann DM, Goulding P J, Testa H J
(1992). Progressive language disorder due to lobar
atrophy. Ann Neurol 31(2):174–83.

Snowden J S, Neary D, Mann DMA (1996). Fronto-
temporal dementia. In Fronto-temporal Lobar
Degeneration: Fronto-temporal Dementia, Progressive
Aphasia, Semantic Dementia. New York: Churchill
Livingstone, pp. 9–41.

Thompson SA, Patterson K, Hodges J R (2003). Left/
right asymmetry of atrophy in semantic dementia:
behavioral–cognitive implications. Neurology 61
(9):1196–203.

Turner R S, Kenyon LC, Trojanowski J Q, Gonatas N,
Grossman M (1996). Clinical, neuroimaging, and
pathologic features of progressive nonfluent aphasia.
Ann Neurol 39(2):166–73.

Tyrrell P J, Warrington EK, Frackowiak R S J, Rossor MN
(1990). Heterogeneity in progressive aphasia due to
focal cortical atrophy. A clinical and PET study. Brain
113:1321–36.

Tyrrell P J, Kartsounis LD, Frackowiak R S, Findley L J,
Rossor MN (1991). Progressive loss of speech output
and orofacial dyspraxia associated with frontal lobe
hypometabolism. J Neurol Neurosurg Psychiatry
54(4):351–7.

Weintraub S, Rubin NP, Mesulam M-M (1990).
Primary progressive aphasia: longitudinal course,
neuropsychological profile, and language features.
Arch Neurol 47:1329–35.

Westbury C, Bub D (1997). Primary progressive aphasia:
a review of 112 cases. Brain Lang 60(3):381–406.

Chapter 19: Progressive non-fluent aphasia

287



Chapter

20 Cognition in corticobasal degeneration
and progressive supranuclear palsy
Paul McMonagle and Andrew Kertesz

Introduction
Progressive supranuclear palsy (PSP) and corticoden-
tatonigral degeneration, later renamed as corticobasal
degeneration (CBD), were originally described as
unitary clinicopathologic entities and defined primar-
ily as motor disorders with atypical parkinsonism
lacking levodopa response, though the pathologic
resemblance to Pick's disease was acknowledged for
CBD. We now know that the relationship between
these clinical entities and the pathology is not uni-
form, and nomenclature has changed as a result.
The corticobasal degeneration syndrome (CBDS) is
so named to distinguish it from the pathologic entity
and has core features of asymmetric apraxia (cortical)
and rigidity (basal ganglionic) with additional find-
ings from each region such as cortical sensory loss,
alien limb behavior, myoclonus or bradykinesia, dys-
tonia, tremor. Pathology in CBD is characterized
by lobar atrophy, which is mainly superior parietal
and frontal with relative sparing of the occipital
and temporal lobes (Munoz 1998). Microscopically,
the cortex contains swollen achromatic neurons, tau-
positive glial plaques (the most characteristic feature
of CBD) and rounded/fibrillary neuronal inclusions,
also positive for tau. Another distinctive feature of
CBD is the strong silver staining of the rounded
inclusions with the Gallyas method, separating this
pathology from the otherwise very similar findings
in Pick's disease. Subcortical structures (mainly basal
ganglia but also thalamus) demonstrate significant
neuronal depletion, and rounded/fibrillary neuronal
inclusions are seen here also. By comparison, PSP
is typified by its symmetry, with limb and axial rigid-
ity, a supranuclear gaze palsy and early falling.
Pathologically, PSP is characterized by the abnormal
accumulation of tau protein in neurons and, less

commonly but distinctively, in glial cells as thorny
astrocytes (Ikeda et al. 1995) accompanied by neu-
ronal loss and gliosis. Tau-containing globose neurofi-
brillary tangles are frequent in subcortical structures,
particularly basal ganglia and oculomotor nuclei
where the density contributes to pathologic diagnosis
(Hauw et al. 1994; Litvan et al. 1996a). Extension of
tangles to the cortex is well documented and though
identical to CBD subcortically, the tangles in cortex
are morphologically distinct (Munoz 1998).

There is significant overlap between CBDS and
PSP clinically in terms of the movement disorder,
pathologically in view of the shared 4-repeat (4R)
tau-positive pathology and genetically with the A0
polymorphism and H1 haplotype association for both
(Sha et al. 2006). After the initial reports from move-
ment disorder clinics, these patients began to appear
in cognitive clinics with varied descriptions of cogni-
tive deficits. In particular, reports of evolving aphasia
and frontal features in patients with these akinetic
rigid disorders define the prototypical cognitive
profile in our experience (Kertesz et al. 2000), though
other forms, in particular visuospatial variants in
CBD (Tang Wai et al. 2003), are well recognized.
The converse situation wherein patients with classical
features of the behavioral variant of frontotemporal
dementia (bv-FTD) or primary progressive aphasia
(PPA) are shown to have tau-positive CBD or PSP
pathology at autopsy shows that CBD(S) and PSP
overlap not only with each other but also with the
FTD spectrum or Pick complex (Kertesz et al. 2005).
In this chapter, we describe the varied cognitive find-
ings in these patients and in particular emphasize the
overlap with FTD.

Corticobasal degeneration
The history of overlap with
frontotemporal dementia
Precedence for the first description of CBDS may lie
with Lhermitte (Ballan and Tison 1997), who in 1925
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described a 67-year-old carpenter with a progressive
right-sided, rigid-apractic disorder. Even here, we
find the movement disorder combined with mild
aphasic errors and word finding difficulty. Descrip-
tions of extrapyramidal involvement in Pick's disease
followed somewhat later (Löwenberg 1936) before the
combination of aphasia and rigidity in Pick's disease
was subsequently identified by Akelaitis (1944).
Rebeiz and colleagues (1968) recognized the patholo-
gic similarity of CBD to Pick's disease but felt it was
distinct to the aphasic/behavioral clinical presentation
of Pick's disease, observing that “mental faculties
were relatively preserved” in their cases. Following
this report, no new cases of CBD were added to the
literature for almost 20 years (Scully et al. 1985; Watts
et al. 1985) and though a careful reading of these early
detailed cases does reveal evidence of dementia and
dysphasia, the emphasis remained on the movement
disorder with the belief that higher cognitive function
was “relatively preserved” (Rinne et al. 1994). Reflect-
ing this perspective, the first diagnostic criteria
for CBD included “early dementia” as an exclusion
(Lang et al. 1994). Soon afterwards, the same authors
described cognitive presentations of CBD pathology
(Bergeron et al. 1996) and later found that dementia
was, in fact, the most common presentation in their
pathologic series of CBD (Grimes et al. 1999).

Reports of patients attending cognitive clinics
with overlapping aphasic and asymmetric extrapyra-
midal syndromes began appearing in the late 1980s.
The Manchester group described a patient with pro-
gressive aphasia with a right-sided extrapyramidal
syndrome combined with limb apraxia, upgaze palsy,
primitive reflexes and prominent left temporoparietal
atrophy on CT (Goulding et al. 1989). Pathology of
CBD was confirmed as a substrate for PPA by Lippa
and colleagues (1991), who described a 69-year-old
man with a 3 year history of PPA defined as a trans-
cortical motor aphasia who went on to develop rigid-
ity and posturing of the right arm after the first
year. Additional cases of PPA with CBD pathology
followed, most (Lang 1992; Arima et al. 1994; Ikeda
et al. 1996; Sakuri et al. 1996; Ferrer et al. 2003) but
not all (Mimura et al. 2001) showing signs of extra-
pyramidal involvement at some stage before death.
Kertesz and colleagues (1994) described similar patients
with PPA, overlapping extrapyramidal signs and
behavioral disturbance, who had Pick pathology and
CBD at autopsy, leading to the suggestion that both
CBD and PPA should be included with frontal lobe
dementia under the rubric of Pick complex.

At a molecular level, insights from tau biology also
highlight the overlap. Tau-positive inclusions in
neurons and glia are frequent in FTD and character-
istic of Pick's disease, while the astrocytic plaques,
neuronal inclusions and intracellular coiled bodies
of CBD also stain positively for tau in the 4R form.
Mutations in the gene for tau on chromosome 17
cause genetic forms of CBD, with the apparent para-
dox of the same mutation causing bv-FTD in the
father and CBDS in the son (Bugiani et al. 1999).
The overlap is not confined to tau biology and also
extends to the other major pathologic entity of FTD:
the ubiquitinated inclusions. Here also CBDS pheno-
types are recognized (Godbolt et al. 2005; Kertesz et al.
2005) and familial cases reported caused by mutations
in the recently discovered gene PGRN, encoding pro-
granulin (Maselis et al. 2006) with a similar pheno-
typic heterogeneity to tau in that the same mutation
can result in CBDS or bv-FTD (Benussi et al. 2008).

In recent years, cognitive and language distur-
bances have become recognized as integral to CBD
(Frattali et al. 2000; Kertesz et al. 2000; Graham
et al. 2003a), causing increased awareness of the
significant overlap with bvFTD and PPA (Kertesz
and Martine z-Lage 1998 ; K ertesz et al. 2000 ; Math ur-
anath et al. 2000). To an extent, the wheel has come
full circle in that aphasia and signs of focal or later-
alized cognitive deficits are now considered among
core inclusion criteria (Boeve et al. 2003) for CBDS.
These patients are as likely to be seen by cognitive
neurologists as movement disorders specialists, and
CBD pathology is now regarded as a common sub-
strate for PPA (Kertesz and Munoz 2003; Kertesz et al.
2005; Knopman et al. 2005).

In describing the cognitive and behavioral changes
in CBDS, a distinction can be made between patients
with first symptoms of a movement disorder (motor
onset) followed by behavior change/aphasia or the
reverse situation, where the motor disorder appears
after a cognitive onset (Kertesz et al. 2000). The experi-
ence in our clinic with these two patterns of presenta-
tion, motor onset and cognitive onset, are summarized
in Figs. 20.1 and 20.2, respectively, and illustrated in
Boxes 20.1 and 20.2, respectively.

Frontal/behavioral change
Behavior change in CBDS overlaps to a large extent
with that seen in bv-FTD in our experience (see Boxes
20.1 and 20.2). Using the Frontal Behavioral Inven-
tory (FBI), a questionnaire specifically designed for
the spectrum of apathy and disinhibition displayed
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Fig. 20.2. The first syndrome and subsequent evolution through second and third syndromes in patients who developed corticobasal
degeneration syndrome (CBDS) after an initial presentation with the behavioral presentation of frontotemporal dementia (bv-FTD) or primary
progressive aphasia (PPA). Final pathology is shown where available. Aphasia developing secondarily is indicated as PA. The average interval
in years (SD) between the syndromes is indicated. CBD, corticobasal degeneration; GSS, Gerstmann–Straussler–Scheinker disease; PiD,
Pick's disease; AD, Alzheimer's disease; MNDI, FTD with motor neuron disease-type inclusions.
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meeting criteria for the behavioral variant of frontotemporal dementia (bv-FTD) and progressive aphasia (PA). The size of the arrows is in
proportion to the number of patients at each stage, and the average interval in years (SD) between the syndromes is indicated. CBD,
corticobasal degeneration; PSP, progressive supranuclear palsy; CBD/PSP, transitional features of both.
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Box 20.1 Motor-onset corticobasal degeneration syndrome followed by cognitive change

A 63-year-old right-handed engineer developed stiffness in his right arm. His writing deteriorated and he was
unable to control his lawn mower. Six months later he was holding his right arm at his side, like a patient after a
stroke. Around that time, his speech diminished; he had word finding difficulty, and he lost interest in friends and
daily activities. He became perseverative and had difficulty organizing complex activities. He began to lose his
balance and fall forward. Parkinson's disease was diagnosed; levodopa plus carbidopa and selegiline hydrochloride
were started but were ineffective.
One year after onset the patient was reassessed. Computed tomography (CT) and magnetic resonance imaging

(MRI) showed asymmetrical atrophy, primarily in the left parietal lobe. At that time, it was noted that his right hand
was interfering with his left hand as if it belonged to someone else. His right hand was also very apractic on testing.
About 2.5 years after onset, the patient was noted to be abulic, apractic and aphasic. His right hand showed unusual
posturing but he seemed to ignore it. The diagnosis of CBDS was made. Although he remained polite in public, he
became preoccupied with sex, watching erotic videos, masturbating and demanding sex daily. His speech became
perseverative. He could not put a sentence together, searched for words and used phrases unrelated to the
discussion. He became angry and frustrated when not understood.
About 3 years after onset, he developed urinary incontinence. His right leg became stiff and the fingers of his

right hand curled. Three and a half years after onset he was admitted to a chronic care hospital and had to be fed
because he was unable to use his right arm. Four years after onset he became mute and dysphagic. He responded to
teasing with a giggle and he still watched television and tapped his foot to music. He died 6 years after onset,
following a urinary tract infection and sepsis at age 74 years. Just before his death, he had bilateral rigidity, severe
immobility, vertical gaze palsy and total mutism. Pathology of CBD was confirmed at autopsy, with characteristic
silver staining and tau-positive neuronal inclusions in cortex and basal ganglia. This is an example of CBDS
diagnosed in life, with almost simultaneous onset of behavioral symptoms amounting to bvFTD and later progres-
sive aphasia, having confirmed CBD pathology. This pattern or presentation is summarized in Fig. 20.1.

Box 20.2 Cognitive onset followed by corticobasal degeneration syndrome later

A 61-year-old female store clerk had gradual onset of behavioral symptoms initially. She began obsessively closing
windows and barring doors. She had difficulty organizing her time, household chores and shopping. She would call
her husband frequently at work just to make sure he was there. She also had difficulty concentrating, making
change and remembering and knowing which cards to play in euchre or bridge. Later she would interrupt a
conversation or make inappropriate comments. About 18 months after onset, she showed decreased interest in her
environment and decreasing spontaneous speech; her responses became simpler and more slurred. Two years after
symptoms began, she stopped speaking spontaneously; she began moaning and was only able to follow simple
commands and repeat simple statements.
At the end of the second year of her illness, she developed some stiffness on the right side, mostly in her arm, with

mild tremor. She had several admissions to the hospital, the first when she fell a year after the onset of her illness
and the second a year later when she was diagnosed as having Alzheimer's disease. Neuropsychological testing
showed a memory quotient of 103, which was average. Oral fluency was very poor. She failed to sort cards by
category. She had difficulty with common sense judgements on the comprehension subtest of the Wechsler Adult
Intelligence Scale and sequencing a series of cards from drawings (picture arrangement). In addition to the deficits
of frontal lobe functioning, limitation of upward and lateral gaze was noted, suggesting a diagnosis of PSP. Her
writing became very small. She walked with a shuffle and had increased tone on the right side. She was noted to be
echolalic and at times her speech was unintelligible. On the two admissions CT scans showed frontal lobe atrophy.
By the third year of her illness, she was incontinent, unable to feed herself and needed help with dressing. On

examination, she appeared in a fetal position, staring with repetitive moaning and had no spontaneous speech. She
followed some simple commands with her limbs and was able to repeat very short sentences with slurred and nasal
speech. She answered a few questions with an occasional word, such as her name. Upgaze impairment was noted
again. She had a positive jaw jerk and palmomental, labial and glabellar tap reflexes. Electroencephalography
showed bitemporal dysrhythmia that was prominent on the left side. Neuropathology in 1986 suggested subcortical
degeneration possibly related to postencephalitic parkinsonism, revised to CBD subsequently with novel staining
techniques. Our clinic experience for this scenario is summarized in Fig. 20.2.
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by patients with FTD (Kertesz et al. 1997), we have
previously described the behavior change in CBDS
with motor and cognitive onsets (Kertesz et al.
2000). The significant personality changes consisted
of apathy, disinhibition, perseveration, inattention
or executive dysfunction, the core symptoms of
FTD (Neary et al. 1998). Not all of these symptoms
appeared in all patients, however. Using the Neuro-
psychiatric Inventory (NPI; Cummings 1994), Litvan
et al. (1998) described high levels of depression in
CBDS but also apathy, irritability, anxiety and disin-
hibition. Tests of executive function used in CBDS
typically include phonemic and semantic fluency
(Frattali et al. 2000; Mathuranath et al. 2000; Graham
et al. 2003a), card sorting, Trails A and B, Stroop and
abstraction, with consistent impairments described
(Graham 2003a). Frontal lobe dysfunction with
behavioral disturbances, or poor performance on
frontal lobe tests, is described in at least 50% of the
patients with CBD for whom case reports were avail-
able in the literature (Reibeiz et al. 1968; Clark et al.
1986; Gibb et al. 1989; Riley et al. 1990; Rinne et al.
1994; Frisoni et al. 1995; Wenning et al. 1998). Most
of these reports contain descriptions of symptoms
rather than quantitative neuropsychological results.

Language
Though not emphasized in early reports a focused
reading of historical accounts of CBDS makes clear
the aphasic deficits in CBDS. There may be several
reasons for this. Mild anomia or aphasia may be
overlooked in the face of motor presentations, and
at times attributed to the dysarthria of the extra-
pyramidal disease or to generalized dementia. Cross-
sectional studies without significant follow-up may
not notice insidious language loss. There is also a
reluctance to label progressive loss of language as
“aphasia” because this term is generally used for
sudden deficits. Nevertheless, the language loss, when
examined formally, has the features of aphasia from
other causes. Despite the now recognized overlap
between CBDS and PPA, there has been little direct
comparison of language performance in both. Except
for a few studies (Mimura et al. 2001; Kertesz and
Munoz 2003; Gorno-Tempini et al. 2004), reports of
aphasia in CBDS tend to be cross-sectional rather
than longitudinal, tend not to reflect the evolution
from PPA and/or FTD to CBDS, or compare between
motor and cognitive presentations of CBDS.

We recently reviewed our cohort with CBDS
(McMonagle et al. 2006a) and identified 19 patients

with the movement disorder of CBDS as a first
syndrome and another larger group of 36 patients
who developed CBDS after an initial onset with a
cognitive disorder aphasic or behavioral (Figs 20.1
and 20.2). All patients with cognitive-onset CBDS
and all bar two with motor-onset CBDS developed
aphasia during the course of their illness. Previously,
we have shown that general cognitive and behavioral
measures are similar for each presentation but lan-
guage scores are lower in those with cognitive-onset
disorder (Kertesz et al. 2000), reflecting the frequency
of aphasic presentations. The change in language
for patients with cognitive CBDS was identical to
our other patients with PPA based on the Western
Aphasia Battery (WAB; Kertesz 1982) save for a trend
towards worse repetition in CBDS. Initially these
patients are significantly anomic, but with time they
develop problems with expressive language while
receptive language and single-word comprehension
are relatively preserved, corresponding to deficits in
progressive non-fluent aphasia (PNFA) (Grossman
et al. 1996). Over time, the picture changes, with
normal and anomic patients becoming non-fluent,
developing Broca's, conduction and global aphasias.
Our longitudinal follow-up showed that both cogni-
tive CBDS and PPA are distinct from motor CBDS at
first, but by the fourth year of illness the motor-onset
group had also begun to develop significant aphasia
paralleling the cognitive CBDS group but lagging
behind.

Although non-fluent aphasia was the predomi-
nant pattern, two of our patients had striking preserva-
tion of repetition consistent with transcortical sensory
aphasia while another two had relatively fluent recep-
tive aphasias classified as Wernicke's by the WAB,
both uncommon findings in the CBDS literature
(Ikeda et al. 1996; Graham et al. 2003b). One patient,
in particular, with CBD pathology confirmed at
autopsy, began with word-finding difficulty, progress-
ing to prominent deficits in object recognition, com-
prehension and naming, with fluent but markedly
circumlocutory speech containing frequent semantic
paraphasias. He subsequently showed apraxia and
behavioral change characterized by mental rigidity,
irritability, aggression, gluttony, hoarding and utiliza-
tion behavior. Extrapyramidal signs were late and
atypical for CBDS because of bilateral rigidity
and he died in a psychiatric hospital 10 years after
onset. Imaging with CT and single-photon emission
computed tomography (SPECT) revealed predominant
left-sided frontotemporal atrophy and thinning of
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the left perisylvian, parietal and anterior temporal
regions. This patient was seen in the mid 1980s before
semantic dementia was delineated as a variant of FTD
with associative agnosia (Snowden et al. 1989; Hodges
et al. 1992) as distinct from fluent subtypes of PPA
with sensory aphasia and preserved repetition. Tests
for semantic memory impairment and visual agnosia
were not performed; however, in retrospect, the clin-
ical picture is consistent with criteria for semantic
dementia (Neary et al. 1998). Our patient is of par-
ticular interest as this variant of FTD has so far been
associated with the tau-negative pathology of FTD
with MND type inclusions and on occasion the tau-
positive pathology of Pick's disease but not CBD
(Davies et al. 2005).

Emotional prosody, mediated by both the right
hemisphere (Tucker et al. 1977; Ross 1981) and the
basal ganglia (Cancelliere and Kertesz 1990), has
not been systematically studied in CBDS though flat
aprosodic speech is mentioned in some case reports
of aphasic patients with CBD pathology before the
emergence of rigidity (Arima et al. 1994; Kertesz and
Munoz 2003). It is not known whether this distin-
guishes CBD pathology from other causes of PPA, but
limited assessments to date suggest the preservation of
expressive emotional prosody in otherwise typical PPA
(Tsao et al. 2004). Apraxia of speech with or without
PNFA is a feature of CBD and other tau-positive
diseases such as PSP (Josephs et al. 2006a); see below.

Asymmetry and laterality
Despite the striking asymmetry inherent in CBDS
there has been no study of whether the side of motor
disorder influences the language disorder or indeed
determines the pattern of patient presentation,
though it is generally assumed that left hemisphere
involvement and right-sided motor disturbance
accompanies the aphasia (Mesulam 2001). We found
no measurable difference in WAB scores for patients
with right- versus left-sided motor onset or for left
versus right hemisphere atrophy. Another study
(Frattali et al. 2000) has used the WAB to examine
language function in a cross-sectional study of
patients with CBDS. Although the authors did not
set out to analyze performance according to the
motor side this can be calculated from their paper
and also shows no difference in WAB scores. None-
theless, that the vast majority (3:1) in our cohort had
right-sided motor change and left hemisphere atro-
phy does suggest a predisposition to aphasia in such
patients, though once present the severity of aphasia

is the same regardless of the laterality. Among patients
with motor-onset CBDS, 32% had left-sided akinesia
while the proportion in cognitive-onset CBDS was
smaller, at 19%. In early reviews, the experience
from movement disorders clinics suggested an over-
representation of left-sided symptoms in CBDS (Lang
et al. 1994) while our study suggests the opposite.
It may be that patients with right-sided motor
disturbances are more likely to present to cognitive
disorders clinics because of predominant left hemi-
sphere involvement, while those with left-sided akine-
sia present to movement disorders clinics since the
“less eloquent” right hemisphere is involved.

Apraxia
Apraxia is the hallmark phenomenon of CBDS and a
core component common to all diagnostic criteria
(Boeve et al. 2003; Litvan et al. 2003), but determining
the actual prevalence is difficult. Leiguarda and
colleagues (1994) estimated the frequency at 70% in
clinically defined CBDS, and though apraxia is pre-
sent in all the early descriptions, there are cases of
pathologically confirmed CBD without apraxia in
retrospective case series, though the authors acknow-
ledge that this sign is not routinely looked for by
many neurologists (Wenning et al. 1998). In our
own experience (Kertesz et al. 2000), ideomotor
apraxia, which is apraxia on command and imitation,
was the most common form and was equally frequent
in motor and cognitive onsets. In fact, all our patients
developed significant and severe apraxia, with the
exception of one retrospectively added case where it
was not documented. In many cases, ideational or
object-use apraxia, where the conceptual system for
action is disrupted, was also prominent. The defini-
tion of ideational apraxia is controversial but we
used it here as object-use apraxia and as such found
it occurred even without ideomotor apraxia on
occasion, an unusual dissociation we have observed
only in degenerative disease, particularly CBDS. Our
findings of these apraxias in CBDS have also been
described by others (Leiguarda et al. 1994; Spatt et al.
2002; Merians et al. 1999).

The nosology of limb kinetic apraxia, where fine
distal movements are impaired for all movements,
remains controversial (Zadikoff and Lang 2005), with
some authors regarding it as a mild corticospinal or
elemental motor deficit (Quencer et al. 2007). It was
reported in CBDS initially as an uncommon finding
(Leiguarda et al. 1998) but later recognized as fre-
quent and in some cases the dominant form (Okuda
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and Tochibana et al. 1994; Leiguarda et al. 2003;
Soliveri et al. 2005). Similar variability applies to
reports of buccofacial apraxia in CBDS. Leiguarda
and colleagues found it absent in their series of ten
patients (Leiguarda et al. 1994) while Ozsancak report
it for all ten of theirs (Ozsancak et al. 2000). Others
report orofacial apraxia and articulatory difficulty
(verbal apraxia) as a presenting feature of CBD with
pathology centered on Broca's area (Lang 1992;
Zadikoff and Lang 2005).

Visuospatial impairment
Case series of CBDS emphasize pronounced deficits
on visuospatial and visuoconstructive components
of standardized tasks such as the Dementia Rating
Scale or the Addenbrooke's Cognitive Examination
(Kertesz et al. 2000; Bak et al. 2005a), which help to
distinguish CBDS from other atypical parkinsonian
disorders (Bak et al. 2005a). Certainly, impairment
in handwriting and visuoconstructive tasks such as
drawing and copying (constructional apraxia) are
frequent in CBD/CBDS (Gibb et al. 1989; Lippa
et al. 1991; Kertesz et al. 1994; Bergeron et al. 1996;
Ikeda et al. 1996; Boeve et al. 1999) and typically felt
to reflect the prominent parietal burden of pathology
and limb apraxia. Visuoperceptual impairment as
assessed with the Visual Object and Space Perception
Battery is also prominent in patients with the clinically
diagnosed disorder (Bak et al. 2006). A natural exten-
sion of this dorsal (where/action) stream involvement
comes with the finding of overlapping cases of
CBDS and Balint's syndrome (simultanagnosia, optic
ataxia, oculomotor apraxia), as described by Mendez
(2000), and the confirmation of CBD pathology in
posterior cortical atrophy (Tang-Wai et al. 2003, 2004),
which includes Balint's syndrome as a core feature
(McMonagle et al. 2006b).

Other cognitive domains
Reports of episodic memory performance in CBDS
vary, but forgetfulness does appear as a presenting
symptom in those who subsequently have pathologi-
cally confirmed CBD (Boeve et al. 1999; Grimes et al.
1999), in some cases with the heaviest burden of
pathology in the hippocampal structures (Bergeron
et al. 1996). Formal assessment with story recall con-
firms objective deficits in episodic memory (Graham
et al. 2003b), but in general logical memory perfor-
mance is better for CBDS than for those with Alzheimer
disease (AD) with similar scores on the Mini-Mental
State Examination (MMSE) (Pillon et al. 1995;

Massman et al. 1996). The proposed mechanism for
episodic memory deficits in CBDS lies with strategies
for encoding and retrieval, reflecting frontosubcorti-
cal rather than hippocampal structures. Our own
experience suggests similar performance for CBDS as
with bv-FTD, PPA and semantic dementia, based on the
memory component of the DRS (Kertesz et al. 2007).

Anomia in CBDS is very common owing to
aphasia and may confound assessments of semantic
memory. Tests using matching tasks of word to pic-
ture (Graham et al. 2003a) and name to famous face
(Beatty et al. 1995), which minimize the effects
of aphasia, typically show normal or borderline per-
formance, suggesting relative preservation of seman-
tic memory in these patients. Number knowledge can
be regarded as a distinct domain of semantic memory,
with features quite distinct from the attributes of
objects. Halpern and colleagues (2004) have shown
that patients with CBDS were consistently more
impaired on tasks requiring number representations
compared with object representations, and this was
associated with atrophy in the right parietal cortex.
Definitions of acalculia vary but difficulty manipulat-
ing numbers and performing arithmetic are pervasive
in CBDS (Gibb et al. 1989; Lippa et al. 1991; Kertesz
et al. 1994; Bergeron et al. 1996; Boeve et al. 1999).

Progressive supranuclear palsy
Historical aspects
Steele et al. (1964) recognized the cognitive features in
the title of their paper describing the “vertical gaze
and pseudobulbar palsy, nuchal dystonia and demen-
tia” of PSP. As always it is instructive to read the
original text, which clearly describes the cognitive
impairment, behavior change and language diffi-
culties present in all nine cases to variable degrees
(summarized in Table 20.1). The first patient was
summarized as “business executive (who) at age 50
developed mild intellectual impairment, indefinite
visual difficulties and reactive depression.” When he
was examined at another center in the earliest stages,
“the neurological examination was considered normal
except for a mild organic dementia.” In four patients,
the cognitive impairment could be interpreted as
remaining mild throughout, becoming moderate
in one and prominent in four. Poor memory and
recall, intellectual slowing, confusion, defects in
abstract thought, calculation, attention, comprehen-
sion and apraxia (ideomotor defects) are all described.
Personality and behavior change were evident and
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characterized by apathy, depression, poor personal
hygiene, irritabililty, violent outbursts and facile,
jocular affect. Behavioral or cognitive changes were
the first symptoms in at least two patients but simul-
taneous with motor features in another five. For
example patient 3 had been hospitalized with behav-
ioral and cognitive change for a year before the gaze
palsy and parkinsonism became apparent. Language
and speech difficulties were typically described as
dysarthric, with “slowed,” “slurred” and “monoto-
nous” speech. In patient 4 after 4 years of illness, “his
speech had become thick, abbreviated and somewhat
explosive,” suggesting an emerging aphasia rather
than dysarthria alone. Patient 7 became entirely mute
terminally.

Albert and colleagues’ (1974) used PSP as the
prototype for “subcortical dementia,” which became
enshrined in the clinical phenotype. They defined
a syndrome characterized by profound slowness of
mentation, impaired memory retrieval and personal-
ity changes (mainly apathy with some outbursts of
irritability), in the absence of “cortical” features of
aphasia, agnosia and apraxia. The analysis used five
cases of their own plus 42 from the literature with
adequate data. Though the behavioral and cognitive
features and the “striking clinical resemblance to
dementia which occurs after bifrontal lobe disease”
were emphasized, they likened it mainly to other
subcortical processes such as thalamic tumors, olivo-
pontocerebellar atrophy, progressive pallidal degener-
ation, Parkinson's disease and Wernicke–Korsakoff
syndrome, feeling that the cognitive profile typified
by PSP was distinct from cortical dementias. The
distinction is less clear now and reports of cognitive
phenomena initially considered unusual for PSP are
now encountered with increasing regularity.

“Typical” cognitive impairment
A characteristic feature of cognitive impairment in PSP
is the profound slowness of information-processing
speed, similar to the bradyphrenia described by
Naville (1922) after epidemic encephalitis. In the
earliest descriptions, patients are described taking up
to 5 minutes to respond (correctly) to a single ques-
tion, creating an exaggerated impression of impair-
ment, with performance improving by up to 50% if
given adequate time to respond (Albert et al. 1974).
The degree of cognitive slowing in PSP appears inde-
pendent of motor slowing (Dubois et al. 1988; Pirtosek
et al. 2001); and correlates with frontal lobe tests such

as the Wisconsin Card Sort and suggests striatofrontal
dysfunction as a substrate (Dubois et al. 1988).

Frontal executive impairments are early and
pervasive in PSP (Pillon et al. 1991; Bak and Hodges
et al. 1998; Magherini and Litvan 2005). Though
simple tests of attention and orientation are typically
normal, more complex tasks of planning, attention
set-shifting, abstraction and reasoning are signifi-
cantly impaired (Robbins et al. 1994; Dubois et al.
2000). Set-shifting as measured with the Trail Making
Test is impaired (Paviour et al. 2005) as is the Wis-
consin Card Sort (Pillon et al. 1991; Monza et al.
1998; Soliveri et al. 2000; Paviour et al. 2005), with
fewer categories sorted and more perseverative errors.
Impairments are seen in non-verbal reasoning with
Raven's progressive matrices (Dubois et al. 1988;
Pillon et al. 1991; Robbins et al. 1994; Monza et al.
1998; Soliveri et al. 2000, 2005), similarities (Albert
et al. 1974; Milberg and Albert 1989; Pillon et al.
1991; Dubois et al. 2000; Bak et al. 2005b; Paviour
et al. 2005) and abstraction (Alberts et al. 1974; Dubois
et al. 2000; Robinson et al. 2006). Particularly tasks of
verbal fluency are greatly reduced in PSP (Dubois et al.
1988, 2000; Pillon et al. 1991; Esmonde et al. 1996;
Monza et al. 1998; Bak et al. 2005b; Paviour et al. 2005;
Soliveri et al. 2000, 2005), with poorer performance on
letter than semantic fluency (Esmonde et al. 1996;
Lange et al. 2003; Bak et al. 2005b; Paviour et al.
2005) exaggerating the pattern seen in normal controls
and the reverse of that seen in AD (Bak et al. 2005b).
Overall, patients with PSP score worse on these tasks of
executive function than those with Parkinson's disease,
multisystem atrophy and Huntington's disease (Dubois
et al. 1988, 2000; Pillon et al. 1991; Monza et al. 1998;
Soliveri et al. 2000; Bak et al. 2005b; Paviour et al.
2005) despite similar disease severity.

Memory complaints in PSP are usually mild and
consist of impaired free recall with relatively pre-
served recognition memory (Pillon et al. 1995); this
contrasts with the more profound deficit in AD,
which also involves recognition (Milberg and Albert
1989). Inefficient storage and retrieval strategies lie
behind the forgetfulness of PSP, which can be regarded
as a dysexecutive phenomenon caused by disruption
of striatofrontal circuits and is similar to that in
Parkinson's and Huntington's diseases (Maher et al.
1985; Pillon et al. 1993, 1994). Patients with PSP dem-
onstrate impaired working memory, disturbed learning
and consistency of recall, and abnormal recognition,
which were significantly improved by controlled
encoding and cued recall (Pillon et al. 1994).
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Personality and behavior change can be quite
florid in PSP and may appear before the oculomotor
and movement disorder. For example, in the original
Steele et al. publication (1964) initial symptoms in
Patient 3 were that “his wife noticed him becoming
irritable, domineering, suspicious and rather dirty
and untidy. He seemed confused at times and suffered
some falls . . . His mood fluctuated and he tended
to be argumentative, arrogant, and demanding . . .
psychometric tests showed indices of slight intellec-
tual impairment by way of defects of memory and
abstract thought . . . because of increasing violence
and confusion he was readmitted for permanent
hospital care in 1955.” Only after a further year of
hospitalization did the gaze palsy and extrapyramidal
disorder manifest itself. Litvan and colleagues (1996b)
reported neuropsychiatric features in a cohort of PSP
patients using the NPI and found apathy (91%) and
disinhibition (36%) as the most common endorse-
ments. Despite the prominence of apathy, depression
scores were lower, a finding felt to distinguish PSP
from CBDS where low mood was prominent. Psychotic
symptoms, such as hallucinations and delusions,
particularly Capgras syndrome and phantom boarder
type, are uncommon in pathologically confirmed
cases of PSP (Josephs and Dickson 2003), and indeed
CBD and FTD, and should alert to the possibility of
dementia with Lewy bodies or Parkinson's disease
dementia (Ballard et al. 1999) as alternative diagnoses.
Emotional blunting and disinhibition may also
be seen in PSP, but these patients are less likely to
demonstrate the other classical behaviors of fronto-
temporal degenerations such as stereotypies, rituals,
gluttony, sweet tooth and altered pain response
(Neary et al. 2005).

Cognitive impairment in PSP sufficient to be
labeled “dementia” varies, with rates up to 70%
reported. Daniel and colleagues (1995) used DSM-
III-R criteria of the American Psychiatric Association
(1987), which require memory impairment and hence
are biased towards AD, and reported dementia in 10
of 17 with PSP subsequently confirmed pathologic-
ally. Pillon and colleagues (1991) found an identical
rate if dementia was defined as global impairment
2 standard deviations below controls on a global
composite including memory, rising to 71% if frontal
tests were taken into account.

“Cortical” cognitive features
Initially a criterion of exclusion (Albert et al. 1974), limb
apraxia in PSP is typically ideomotor, symmetrical

and quite a common finding (40%) when studied
systematically (Leiguarda et al. 1997; Pharr et al.
2001). Clinically defined series of PSP show transitive
tasks performed more poorly than intransitive, with
sequencing and complex gesture errors predominating
while pantomime recognition is preserved (Leiguarda
et al. 1997; Pharr et al. 2001; Soliveri et al. 2005).
Apraxia scores correlate with levels of cognitive
impairment, particularly frontal lobe tasks, suggesting
frontal deafferentation as the cause (Leiguarda et al.
1997; Soliveri et al. 2005). Limb kinetic apraxia has
not been systematically studied in PSP but is sug-
gested in a subgroup of patients from earlier series
(Zadikoff and Lang 2005).

Cases of PSP (and other) pathology mimicking the
asymmetry of the corticobasal syndrome, and vice
versa, abound (Hodges et al. 1992; Boeve et al. 1999;
Kertesz et al. 2005; Knopman et al. 2005). It is diffi-
cult, therefore, to extrapolate these findings from
clinically defined series into reliable discriminators
between different pathologic entities. As a result, case
series comparing parkinsonian syndromes without
pathologic verification are somewhat circular, and
this should be borne in mind for all discussions of
cognitive findings in PSP and CBDS, but perhaps
particularly for apraxia.

As in CBD, language and speech disorders are a
feature of PSP, in particular PNFA caused by PSP
pathology is well recognized (Josephs et al. 2006a,b;
Kertesz et al. 2005; Knibb et al. 2006; Knopman et al.
2005). Logopenia or dynamic aphasia occurs with
PSP (Esmonde et al. 1996) and refers to speech
limited to short phrases or single words but otherwise
grammatically correct and free of paraphasias. Adult-
onset stammering was among the initial symptoms in
Patient 1 from the case series of Albert and colleagues
(1974) and may be a feature of parkinsonian disorders
in general (Koller 1983). Apraxia of speech is a par-
ticular disorder of motor planning and programming
of speech characterized by the inability to perform
speech motor movements, typically with an intact
ability to execute non-speech oral movements. Pro-
sody is abnormal with distorted sound production
and repeated articulatory trials. Apraxia of speech
frequently accompanies PNFA, with or without dys-
arthria; however, it has also been reported as the initial
manifestation of degenerative neurologic disease such
as CBD (Lang 1992; Sakuri et al. 1996; Lehman et al.
2003) and PSP (Josephs et al. 2005) in the absence of
aphasia. A recent study (Josephs et al. 2006b) exam-
ining clinicopathologic correlates in apraxia of speech
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identified a strong relation between it and the presence
of tau-positive pathology, such as CBD, PSP or Pick's
disease, with important potential implications for
predicting the underlying biochemistry.

Summary
There are many clinical and biological features in
common in CBD and PSP, namely neurodegenera-
tion with parkinsonism, oculomotor abnormalities,
A0 polymorphism, H1H1 haplotype and tau-positive
histology. Cases of one disorder mimicking the other
abound in the literature, many of the case series
quoted here do not have pathologic confirmation
and so one must be cautious about using them to
identify discriminating features. Nonetheless, some
general statements can be made about the signature
cognitive profiles of each disorder while acknowledg-
ing that many exceptions exist. Behavior change and
non-fluent aphasia are common to both, but one can
expect CBD to show more apraxia and visuospatial
impairment while PSP is more classically dysexecu-
tive, with “subcortical” slowing of cognition. Both
overlap with bv-FTD and PPA clinically and patho-
logically, and while the orthodoxy for now is to main-
tain the distinction from the FTDs for PSP, the
boundary for CBD becomes increasingly blurred.
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Chapter

21 Cognitive and behavioral abnormalities
of vascular dementia
Jee H. Jeong, Eun-Joo Kim, Sang Won Seo and Duk L. Na

Introduction
Vascular dementia (VaD) is a cognitive syndrome
caused by cerebrovascular disease with clinically
apparent ischemic or hemorrhagic lesions. It is not
synonymous with post-stroke dementia, which refers
to any type of dementia developed after a clinical
stroke, irrespective of the presumed cause for the
dementia (Pasquier et al., 1997). Unlike Alzheimer's
disease (AD), which is accepted as the most common
cause of dementia, reports on VaD show remarkably
variable prevalence. Compared with western coun-
tries, the prevalence of VaD seems somewhat higher
in eastern Asian countries such as China, South Korea
and Japan, ranking second (Lee et al., 2002; Zhang
et al., 2005; Dong et al., 2007) or even approaching
the prevalence of AD (Yanagihara 2002). As the
occurrence of stroke rises exponentially with age,
the contribution of vascular disease to the incidence,
pathogenesis and clinical course of dementia is
becoming more important in the elderly. Also, the
incidence of AD doubles in stroke patients, confound-
ing understanding of the relative contribution of
the two conditions to clinical status and treatment
(Kokmen et al., 1996). Importantly, cognitive decline
after stroke is common. In patients with a first stroke,
fully one-fourth develop a newly diagnosed dementia
within 1 year after the event (Andersen et al., 1996).
Similarly, the relative risk of new onset of dementia
is 5.5 within 4 years after first ever stroke (Tatemichi
et al., 1994).

The clinical patterns of VaD differ, depending
on the vessels involved (large versus small vessel),
location of vascular lesions and the stages of disease.
It is increasingly accepted that prevention of stroke
protects cognitive reserve, diminishing the likelihood

that dementia will occur. In this chapter, to aid in
accurate diagnosis of vascular dementia, we aim
to describe the behavioral and cognitive aspects of
different subtypes of vascular dementia.

Diagnostic criteria for vascular
dementia
The diagnostic key for identifying VaD is to determine
the relevant neurological and neuropsychological
findings and recognize the corresponding lesions on
brain imaging. Clinical skills for detailed informant
interview and neurological examination of the patients
are essential.

There are several diagnostic working criteria in
use. These include the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV)
(American Psychiatric Association 1994), the Inter-
national Classification of Diseases, 10th revision
(ICD-10) (World Health Organization 1993), criteria
of the State of California Alzheimer's Disease Diag-
nostic and Treatment Centers (ADDTC) (Chui et al.,
1992) and the criteria of the National Institute of
Neurological Disorders and Stroke and the Association
Internationale pour la Recherche at L'Enseignement
en Neurosciences (NINDS-AIREN) (Roman et al.,
1993a–c). The Hachinski Ischemic Score (HIS)
incorporates the cardinal features of VaD to clinically
differentiate it from AD (Hachinski et al., 1975). The
components of HIS including stepwise deterioration
(odds ratio [OR], 6.0), fluctuating course (OR, 7.6),
history of hypertension (OR, 4.3) and history of
stroke (OR, 4.3) help to differentiate VaD from AD
in pathologically confirmed cases (Moroney et al.,
1997). These criteria are not interchangeable; vari-
ation in definition and vascular cause leads to the
identification of different subject groups and differ-
ent types, confounding and complicating the inter-
pretation of clinical trials results. Some of these
criteria can be found in the Appendix at the end of
this chapter.

The Behavioral Neurology of Dementia, eds. Bruce L. Miller and
Bradley F. Boeve. Published by Cambridge University Press.
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Subtypes of vascular dementia
The differing etiologies for cerebrovascular disease
have predilections for vessels of different sizes, giving
rise to relatively distinctive clinical subtypes and syn-
dromes, all placed under the category of VaD. Division
can be into large vessel disease or small vessel disease
based on the vessels involved. Vascular dementia asso-
ciatedwith large vessel disease can be caused by single or
multiple territory infarctions in cortical or subcortical
locations. Small vessel disease usually involves subcort-
ical structures such as deep gray matter (basal ganglia
and thalamus) or cerebral white matter (periventricular
and deep white matter), leading to subcortical vascular
dementia (SVaD). If the lesions are predominantly
located in deep gray matter, this type of SVaD is
called lacunar state; if the lesions are predominantly
located in white matter, it is called Binswanger's disease
(Erkinjuntti et al., 2000).

In the earlier stages of VaD, the cognitive impair-
ment can be mild enough so as not to interfere with
daily functions. Researchers call this state vascular
cognitive impairment with no dementia (VCIND)
(Rockwood et al., 1999) or vascular mild cognitive
impairment (MCI) (Petersen 2000; Rasquin et al.,
2004). This topic is discu ssed in Ch. 12. If VC IND or
vascular MCI is not successfully managed, it will even-
tually evolve into VaD associated with multiple recur-
rent cortical or subcortical territorial infarction, SVaD,
or a combination of both.

Dementia associated with cortical
territorial infarction
Single or multiple cortical infarct
dementia
The concept of multi-infarct dementia (MID), as out-
lined in the NINDS-AIREN International Workgroup
criteria, defines an illness in which multiple cognitive
deficits occur with multiple large-vessel strokes involv-
ing cerebral cortical areas, resulting in a clinical demen-
tia syndrome (Roman et al., 1993a–c). Dementia follows
an obvious clinical history of stroke, and a temporal
relationship between the stroke and dementia onset
is required. Focal neurological deficits such as hemi-
paresis, lower facial weakness, Babinski sign, sensory
deficit, hemianopsia and dysarthria typically accom-
pany this type ofVaD. Stepwise progression of cognitive
deficits and the close association between clinical fea-
tures and lesion locations usually make MID easy to

recognize (Hachinski et al., 1975). Box 21.1 describes a
typical patient with MID and Fig. 21.1 shows the mag-
netic resonance images (MRI) for this patient.

The total lesion volume size, the number of lesions
and the location of individual lesions are critical
factors in the pathogenesis of MID (e.g. in general,
the larger the infarct size, the more severe the demen-
tia) (De Reuck et al., 1981; Erkinjuntti 1987). In
contrast, quantitative correlations between the degree
of cognitive deficits and lesion volumes or lesion
locations has not been clearly elucidated (Erkinjuntti
et al., 1999). The NINDS-AIREN criteria provide only
a limited suggestion that bilateral anterior cerebral
artery (ACA) distribution, posterior cerebral artery
(PCA) distribution, parietotemporal and temporo-
occipital association areas and superior frontal and
parietal watershed territories are considered the major
candidate areas for VaD (Roman et al., 1993a–c). Mul-
tiple infarctions of any combination of these restricted
cortical regions can result in MID.

In contrast to MID, even a single cortical infarc-
tion can lead to dementia. Damage to critical regions
such as the angular gyrus or anterior cingulate gyrus
also may cause cognitive deficits that lead to VaD
(Benson and Cummings 1982; Tatemichi et al., 1990).
Therefore, the behavioral neurology of MID or single
cortical infarct dementia requires understanding the
cognitive and behavioral deficits following cerebral
cortical infarction in distribution of ACA, PCA or
middle cerebral artery (MCA), which we briefly review
in this section.

Anterior cerebral artery territory infarction
The hemispheric branches of the ACAs supply the
medial frontal surface (supplementary motor area;
paracentral lobule, cingulate gyrus), the inferior
frontal surface and part of the medial parietal lobes
(anterior portion of precuneus). The pericallosal
branches of the ACAs supply the anterior four-fifths
of the corpus callosum (Brust et al., 2001). Therefore,
ACA infarction mainly causes medial and inferior
frontal dysfunction.

The functions of frontal lobe are too broad and
complex to detail here but include elementary motor
function, praxis, speech/language output, attention,
working memory, executive function, social judge-
ment and comportment (Absher and Cummings
1995). Consequently, frontal lobe damage may result
in a variety of behavioral and cognitive disorders,
which can be classified under three major categories:
first, executive dysfunction followed by dorsolateral
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frontal lobe damage; second, akinetic mutism or the
apathy-abulia spectrum in medial frontal damage;
and, third, disinhibition or aquired sociopathy in orbito-
frontal damage (Cummings 1993, Fig. 21.2). Dorsolat-
eral frontal lobe dysfunction will be discussed in the
section on MCA infarctions.

Akinetic mutism, the sign of bilateral damage
to the medial frontal lobe, is the most extreme form
of a loss of spontaneity or initiative. Patients with
akinetic mutism make no effort to communicate ver-
bally or by gesture. Abulia, the minor form of akinetic
mutism, can also follow medial frontal damage. The
patient seems to be indifferent and less interested
in the environment and people around him or her,
has little spontaneous verbal output and responds to

questions very briefly, often with prolonged response
latencies. Left to his or her own devices, the patient
stays indoors, seated and immobile.

Orbitofrontal lobe damage can produce disinhibi-
tion and impulsive behaviors. Impulse control failures
result in excessive sexual drives, voracious appetites
and addiction to alcohol, tobacco or drugs. Some
patients exhibit compulsive behavior (e.g. cleaning,
checking, arranging, ordering, hoarding or counting).
One example would be a case reported by Hahm and
his colleagues (2001). A 46-year-old patient showed a
pathologic collecting behavior after a left orbitofron-
tal and caudate injury from an aneurysmal rupture of
anterior communicating artery (Fig. 21.3A). Interest-
ingly, his hoarding, an impulse control disorder or an

Box 21.1 Multi-infarct dementia

A 65-year-old man with a history of hypertension and heart disease had a history of three strokes. After the first
stroke (Fig. 21.1A), he experienced a sudden onset of comprehension deficits, which partially improved soon after;
otherwise, his daily functioning and judgement were preserved. One year after this episode, he had the second
stroke. According to his wife, his general cognitive dysfunction worsened at that time. He showed markedly
decreased speech output and profound lethargy. He slept all day and expressed no interest in doing anything.
He was not able to concentrate on watching TV programs and could not understand them. Three months later, his
symptoms improved slightly but 6 months thereafter, new symptoms developed (third stroke). When having a meal,
he was noted to eat food only from the right side of his plate. Walking down the hall, he travelled along the right
side and upon reaching an intersection he always chose a path to the right. He had difficulty in wearing clothes,
recalling the location of personal items and remembering his activities just the day before. He got lost on the way
home. Neurological examinations revealed left facial weakness, left hemiparesis (grade IV), increased deep tendon
reflex on the left upper and lower extremities, positive Babinski sign on the left, decreased arm swing on the left and
left hemispatial neglect. His Korean version MMSE score was 17 out of 30. An MRI scan showed the infarct involving
the left temporal area, the right frontal area as well as the right parietal area (Fig. 21.1C).

Comment
This patient meets NINDS-AIREN criteria for probable VaD since there were impairments of memory and of two or
more cognitive domains, evidence of cerebrovascular disease by focal signs on neurologic examinations and brain
imaging, and a temporal relationship between the dementia and the strokes. At the first attack, he had mild
language impairment that improved to the extent that he was able to manage his daily activities. After the second
stroke, however, abnormal behavior and impaired judgement led him to withdraw from complex activities although
this improved slightly over time. After the third stroke, he declined significantly and was no longer able to do basic
activities such as dressing or eating. As we can see, there were clinical features of a stepwise deterioration over
2 years, with a fluctuating course associated with acute deficits followed by partial recovery. This was caused by
three territorial infarctions without subcortical ischemic changes or lacunes and led to the diagnosis of MID.

(A) (B) (C) Fig. 21.1. Magnetic resonance
T2-weighted images of the patient
described in Box 21.1, showing an
infarct in left temporal area (A: first stroke),
the other infarct in right frontal (B: second
stroke) and the third in right parietal
area (C).
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ego-syntonic compulsion, was restricted to one spe-
cific item (toy bullets) (Fig. 21.3B).

Other behavioral disorders associated with orbito-
frontal damage may include utilization and imitation
behaviors. Utilization behavior has been described as
“a disturbance in responses to external stimuli, so that
a patient with utilization behavior simply takes and
uses the object presented to them” (Lhermitte et al.,
1986). Imitation behavior is characterized by “patients’
imitating the gestures and behavior of the examiner
without having been asked to do so, and continuing to
imitate after being asked to stop” (Lhermitte et al., 1986).
These two “environmental dependency” syndromes are
classified as a unilateral orbitofrontal symptom, without
clear relation to the hemispheric dominance, and are
interpreted as a release of the parietal approach behavior
to visual and tactile stimulation from the outside world
(Lhermitte 1983; Lhermitte et al., 1986).

Acquired sociopathy is another frequent conse-
quence of orbitofrontal damage (Tranel 1994). Orbito-
frontal lobe, gyrus rectus and anterior cingulate
gyrus serve to integrate sensory association cortex
information (occipital lobe, temporal lobe and par-
ietal lobe) with limbic cortical control of emotional
responses. Normally, people can be affected by exter-
nal stimuli that drive positive or negative emotions
in order to make a proper decision, but the patient
with orbitofrontal or anterior cingulate gyrus lesions
may not be able to appropriately understand or
respond to the external stimuli, such that he or she

cannot achieve normal social or emotional decision
making (Gazzaniga et al., 2002).

Heilman and Watson (1991) suggested that effect-
ive interaction with the environment required the
presence of two critical motor systems, which they
called the “how” system (praxis system) and the “when”
system (intentional system). Disorders of the “how” or
praxis program are called apraxias, while damage to
the “when” or intentional programs are referred to
as motor intentional disorder or action-intentional
disorder. The pathophysiology for ideomotor apraxia
is controversial. Damage to the anterior corpus callo-
sum can result in left hand apraxia because it discon-
nects the left hemisphere language areas from the right
movement control area for the left hand (language–
motor disconnection; Wernicke 1874). Geschwind
(1965a,b) postulated that auditory stimuli from pri-
mary auditory cortex (Heschl's gyrus) are conveyed to
the auditory association cortex (Wernickes's area) in
the left hemisphere, which is connected to premotor
cortex by the arcuate fasciculus; the premotor cortex
on the left is connected to the left primary motor
cortex. The information in the left premotor cortex
can also be conveyed to the right premotor cortex
through the anterior corpus callosum. According
to Geschwind's schema (Fig. 21.4), any lesions of this
pathway (premotor cortex, anterior corpus callosum,
arcuate fasciculus) can cause ideomotor apraxia.

Motor intentional disorder is divided into four
different types: (1) akinesia, a failure of initiation of

(A) (B) (C) Fig. 21.2. Frontal lobe dysfunctions.
(A) Dorsolateral frontal: executive dysfunction;
(B) orbitofrontal: disinhibition or aquired
sociopathy; (C) medial frontal: reduced
motivation and spontaneity (akinetic
mutism or abulia).

(A)

(B)

Fig. 21.3. (A) Computed tomographic (CT)
scans on admission (upper left two slices)
shows subarachnoid hemorrhage with a
hematoma involving the left orbitofrontal
region, which became a low-density lesion
on a CT scan performed 2 years after onset
(upper right slice). Fluorodeoxyglucose
[18F]- positron emission tomography performed
2 years after onset (lower row) shows glucose
hypometabolism in the left caudate and frontal
lobe, mildly in the anterior temporal area and
most prominent in the orbitofrontal region.
(B) A sample bottle containing the toy bullets
collected by the patient.
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movement in the absence of a corticospinal or motor
neuron lesion; (2) hypokinesia, a delay in initiating
a response; (3) motor impersistence, the inability
to sustain a movement or posture; and (4) motor
perseveration, the inability to stop a movement or
an action program (Fig. 21.5). While ideomotor
apraxias are usually associated with left hemisphere
dysfunction (Heilman and Rothi, 1982), right hemi-
sphere damage may be dominant for intentional con-
trol of the motor systems (Heilman and van den Abell
1979). Networks that mediate the intentional systems
are widely distributed and have not been fully eluci-
dated, but the fact that the frontal lobes play a critical
role is supported by many human lesion studies and
experimental animal studies: limb akinesia for medial
frontal lesion (Meador et al., 1986), directional limb
hypokinesia for frontoparietal lesions (Heilman et al.,
1985), motor impersistence for dorsolateral frontal
lesions (Kertesz et al., 1985) and motor perseveration
for frontal subcortical lesions (SandsonandAlbert 1987).

Patients with infarctions of the anterior corpus
callosum can display a callosal disconnection syn-
drome, including left hand ideomotor apraxia, left
hand agraphia, left hand tactile anomia, right hand
acopia and intermanual conflict (Kolb and Whishaw
2003). Recently, Seo et al. (2007) reported that after
an infarction involving the right medial frontal lobe
and corpus callosum, a 66-year-old right-handed
man demonstrated right limb motor impersistence
on bedside evaluation, which was substantiated experi-
mentally. This suggested that following a callosal lesion,
motor impersistence occurs more frequently in the

dominant than the non-dominant limb. Secondary
mania featuring euphoria, pressured speech and hyper-
activity is frequently associated with lesions of orbito-
frontal cortex, almost always in the right hemisphere
(Starkstein and Robinson 1991).

The elementary neurologic symptoms and signs
of ACA stroke are contralateral to motor and sensory
deficits (leg predominant weakness). Bilateral ACA
occlusions can produce paraparesis with or without
sensory loss. Pathologic reflexes such as grasp,
groping, snout and sucking reflexes may appear uni-
laterally or bilaterally in hands, feet or around the
mouth (Damasio and Anderson 2003). Urinary
incontinence and disturbance of sphincter control
have been described in superior frontal and cingulate
gyrus damage (Andrew and Nathan 1964).

Middle cerebral artery territory infarction
Cortical areas supplied by the MCA include, super-
iorly, the frontal, parietal and occipital convexities
and, inferiorly, the temporal convexity. Not surpris-
ingly, cognitive and behavioral deficits resulting from
MCA infarction are as variable as the location of the
lesion.

As noted above, dorsolateral prefrontal cortex is
a critical area for executive function (Fig. 21.2).
Executive functions include planning, goal monitor-
ing, and fluency and flexibility of thought in the
generation of solutions. Patients with dorsolateral
prefrontal damages may not be able to formulate a
plan of action, consider possible different plans
(impairment of mental fluency) or switch from one
plan to another, which is required for success of
ongoing actions (impairment of cognitive set-
shifting). Motor intentional disorders such as direc-
tional hypokinesia, motor impersistence and motor

Fibers to right SMA and PMA
via corpus callosum

SMA

PMA
MC

AF

WA

VC

Fig. 21.4. Geschwind's (1965a,b) schema. AF, arcuate fasciculus;
VC, visual cortex; PMA, premotor area; SMA, supplementary motor
area; WA, Wernicke's area; MC, motor cortex.

Fig. 21.5. Perseveration on the Ogden copying task by a
65-year-old man with acute left frontotemporal infarction.

Section 3: Slowly progressive dementias

306



perseveration have also been reported in dorsolateral
prefrontal lesions, mostly when the right hemisphere
is affected.

The typical clinical picture of superficial MCA
territory infarctions include sudden onset of contra-
lateral sensorimotor deficits, with aphasia in left
hemispheric (dominant hemisphere) lesions and
visuospatial impairment and neglect syndrome in
right hemispheric (non-dominant hemisphere)
lesions. The relative severity of motor deficits from
mild hemiparesis to complete hemiplegia depends on
the location and size of the infarction. Hemisensory
loss affecting all sensory modalities can be produced,
as can cortical sensory loss with agraphesthesia, aster-
eognosis and failure of two-point discrimination.
Approximately 90–95% of right-handed individuals
have language dominance in the left hemisphere
(Ropper et al., 2005), so left MCA infarctions fre-
quently cause aphasia syndromes. Rarely, right hemi-
sphere lesions can produce aphasia in right handers
(Zangwill 1979). Broca's aphasia consists of non-
fluent, effortful speech with relatively preserved com-
prehension and follows damage to the left inferior
frontal gyrus (Broca's area: pars opercularis and pars
triangularis) and its adjacent areas. The hallmark of
Wernicke's aphasia is fluent speech with disturbance
of auditory comprehension, derived from the damage
of the posterior one-third of the superior temporal
gyrus and its adjacent areas. Global aphasia is caused
by a large stroke encompassing Broca's and Wernicke's
areas (Fig. 21.6). Patients with global aphasia have
decreased spontaneous speech and comprehension
and impaired repetition, reading and writing (Broca
1977; Damasio 1981; Benson 1988). Damage to the
arcuate fasciculus, the fibers connecting the Broca's
and Wernicke's areas, and the inferior parietal lobule
(supramarginal gyrus) cause conduction aphasia
characterized by impaired repetition and preserved
comprehension (Damasio and Damasio 1983). Trans-
cortical aphasias show preserved repetition. They
result from the lesions affecting structures surround-
ing perisylvian language centers (Broca's and Wer-
nicke's areas) with spared perisylvian cortex and
arcuate fasciculus (Devinsky 1992). Destruction of
the dominant supplementary motor area is a common
pathogenic mechanism for transcortical motor apha-
sia (Freedman et al., 1984) and lesions in the tempor-
oparieto-occipital area for transcortical sensory
aphasia (Alexander et al., 1989).

Ideomotor apraxia is defined by the inability to
perform previously learned or skilled movement in

response to commands that cannot be explained by
weakness, sensory loss, abnormal movement, poor
comprehension or inattention. A lesion at any point
along Geschwind's schema (1965a, b, see Fig. 21.4) can
cause an ideomotor apraxia. Alternatively, Heilman
and colleagues (1982) suggested that knowledge of
motor skills, or the time–space motor representation
(praxicon), is stored in the dominant parietal cortex
(angular gyrus, supramarginal gyrus). Therefore, left
parietal lesions can also produce ideomotor apraxia.

The posterior part of inferior parietal lobule
(angular gyrus) is a heteromodal association cortex
that responds to stimulation in more than one sensory
modality (Mesulam et al., 1977). Damage to this higher-
order, supramodal cortex gives rise to impairments of
multimodal interaction related to praxis (see above)
and language, such as anomia, alexia and Gerstmann's
syndrome (acalculia, agraphia, finger agnosia and
right–left disorientation [Gerstmann 1940]), which
together compose the angular gyrus syndrome.

Given that the right posterior parietal lobe is
dominant for visuospatial integration and spatial
attention (Benton et al., 1978; Heilman and van den
Abell 1980), lesions of the right parietal multimodal
association cortex can yield visuospatial dysfunction
and a neglect syndrome. Visuospatial function is cat-
egorized into visuoperceptual function, geographical
orientation and visuoconstructive ability (Benton and
Tranel 1993). Visuoperceptual function is considered
as an ability to discriminate angles, shapes and colors
of the presented object, or decide whether two faces
are the same or different. Geographical orientation
refers to the selective way-finding ability within a
three-dimensional environment or two-dimensional
map. The ability to copy, draw, or construct two- or
three-dimensional figures or shapes can be defined

BA
WA

AF

Fig. 21.6. Perisylvian language centers and their connections.
BA, Broca's area; WA, Wernicke's area; AF, Arcuate fasciculus.
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as visuoconstructive function. Though visuospatial
dysfunction predominantly follows right-sided pos-
terior lesions, visuoperceptual and visuoconstructional
impairments can follow bilateral posterior injury
(Farah 2003).

Unilateral spatial neglect is a clinical syndrome
in which patients are unaware of or fail to explore
stimuli located in the contralesional half of extraper-
sonal space, even in the absence of primary sensory or
motor deficit (Heilman and Rothi 2003a,b, Fig. 21.7).
It can result from a variety of lesions, both cortical
and subcortical, but the temporoparietal cortex is
known to be one of the most critical anatomical
substrates for hemispatial neglect (Mort et al., 2003;
Vallar et al. , 2003 ; K arnath et al. , 2004 , 2005 ; Hilli s
et al., 2005). Patients with neglect syndrome often
exhibit reluctant or reduced movement toward the
contralesional space, even though they have no
sensory attentional problems. This type of neglect
is called motor-intentional neglect, as opposed to
sensory-attentional neglect (Heilman and Rothi
2003b). As mentioned above, since right frontal
cortex is essential for motor intention, lesions causing
intentional neglect usually include the right frontal
area (Na et al., 1998). Patients with neglect syndrome
sometimes deny or fail to recognize their hemiplegia
(anosognosia for hemiplegia; Babinski 1914) or

that their contralesional extremities are their own
(personal neglect or asomatognosia; Beschin and
Robertson 1997).

In addition to visuospatial function and spatial
attention, the right parietal lobe is dominant for
affective prosody. Consequently, patients with right
hemisphere injury have greater difficulty regulating
and understanding emotional components of language
than patients with left hemispheric lesions (Tucker
et al., 1977; Ross 1981).

In terms of psychiatric symptoms, delirium or
acute confusional state is most commonly associated
with right MCA infarction involving right middle
temporal gyrus or inferior parietal lobule (Mesulam
et al., 1976; Mori and Yamadori 1987). In contrast,
post-stroke depression can be the prominent mani-
festation of left MCA infarction affecting the left
fronto-opercular region (Starkstein et al., 1987; Kim
and Choi 2000).

Posterior cerebral artery territory infarction
The PCA arises from the terminal bifurcation of the
basilar artery and has four main cortical branches: the
anterior temporal, posterior temporal, parietooccipi-
tal and calcarine arteries, which supply the occipital
lobes and the inferomedial portions of the temporal
lobes. The most common neurological deficit in the

Fig. 21.7. Examples of left hemispatial
neglect. A, star cancellation task (Halligan et al.,
1991); B, modified version of Albert's line
cancellation task (Albert 1973); C, spontaneous
drawing (house, clock); D, copying modified
Ogden scene (Ogden 1985); E, copying two
daisy figure (Marshall et al., 1993).
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PCA infarction is a contralateral visual-field defect
caused by the lesion of the primary visual cortex, the
optic radiation or the lateral geniculate body (Fisher
1986). Complex visual abnormalities, such as simple
or formed visual hallucinations localized to the
affected visual field or visual perseveration (palinopsia
and illusory visual spread) are often present in the
PCA infarction (Critchley 1951; Lance 1976; Brust
and Behrens 1977). Alexia without agraphia is a classic
symptom that results from a lesion in the left calcarine
cortex and adjacent splenium of the corpus callosum
(De Renzi et al., 1987). It is usually accompanied
by color anomia (Geschwind and Fusillo 1966). The
symptomatology is interpreted as a disconnection
of the visual input to the intact right visual cortex
from the left language area (Fig. 21.8A). If the lesion
extends to the left angular gyrus, alexia with agraphia,
Gerstmann's syndrome (acalculia, agraphia, right-left
confusion, finger agnosia) and ideomotor apraxia
are often present. Patients with left PCA infarction
may have transcortical sensory aphasia, although
aphasia is not common in left PCA infarction
(Kertesz et al., 1982).

Luders et al. (1991) observed that global aphasia
was produced by electric stimulation of the dominant
basal temporal region known as the basal temporal
language area (BTLA). Interestingly, in the countries
such as Korea or Japan where people use language
that can be written in both ideogram (a graphic record
of a meaning) and phonogram (a graphic record of a
sound), dissociation between ideogram and phono-
gram impairment after brain injury has been reported.

Kwon et al. (2002) reported that a 64-year-old right-
handed man, who used to be a Hanja (Korean ideo-
gram) calligrapher, showed alexia with agraphia in
Hanja (Korean ideogram) but preserved Hangul
(Korean phonogram) reading and writing after a left
posterior inferior temporal infarction (Fig. 21.9), a
similar area to the BTLA. This was consistent with
previous reports about dissociation between Kanji
(Japanese ideogram) and Kana (Japanese phonogram)
processing (Kawamura et al., 1987; Soma et al., 1989).

The posterior temporal branch of the PCA sup-
plies medial temporal structures (including the hippo-
campus), and unilateral occlusion of this artery
(especially left) causes infarction of the hippocampus
and medial temporal lobe, which leads to temporary
amnesia. However, bilateral occlusion can produce
permanent amnesia (Benson et al., 1974). Prosopag-
nosia, the inability to recognize familiar faces, is
rarely developed by damage to the right fusiform
gyrus (fusiform face area) (Kanwisher et al., 1997).
If PCA infarction extends to the right parietal
or temporal lobe, visuoconstructional disability and
geographical disorientation can occur (Piercy et al.,
1960; Fisher 1982). Visuospatial neglect also can be
elicited by a lesion combining the right occipital lobe
and splenium, an analog lesion of the left occipital
lobe and splenium injury associated with alexia with-
out agraphia (Park et al., 2005) (Fig. 21.8B). This
visual neglect might be related to a disconnection
between the visual information processed by the left
occipital lobe and the right posterior temporoinferior
parietal areas that mediate attention in the left
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Fig. 21.8. (A) Alexia without agraphia. The
visual information from right visual cortex
cannot reach the left inferior parietal language
area because of splenial lesion. (B) Left spatial
neglect limited to visual modality and caused
by right occipital plus splenium lesion. T,
thalamus; V, ventricle; A, angular gyrus.
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hemispace. Additionally, in a large number of studies
regarding hemispatial neglect in PCA infarction, it
was reconfirmed that only the right occipital plus
splenial lesion significantly influenced the frequency
and severity of neglect (Park et al., 2006). Bilateral
destruction of primary visual cortex causes cortical
blindness. Patients with cortical blindness are
occasionally unaware of their visual loss. This is a
phenomenon known as Anton's syndrome, or visual
anosognosia. The mechanism and precise anatomy
of visual anosognosia remains uncertain. On the con-
trary, patients with cortical blindness might have
some residual visual function (blindsight) but are
unaware of it and deny its existence (Poppel et al.,
1973; Aldrich et al., 1987).

Ungerleider and Mishkin (1982) proposed that
there are two parallel visual-processing pathways: a
dorsal or occipitoparietal “where” pathway for spatial
perception and visuomotor performance and a ventral
or occipitotemporal “what” pathway for object dis-
crimination and recognition. Patients with bilateral
occipitoparietal lesion have Balint's syndrome, defined
by a triad of simultanagnosia, the inability to recognize
a picture or scene as a whole; optic ataxia, impaired

hand movement under visual guidance; and gaze
apraxia, an inability to direct gaze voluntarily toward
the peripheral field (Hecaen and de Ajuriaguerra 1954).
Patients with bilateral occipitotemporal lesion have
prosopagnosia, visual object agnosia (inability to iden-
tifying a visually presented object even with normal
perception) and achromatopsia (acquired color blind-
ness) (Albert et al., 1979; Damasio et al., 1980, 1982).

Ischemic-hypoperfusive vascular dementia
Behavioral and neuropsychological findings
in borderzone infarction
There are two types of borderzone infarction: the
anterior borderzone infarct is located between the
superficial territories of the ACA and MCA while
the posterior type is the infarction located between
the superficial territories of the MCA and PCA
(Fig. 21.10).

The anterior type located in the frontal parasagittal
borderzone area manifests as somnolence and trans-
cortical motor aphasia (Ringelstein et al., 1983a,b;
Bogousslavsky and Regli 1986, 1992). When the anter-
ior borderzone infarct is located in the non-dominant

Fig. 21.9. Magnetic resonance imaging of a patient with Hanja (Korean ideogram) alexia showing an infarct involving the left lingual,
fusiform and parahippocampal gyri and a lacune in the left thalamus.
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hemisphere, mood disturbances such as apathy or
euphori a may also develop (Hashi guchi et al ., 2000).
Sometimes the anterior borderzones are affected
bilaterally, which results in akinetic mutism and
apathy as well as focal neurological deficit such as
paraparesis mimicking spinal lesion, quadriplegia or
triplegia, or bladder disturbance (Ringelstein et al.,
1983a,b; Bogousslavsky and Regli 1986, 1992).

The posterior type located in parietotemporocci-
pital triangle produces Wernicke type of aphasia,
hemispatial neglect, anosognosia, transcortical sens-
ory aphasia, cortical hemihypesthesia, sensorimotor
hemiparesis or hemianopia (Ringelstein et al., 1983a,
b; Bogousslavsky and Regli 1986, 1992).

Behavioral and neuropsychological findings
in chronic hypoperfusion
The relation between chronic ischemia and cognitive
functions in humans is not completely understood,
but several reports have suggested that cognitive
impairments can be associated with a chronic cerebral
hypoperfusion state caused by a variety of medical
conditions (Lass et al., 1999; Zuccala et al., 2001;
Antonelli Incalzi et al., 2003). For instance, cognitive

impairment is common among elderly people with
systolic hypotension caused by heart failure (Zuccala
et al., 2001). A significant decline was observed in all
cognitive domains except for attention and executive
function between 1 and 5 years after coronary artery
bypass grafting (Selnes et al., 2001). Patients with
chronic obstructive pulmonary disease showed cogni-
tive decline of frontal type with worsening hypoxemia
(Antonelli Incalzi et al., 2003). It has been reported
that the correction of a chronic cerebral hypoperfu-
sion state can lead to recovery of mental decline
(Tsuda et al., 1994; Tatemichi et al., 1995).

Cognitive impairment associated with chronic
hypoperfusion is not as distinctive as that in anterior
or posterior type of borderzone infarction (Roman
2004). It is characterized by slow onset and gradual
progression. The periventricular white matter, basal
ganglia (Pullicino et al., 1993), and hippocampus
(Crystal et al., 1993) are susceptible to chronic ische-
mic hypoperfusive states. Therefore, interruption of
prefrontal–basal ganglia circuits or hippocampal
damage may explain the cognitive decline in these
patients.

Dementia associated with stroke
of subcortical location
Behavioral and neuropsychological features
in basal ganglia lesions
Caudate infarction
Patients with infarcts in the territory of the lateral
lenticulostriate arteries show motor and neuro-
psychological deficits whereas those with infarcts in
the territory of the anterior lenticulostriate arteries
have relatively mild neuropsychological deficits
(Kumral et al., 1999).

Caudate infarction often results in abnormal
behavior and cognitive impairment (Mendez et al.,
1989; Caplan et al., 1990; Kumral et al., 1999)
(Fig. 21.11). Hemichorea (Kawamura et al., 1988) can
occur, but happens less often. Abnormal behaviors
associated with caudate infarction include abulia,
apathy, blunting of response and lack of initiative
(Mendez et al., 1989; Caplan et al., 1990; Kumral
et al., 1999). The mechanism of abulia can be explained
by interruption of the limbic–frontal connection
(Caplan et al., 1990). Agitation, anxiety and talkative-
ness or disinhibition can also occur (Richfield et al.,
1987; Caplan et al., 1990). Mendez et al. (1989)
reported that dorsolateral caudate involvement may

Fig. 21.10. Fluid attenuated inversion recovery (FLAIR) magnetic
resonance image showing a right anterior borderzone infarction and
left posterior borderzone infarction in a 92-year-old man who showed
somnolence, abulia and mild right hemiparesis. Neuropsychological
tests performed 10 days after symptom onset showed frontal
executive dysfunction and transcortical sensory aphasia.
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cause decreased spontaneous verbal and motor activ-
ities and ventromedial lesions may result in disinhib-
ited, inappropriate and impulsive behavior.

The common cognitive impairment is memory
disturbance, with retrieval defect and aphasia (Mendez
et al., 1989; Caplan et al., 1990; Kumral et al., 1999).
Patients with left caudate lesions have verbal amnesia,
while patients with right caudate lesions show visual
amnesia (Kumral et al., 1999). Neuropsychological
tests in caudate lesions show decreased free recall of
episodic and semantic items, with good recognition
memories scores (Mendez et al., 1989). These abnor-
malities have been explained by the disconnection of
the caudate from the frontal lobe (Pozzilli et al., 1987;
Kumral et al., 1999). A variety of aphasia such as
transcortical motor aphasia, characterized by seman-
tic and verbal paraphasias and perseverations without
comprehension impairment, occurs in patients with a
left caudate lesion (Alexander et al., 1987; Mendez
et al., 1989; Caplan et al., 1990; Kumral et al., 1999).
Alexander et al. (1987) argued that acute disconnec-
tion of linguistic pathways between anterior and
posterior speech areas, which are connected with the
caudate nucleus, may yield aphasia.

Lentiform nucleus infarction
Unilateral lentiform nucleus infarction (putamen and
globus pallidus) commonly cause movement disorders
such as dystonia but rarely cause neurobehavioral
disorders such as abulia or disinhibition (Bhatia
and Marsden 1994). It has also been reported that
speech disturbance, obsessive–compulsive disorder
and auditory hallucinations may occur in these
patients (Maraganore et al., 1991; Laplane et al.,
1992). Laplane et al. (1992) considered that these
psychiatric disorders in globus pallidal lesions could
be related to disturbances in the circuit linking the
frontal associative cortex and the basal ganglia.

Capsular genu lesions
Cognitive impairment in capsular genu infarction
(Fig. 21.12) is characterized by fluctuating alertness,
inattention, memory loss, apathy, abulia and psycho-
motor retardation (Tatemichi et al., 1992a). Several
reports have shown that amnesia was the major
presenting feature (Kooistra and Heilman 1988; Lai
et al., 1990; Terao et al., 1991; Chukwudelunzu et al.,
2001) but other reports showed that pure abulia

Fig. 21.11. Diffusion-weighted magnetic resonance imaging
showing a left caudate infarction in an 80-year-old man who
presented with abulia, lack of spontaneity and apathy.
Neuropsychological tests, performed 10 days later, revealed frontal
executive dysfunction, naming difficulty and mild memory
impairment with retrieval defect type.

Fig. 21.12. Fluid-attenuated inversion recovery (FLAIR) magnetic
resonance imaging showing a left genu portion of the internal
capsule including the globus pallidum in a 79-year-old man who
presented with memory impairment and behavioral changes such
as abulia and apathy. Neuropsychological tests, performed 30 days
later, revealed frontal executive dysfunction, naming difficulty and
verbal memory impairment.
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without other neurological deficits can occur (Yama-
naka et al., 1996). The most prominent findings in
capsular genu infarctions have been reported to be
faciolingual andmotor deficits as a result of the disrup-
tion of corticopontine and corticobulbar fibers
(Bogousslavsky and Regli 1990), but other series have
showed that pyramidal and corticobulbar tracts were
minimally involved (Tatemichi et al., 1992a). Essential
features of cognitive impairment in capsular genu
infarct are similar, with the clinical features found in
polar (Bogousslavsky et al., 1986) or paramedian thal-
amic infarction (Guberman and Stuss 1983).

The mechanism for cognitive impairments associ-
ated with genu infarctions seems to involve interrup-
tion of the inferior (Kooistra and Heilman 1988) and
anterior (Tatemichi et al., 1992b) thalamic peduncles.
The ventral amygdalofugal pathway sends fibers
to the dorsomedial nucleus of thalamus via inferior
thalamic peduncles (Klingler and Gloor 1960), and
the efferent pathway of dorsomedial nucleus projects
to the prefrontal cortex also through inferior thalamic
peduncles (Krettek and Price 1977). Infarction of
inferior thalamic peduncles that course in the vicinity
of the genu of the internal capsule seemingly discon-
nect dorsal medial thalamus from amygdalae and the
frontal cortex. Anterior thalamic peduncles convey
reciprocal connections between the dorsomedial
nucleus and the cingulate gyrus, as well as the pre-
frontal and orbitofrontal cortex (Nieuwenhuys et al.,
1988). Functional brain imaging showed a focal hypo-
perfusion in ipsilateral inferior and medial frontal
cortex (Tatemichi et al., 1992b; Yamanaka et al., 1996)
and hypometabolic activity in the temporal cortex
ipsilateral to the capsular lesion (Chukwudelunzu
et al., 2001).

Behavioral and neuropsychological
findings in thalamic lesions
Tuberothalamic arterial territory infarction
Cognitive and behavioral abnormalities after tubero-
thalamic artery infarction are anterograde amnesia,
apathy and frontal executive dysfunction (Fig. 21.13).
However, symptoms may differ depending on the
hemisphere involved. Patients with left-sided lesions
have transcortical aphasia, verbal and visual memory
impairment and acalculia; patients with right-sided
lesions show hemispatial neglect, visual memory
impairment and disturbed visuospatial processing
(Bogousslavsky et al., 1986).

Memory disturbance associated with thalamic
infarction is usually described as “diencephalic
amnesia” (von Cramon et al., 1985; Graff-Radford
et al., 1990). The pattern of memory loss in patients
with a thalamic lesion resembles that seen after lesions
in the medial temporal area (Aggleton and Saunders
1997). The neuropsychological findings in patients
with thalamic lesions are characterized by deficits of
free recall and recognition (van der Werf et al., 2000,
2003a) but some studies suggest that the memory
impairment is a retrieval deficit, that is, recognition
better than recall (Ghika-Schmid and Bogousslavsky
2000; Carrera and Bogousslavsky 2006). Another
feature that has been described in amnesia related
to tuberothalamic infarction is “palipsychism.”
Ghika-Schmid and Bogousslavsky (2000) reported
that most patients with tuberothalamic infarction
had palipsychism which is the superimposition of
temporally unrelated information during cognitive
activities, with ongoing parallel simultaneous pro-
cessing in more than one domain. It has also been
reported that bizarre confabulations can occur, which
are similar to those found after medial frontal lobe
lesions (Benson et al., 1996).

The anatomical basis of diencephalic amnesia
remains unclear, but it has been reported that
hippocampal-related neural structures such as the

Fig. 21.13. Diffusion-weighted magnetic resonance imaging
shows a right anterior thalamic infarct involving the anterior nucleus
and mamillothalamic fasciculus in a 63-year-old man who
developed anterograde amnesia and abulia.
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mamillothalamic tract and anterior thalamic nuclei
are critical to memory function (Graff-Radford
et al., 1990). Many reports have emphasized that the
mamillothalamic tract is responsible for anterograde
amnesia. According to van der Werf et al. (2000),
the mamillothalamic tract was affected in 24 of
25 patients with diencephalic amnestic syndrome,
whereas 11 of 13 patients with no or mild memory
impairments despite thalamic lesions had an intact
mamillothalamic tract. They argued that lesioning of
the mamillothalamic tract is the best predictor of the
occurrence of an amnestic syndrome.

As noted above, patients with thalamic lesions
but intact mamillothalamic tracts usually have no
amnesia or, if present, show mild amnesia. In these
patients, frontal cortical dysfunction may explain the
nature of the memory disorder, which shows evidence
of frontal-type memory problems including impaired
spatial working memory, increased forgetting rates,
poor prospective memory and inadequate elaborative
encoding as well as frontal disinhibition (Daum and
Ackermann 1994).

Other than amnesia, neurobehavioral symptoms
associated with tuberothalamic infarctions are apathy,
abulia, perseveration and, less often, disinhibition
(Ghika-Schmid and Bogousslavsky 2000; van der
Werf et al., 2000; Linek et al., 2005). Ghika-Schmid
and Bogousslavsky (2000) stressed the importance of
severe perseverative behavior, which is apparent in
thinking, spontaneous speech, memory and executive
tasks. Other abnormalities associated with tuberotha-
lamic artery infarction include aphasia, especially
transcortical motor aphasia; fantastic paraphasia;
neologism (Carrera and Bogousslavsky 2006); neglect
and topographic disorientation, especially after right-
sided lesions (Bogousslavsky et al., 1986); hypopho-
nia; dysarthria; and ipsilateral ptosis (Ghika-Schmid
and Bogousslavsky 2000; Kim et al., 2005).

Paramedian artery territory infarction
The essential features of an infarction in the territory
of the paramedian artery (Fig. 21.14) are clinical
evidence of arousal disturbance, memory impairment
and vertical gaze palsy combined with impairment
in attention span, orientation, intellect and visual
perception (Castaigne et al., 1981; Graff-Radford
et al., 1985; Bogousslavsky et al., 1986, 1988; Chung
et al., 1996; Schmahmann 2003). Bilateral paramedian
thalamic infarction can occur, since both thalamic
regions are occasionally supplied from a common trunk
on one side (Graff-Radford et al., 1985).

Paramedian artery territory infarction may cause
alterations in consciousness ranging from somno-
lence to coma (Weidauer et al., 2004). Consciousness
usually fluctuates and improves, but prolonged coma
may result if the lesion extends into the midbrain
tegmentum (Chung et al., 1996). Approximately
50% of patients with bilateral lesions have persistent
impairment of vigilance (Weidauer et al., 2004). The
initial stupor and subsequent hypersomnia is attrib-
utable to bilateral lesions in the intralaminar nuclei,
which are part of rostral extension of the midbrain
reticular activating system (Guberman and Stuss 1983).

Anterograde amnesia frequently develops, but
patients with paramedian thalamic infarction are
known to present with less-severe amnesia than those
with tuberothalamic infarction (Carrera et al., 2004).
The memory disturbance after paramedian thalamic
infarction has been reported to be associated with
damage to the intralaminar or dorsomedial nuclei
of the thalamus. However, there is controversy as to
whether damage to these nuclei can give rise to ante-
rograde amnesia (Carrera and Bogousslavsky 2006).
For instance, patients with a lesion affecting the

Fig. 21.14. Diffusion-weighted magnetic resonance imaging
shows bilateral paramedian infarction in a 67-year-old woman
who presented with altered mentality, and rapid stupor. One day
later, she became alert but showed persistent abulia, apathy and
severe amnesia as well as vertical gaze palsy.
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intralaminar nuclei present with discrete amnesia but
accompanied by severe distractibility, suggesting that
the intralaminar nuclei are probably not memory
structures per se (Mennemeier et al., 1992). Rather,
coexisting damage to the anterior and dorsomedial
nuclei may result in the most severe amnesia (Perren
et al., 2005). Therefore, memory disturbances associ-
ated with paramedian thalamic infarction could be
explained by frontal dysfunction resulting from
damage to dorsomedial and intralaminar nuclei (van
der Werf et al., 2000). Other behavioral abnormalit-
ies observed in paramedian thalamic infarctions
are utilization behavior (Eslinger et al., 1991) and
Kluver–Bucy syndrome, especially after bilateral
paramedian artery infarction (Muller et al., 1999).

Inferolateral artery territory infarction
Ataxia and hypesthesia are the most common symp-
toms after inferolateral territory infarct (Bogousslavsky
et al., 1988), but behavioral changes and cognitive
impairment can occur (Carrera and Bogousslavsky
2006). Patients with these lesion occasionally show
executive dysfunction, including in planning, initiation
and regulation of goal-directed behavior (van derWerf
et al., 2003b), or aphasia (Botez and Barbeau 1971).

Dementia associated with
small-vessel ischemic disease
Anatomy of cerebral small vessels
The penetrating small arteries of the brain are unique.
The vessels forming the terminal branches from the
major cerebral arteries divide and ramify in the pia
mater to cortical and deep penetrating branches. The
deep penetrating branches arise from the main artery
penetrating into white matter to the depth of 3 or
4 cm perpendicularly. They are thin and long, lacking
communications, thus constituting many independ-
ent small vascular systems. Unlike the main arterioles,
the deep penetrating branches extend into the small
lumen, thus making them sensitive to systemic hyper-
tension (Fisher 1965).

Small-vessel pathology and its
radiologic manifestations
There are several major pathophysiologic mechanisms
underlying small-vessel disease pathology. By far the
most common lesion associated with small-vessel dis-
ease is lipohyalinosis or small-artery arteriosclerosis
(Fig. 21.15), predominantly affecting the small arteries

and arterioles. The major cause of lipohyalinosis
is hypertension. It encourages thickening of the small
arterioles, by replacing normal structures with hyaline
substances, thus decreasing perfusion through arteri-
ole lumen narrowing. This results in proliferation
of smooth muscle fiber with segmental fibrinoid
degeneration (Fisher 1965).

The second most common lesion is atheromatous
disease in intracranial branching small vessels. This
results either in lacunar infarction from microather-
oma from a plaque originating in the orifice of a
branch, proliferating into the orifice or extending into
a branch from the parent artery (so-called junctional
plaque) or in microemboli. The lesion caused by
this mechanism is not located in a deep brain area
but rather in the base of the infarct in touch with the
orifice of the branch artery (Chung and Caplan 2007).
Those changes are not always related to hypertension
and are more prevalent in Asians, Africans, females
and those with diabetes mellitus.

A third lesion type results from a hemodynamic
mechanism related to large-vessel stenosis without
small-vessel disease. The brain areas supplied by these
small vessels lack collaterals, resulting in ischemic
infarct when the parent vessel is compromised, for
example MCA stenosis results in lenticulostriate
artery territorial infarct. This is also called internal
borderzone or watershed infarction. Other suggested
mechanisms are cardioembolic, vasospasm, vasculitis,
lupus anticoagulant and genetical, in CADASIL
(cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy). These
small-vessel pathologies manifest radiologically as
either lacunes or ischemic white matter changes in
brain MRI. More specifically, lacunar infarction refers

Fig. 21.15. Lipohyalinosis. Small vessels become thickened, and
normal wall components are replaced by a homogeneous, glassy
(hyaline) substance, composed of collagen and other proteins.
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to a condition of small infarctions less than 15mm
in size resulting from occlusion of one single, deep
penetrating artery (Fisher 1965).

These lesions are frequently located in deep
gray nuclei (basal ganglia and thalamus), pons and
white matter of the centrum semiovale. Ischemic
white matter changes (leukoaraiosis) in cerebral white
matter is primarily incomplete ischemic demyelination
of the subcortical white matter of the hemispheres
(Babikian and Ropper 1987). It consists of periventricu-
lar white matter (anterior cap, rim or halo and posterior
cap) and deep white matter lesions (Fig. 21.16).

Overview of subcortical vascular dementia
Small-vessel disease dementia, SVaD, refers to the
dementia resulting from ischemic lesions caused by
small-vessel disease (Roman 1993a–c).

There are two types of SVaD syndrome: one is
dementia associated with predominant subcortical
ischemic lacunes in deep nuclei (basal ganglia or
thalamus) or internal capsule, known as the lacunar
type of SVaD, and the other is dementia associated
with predominant ischemic changes in white matter,

which is known as the white matter type of SVaD
or Binswanger's disease (subcortical arteriosclerotic
encephalopathy) (Erkinjuntti et al., 2000) (Fig. 21.17
and 21.18).

Lacunar state and Bingswanger's disease com-
monly occur together because the underlying path-
ology involves the lenticulostriate and the penetrating
subcortical arterioles of the hemispheric white matter
simultaneously (Fig. 21.19). This may explain why
patients with lacunar strokes are more likely to have
white matter changes (Hijdra et al., 1990) and to
develop dementia (Tatemichi et al., 1993) than those
with other stroke subtypes.

Cognitive impairments in SVaD are related to
ischemic interruption of frontal cortical circuits
(Cummi ngs 1993 ) or disrup tion of choli nergic path-
ways that traverse the subcortical white matter (Bocti
et al., 2005 ).

Cognitive changes of SVaD largely overlap with
AD. Furthermore, some studies suggest that pure
VaD is not common and patients with SVaD might
have comorbidity of AD. However, there are differences
in the profile of cognitive deficits between patients

Periventricular
white matter lesion

(B)

Anterior cap

Rim or halo

Posterior cap

Deep white matter
lesion

Fig. 21.16. (A) Lacunar states in basal ganglia and thalamus. (B) Periventricular white matter and deep white matter.

Fig. 21.17. Subcortical vascular dementia with predominantly lacunar changes.
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with AD and SVaD. Executive functions, planning
and sequencing, speed of mental processing, perform-
ance on unstructured tasks and attention tend to be
disproportionately impaired in SVaD. Memory
impairment in AD is mediated by temporal areas;
consequently, performance is poor in both recall
and recognition. However, memory deficits in SVaD
are more related to inattention through frontal execu-
tive dysfunction, leading to a retrieval defect pattern
that is worse in recall but better on recognition and
cued recall (Desmond et al., 1999). The traditional
cognitive screening test, the Mini-Mental State Exami-
nation (MMSE), is biased toward detection of memory
and language disturbance and, therefore, may not be
sensitive in detecting the early presence of executive
dysfunctions in SVaD (Dubois et al., 2000).

Frontal involvement even in the early stage of
SVaD also explains the fact that behavioral abnormal-
ities in SVaD differ from those in AD. That is, patients
with SVaD are more likely to show depression,

agitation and anxiety than those with AD. Therefore,
it is important to recognize behavioral manifestation in
SVaD for early detection of these diseases.

Neurological aspects of subcortical
vascular dementia
Patientswith lacunar states oftenhave ahistoryof abrupt
onset and sometimes stepwise deterioration, as in MID.
They tend to have more extensive medical histories of
hypertension, and a greater likelihood of focal neurolo-
gic symptoms and signs compared with those with
Binswanger's type of SVaD (Stuss and Cummings
1990). Unlike most of the other vascular dementias,
Binswanger's disease often has an insidious onset with
no significant lateralizing symptoms, and it may some-
times be mistaken for a degenerative disorder at the
beginning of the disease process (Pantoni et al., 1996).

Once the disease has progressed, neurological
manifestations of two groups do not differ. The

Fig. 21.19. Subcortical vascular dementia with both mixed lacunar and white matter changes.

Fig. 21.18. Subcortical vascular dementia with predominantly white matter changes or Binswanger's disease.
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neurological deficits associated with the two groups of
SVaD can be divided into corticobulbar, corticospinal
and extrapyramidal dysfunctions. Corticobulbar dys-
functions include central facial palsy, dysarthria and
dysphagia. In addition to these symptoms, emotional
lability or pathological laughing or crying with jaw
jerk can occur, especially when the corticobulbar
tracts are affected bilaterally. Corticospinal involve-
ment manifests as motor weakness, asymmetrically
increased deep tendon reflexes, and extensor plantar
responses. When ischemic insult involves the extra-
pyramidal system, vascular parkinsonism occurs,
which includes bradykinesia and rigidity, as well as
small stepped gait (marche à petits pas), decreased
arm swing, stooped posture, multistep turning, festi-
nation and shuffling du ring walking (Ro man 1987).
Finally glabellar, snout, rooting and grasp reflexes of
frontal releasing signs are often present.

Neuropsychological aspect of subcortical
vascular dementia
Frontal executive function, attention and speed
The subcortical syndrome characterized by promin-
ent dysexecutive syndrome, bradyphrenia and mild
memory deficits of retrieval is the primary clinical
manifestation of SVaD (Desmond et al., 1999). Of
the frontal subcortical circuit, the anterior cingulate
circuit and the dorsolateral prefrontal circuit play
major roles in manifestation of SVaD symptoms
(Cummings 1983; Cummings and Benson 1993).

The impairment in executive function reflects the
deficits in a number of cognitive functions, including
attention or short-term memory (working memory),
ability to plan a prospective action and behavioral
monitoring, and is responsible for a functional dis-
ability in everyday complex actions (Baddeley 1986;
Mega and Cummings 1994; Damasio 1998).

Patients with SVaD have significantly greater
perseveration during tasks that assess set-shifting than
during semantic testing (Lamar et al., 1997). A recurrent
perseveration is believed to be the result of left tem-
poral and parietal lobe pathologies and is associated
with poor memory and language function, while a
stuck-in-set perseveration is caused by frontosub-
cortical pathologies and is associated with the failure
in mental set-shifting (Eslinger and Grattan 1993).
Unstructured tasks that require executive abilities,
such as behavioral initiation, are also useful assess-
ments. Other neuropsychological investigations sug-
gest that deficits of frontal function can be identified

before the onset of memory or other cognitive disturb-
ances in patients with small-vessel disease and ische-
mic injury to deep hemispheric gray and white matter
structures. These findings suggest that changes in
frontal functions occur well before the onset of
memory problems in SVaD and this is a potential key
to identifying patients at risk for developing VaD
(Boone et al., 1992).

Memory and visuospatial function
Short-term memory, as estimated by Digit Span, has
consistently been reported to be similarly affected
in SVaD and AD (Looi and Sachder 1999). The com-
parison of qualitative memory aspects in SVaD and
AD have shown that both groups perform poorly on
free recall of memory test. When free recall and
recognition abilities are compared, patients with
SVaD show better recognitionmemory than free recall,
while those with AD show lesser efficacy on cued recall
and impaired recognition than those with SVaD (Looi
and Sachder 1999; Tierney et al., 2001). This pattern
is considered a retrieval defect pattern of memory,
where patients are helped by semantic cues. Use of cued
recall and recognition tasks significantly enhances the
ability to discriminate SVaD from AD (Lafosse et al.,
1997). Better performances on recognition than recall
also suggest that the underlying mechanisms of
memory deficits in SVaD are problems of psycho-
motor slowing and retrieval more than storage prob-
lems. Visuospatial functions are reported to be better in
SVaD than in AD, but overall specificity and positive
predictive values are low (Schmidtke and Hüll 2002).

Language function
Language has not been extensively studied in SVaD.
Language tasks requiring semantics, including com-
plex syntax comprehension and picture naming, are
impaired in both AD and SVaD, but single-word
repetition, oral reading of words and sentences and flu-
ency output is relatively spared in SVaD (Vuorinen et al.,
2000). On confrontation naming, patients with SVaD are
better on tests of naming, indicating preservation of
semantic knowlege (Tierney et al., 2001; Baillon et al.,
2003), but those with SVaDmanifest more perseveration
in naming than those with AD (Cannatà et al., 2002).

Neuropsychiatric aspects of SVaD
subcortical vascular dementia
There are more profound behavioral and affect
changes in SVaD than in AD in most reports. Using
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the Neuropsychiatric Inventory (NPI) to explore
behavior, those with cortical VaD and SVaD had
higher mean composite NPI scores in all domains
than those with AD (Aharon-Peretz et al., 2000; Fuh
et al., 2005). Their behavioral changes are character-
ized by depression, personality change, emotional
bluntness and psychomotor retardation. Subsequent
studies also report that depression and anxiety are
more common in SVaD than in AD (Padovani et al.,
1995). Even when recognizing emotion, those with
SVaD performed significantly worse than those with
Alzheimer type dementia on the emotion recognition
task even when the cognitive status of each group did
not differ (Shimokawa et al., 2000).

Vascular mild cognitive impairment
The term vascular cognitive impairment (VCI) was
first proposed as an umbrella term to emphasize the
preventability of vascular-related cognitive dysfunc-
tion (Bowler and Hachinski, 1995) (see also Ch. 11).
It comprises all types of vascular-related events.
To minimize confusion related to the concept of MCI
and for criteria utilized with mildly impaired groups,
the term vascular MCI (V-MCI) is now being used for
the group of patients with MCI of vascular origin. An
alternative term is vascular cognitive impairment no
dementia, VCIND (Rockwood et al., 1999). The most
widely used diagnostic criteria of V-MCI is that of the
Canadian Study of Health and Aging (Rockwood,
1999). The importance of V-MCI is that it is the most
prevalent form of vascular-related cognitive disorder
among those aged 65 to 84 years (Rockwood 1999).

Furthermore, the clinical importance of V-MCI
might be even higher than that of the degenerative
types of MCI since modifying the vascular risk factors
and drug treatment could prevent the progression of
V-MCI to vascular dementia. Nonetheless, diagnostic
criteria and the clinical and imaging characteristics of
V-MCI have not been well defined. The most widely
used diagnostic criteria for V-MCI may be the criteria
of VCIND proposed by Canadian Study of Health
and Aging (Standardization of the Diagnosis of
Dementia in the Canadian study of health and aging)
(Rockwo od et al ., 1999). Howe ver, the se cri teria
include patients with multiple or single territory
infarction and showing diverse clinical features
according to the involved vessels, whereas the vascu-
lar cognitive impairment associated with small-vessel
disease can be relatively homogeneous in terms of
both lesion location and clinical manifestations.

A search of PubMed with two key words, “subcort-
ical vascular” and “MCI” gave a total of 11 articles, of
which only six were relevant to the topic of V-MCI
associated with subcortical small-vessel disease
(Frisoni et al., 2002; Meyer et al., 2002; de Mendonca
et al., 2005; Galluzzi et al., 2005; Zanetti et al., 2006;
Bombois et al., 2007). Of the six papers (Table 21.1),
only two provided relatively detailed criteria for
subject recruitment: one paper was a cross-sectional
study involving only 29 patients (Galluzzi et al., 2005)
and the other was a longitudinal study involving
29 patients (Frisoni et al., 2002).

These studies have focused on neuropsychological
features and have not looked at whether the patients
with V-MCI defined with their criteria differ from
other groups with dementia or MCI in terms of MRI
or PET findings. Our group has conducted studies
involving patients with MCI associated with small-
vessel disease, which we call subcortical vascular
MCI (svM CI; Seo et al ., 2008 a,b). Diag noses of svMCI
were based on the following criteria modified from
those prop osed by Petersen et al. (1999): (1) subj ect-
ive cognitive complaints by the patient or the care-
giver; (2) normal general cognitive function as
measured by a score on the Mini-Mental State Exam-
ination (MMSE) above the 16th percentile of age- and
sex-matched norms; (3) normal activities of daily
living as judged by both an interview with a clinician
and the standardized ADL scale; (4) objective cogni-
tive decline on standardized neuropsychological tests;
(5) presence of focal neurological signs suggestive of
stroke; (6) significant small-vessel ischemic changes
without territory infarction on T2-weighted or fluid
attenuated inversion recovery (FLAIR) images
defined as periventricular white matter high signal
(caps or rim) longer than 10 mm, and deep white
matter high signal consistent with extensive white
matter lesion or diffusely confluent lesion � 25 mm
in maximum diameter. Compared with patients with
SVaD, those with svMCI were worse in all cognitive
domains apart from recognition of Rey figures, alter-
nating hand movement and Luria loop, where the
two groups showed comparable performances (Seo
et al ., 2008a). In another study (Se o et al ., 2008b) ,
we compared neuropsychological performances
between patients with svMCI and those with amnestic
MCI (aMCI), showing that patients with svMCI per-
formed less well in frontal executive function and the
Rey copy task than patients with aMCI, whereas the
opposite was true for memory, which is consistent
with the previous reports (Galluzzi et al., 2005).
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These patients were also compared in terms cortical
atrophy pattern using three-dimensional volumetric
images for cortical thickness analysis across the entire
brain (Seo et al., 2008a). As presented in Fig. 20.20,
compared with healthy controls, patients with svMCI
showed cortical thinning in inferior frontal and orbi-
tofrontal gyri, anterior cingulate, insula, superior
temporal gyrus and lingual gyrus, while cortical thin-
ning in patients with SVaD involved all these areas
plus dorsolateral prefrontal and temporal cortices.
These findings suggest that a hierarchy exists between
svMCI and SVaD and that svMCI defined according
to our criteria is a transitional stage between healthy
controls and SVaD. Another imaging study using
[18F]-fluorodeoxyglucose positron emission tomog-
raphy showed that svMCI is distinct from aMCI in
terms of glucose metabolism (Seo et al., 2008b).
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Appendix
National Institutes of Neurological
Disorders and Stroke and the Association
Internationale pour la Recherche et
l`Enseignement en Neurosciences
(NINDS-AIREN) criteria for vascular dementia

Table 21.1. Reported articles in subcortical vascular mild cognitive impairment

Authors Subjects Types of study Results Diagnostic criteria

Meyer et al. (2002) 10 svMCI Longitudinal
(3.72� 2.94 years)

During 3.72� 2.94 years of follow-
up of normal subjects, 12 of 291
developed subcortical small-vessel
dementia; of these, 10 patients
had prodromal MCI

Modified Petersen's criteria þ
focal neurological sign þ small-
vessel features (detailed
description of small-vessel
features was not given)

Frisoni et al. (2002) 29 svMCI Longitudinal
(32� 8 months)

29 patients with V-MCI showed a
poor performance on frontal tests
and impairment of balance and
gait; of those followed for at least
40 months, 50% with V-MCI died

Modified Petersen's criteria þ
modified criteria for SVaD from
Erkinjuntti et al. (2000)

Galluzzi et al. (2005) 29 svMCI Cross-sectional Letter fluency, digit span forward,
EPS, stance and gait, and irritability
were best prediction of svMCI

Modified Petersen's criteria þ
modified criteria for SVaD from
Erkinjuntti et al. (2000)

Mendonca et al.
(2005)

15 svMCI Cross-sectional Of 40 with MCI, 15 were found
to have subcortical vascular
features

Modified Petersen's criteria þ
Hachinski ischemic score þ
small-vessel features (detailed
description of small-vessel
features was not given)

Zanetti et al. (2006) 34 with mcd-MCI Longitudinal
(3 years)

Of 34 with mcd-MCI, 9 evolved
to SVaD

Multiple domain MCI þ ischemic
changes shown by CT (detailed
description of small-vessel
features was not given)

Bombois et al.
(2007)

170 consecutive
MCI patients

Cross-sectional Of 170MCI, subcortical
hyperintensities were found in 157

NA

Notes:
svMCI, subcortical vascular mild cognitive impairment; mcd, minimal cerebral dysfunction; SVaD, subcortical vascular dementia;
NA, not available.

Probable criteria
1. Dementia. Impairment of memory and > 2 cognitive domains
2. Cerebrovascular disease:

� focal signs on neurologic examination (hemiparesis,
lower facial weakness, Babinski's sign, sensory deficit,
hemianopia, and dysarthria)

� evidence of relevant cerebrovascular disease by brain
imaging: large vessel infarcts, single strategically placed
infarction, multiple basal ganglia and white matter lacunes
(WMLs), extensive WMLs or combinations thereof

3. A relationship between the above disorders indicated by the
presence of � 1 of the following:
� onset of dementia within 3 months after a recognized
stroke

� abrupt deterioration in cognitive functions
� fluctuating, stepwise progression of cognitive deficits

4. Clinical features consistent with the diagnosis of probable
vascular dementia:
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State of California Alzheimer's Disease
Diagnostic and Treatment Centers (ADDTC)
criteria for vascular dementia (ischemic
vascular disease; IVD)

Diagnostic and Statistical Manual of Mental
Disorders, 4th edn (DSM-IV) diagnostic
criteria for vascular dementia

Hachinski Ischemic Scale for vascular
dementia

� early presence of a gait disturbance, history of unsteadiness
of frequent, unprovoked falls, early urinary incontinence,
pseudobulbar palsy, personality and mood changes

Possible
1. Dementia with focal neurologic signs but without

neuroimaging confirmation of the definite cerebrovascular
disease, or

2. Dementia with focal signs but without a clear temporal
relationship between dementia and stroke

3. Dementia and focal signs but with a subtle onset and
variable course of cognitive deficits

Adapted from Roman et al. (1993a–c). Reproduced with permission.

Probable
A. Dementia and evidence of two or more ischemic strokes

on the basis of the history, neurologic signs and/or findings
on neuroimaging studies (CT scan or T1-weighted MRI study)

B. The diagnosis of probable IVD is supported by:

1. Evidence of multiple infarctions in brain regions known to
affect cognition

2. A history of transient ischemic attacks
3. A history of vascular risk factors (e.g. hypertension, heart

disease, diabetes mellitus)
4. Elevated Hachinski Ischemic Scale score

Possible
Dementia and one or more of the following:

A. A single stroke without documented temporal relationship to
the onset of dementia, or

B. Binswanger's syndrome (without multiple strokes), including
all of the following:

1. Early-onset urinary incontinence or gait disturbance not
otherwise explained

2. Vascular risk factors
3. Extensive white matter changes on neuroimaging studies

Definite
Diagnosis requires histopathologic examination of the brain,
as well as:

A. Clinical evidence of dementia

B. Pathologic confirmation of multiple infarcts, some outside
of the cerebellum

Mixed dementia
In the presence of one or more other systemic or brain disorders
thought to be causally related to the dementia

Adapted from Chui et al. (1992). Reproduced with permission.

A. The development of multiple cognitive deficits manifested
by both:

1. Memory impairment (impaired ability to learn new
information or to recall previously learned information).

2. One (or more) of the following cognitive disturbances:

(a) aphasia (language disturbance)
(b) apraxia (impaired ability to carry out motor activities

despite intact motor function)
(c) agnosia (failure to recognize or identify objects despite

intact sensory function)
(d) disturbance in executive functioning (planning,

organizing, sequencing, abstracting)

B. The cognitive deficits in criteria A1 and A2 each cause
significant impairment in social or occupational functioning
and represent a significant decline from a previous level of
functioning.

C. Focal neurologic signs and symptoms (e.g. exaggeration
of deep tendon reflexes, extensor plantar response,
pseudobulbar palsy, gait abnormalities, weakness of an
extremity) or laboratory evidence indicative of
cerebrovascular disease (e.g. multiple infarctions involving
cortex and underlying white matter) that are judged to be
etiologically related to the disturbance

D. The deficits do not occur exclusively during the course
of a delirium.

Reprinted with permission from American Psychiatric Association
(1994).

Characteristic Scorea

Abrupt onset 2

Stepwise progression 1

Fluctuating course 2

Nocturnal confusion 1

Relative preservation of personality 1

Depression 1

Somatic complaints 1

Emotional incontinence 1

History of hypertension 1

History of strokes 2

Evidence of associated atherosclerosis 1
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International Classification of Disease-10
(ICD-10) research criteria for vascular
dementia
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Chapter

22 CADASIL: a genetic model of arteriolar
degeneration, white matter injury
and dementia in later life
Stephen Salloway, Thea Brennan-Krohn, Stephen Correia, Michelle Mellion and Suzanne delaMonte

Introduction
Cerebral microvascular disease, as seen on magnetic
resonance imaging (MRI) is common in the elderly
(de Leeuw et al., 2000) and there is growing evidence
that it makes a major contribution to cognitive
impairment and dementia in the elderly, especially
in the presence of fibrillar amyloid and tau pathology
(Bennett et al., 1992, 1994; Snowdon, 1997; Snowdon
et al., 2000; White et al., 2002) Understanding the
unique impact of cerebral microvascular disease on
cognition in the elderly is challenging because the
base rate of Alzheimer's disease (AD) is high in this
age group (Alzheimer's Association, 2007) making it
difficult to reliably exclude patients with concomitant
AD (Jellinger, 2002).

The CADASIL syndrome (cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy) provides a valuable model for
studying the pathogenesis of microvascular disease
and the specific impact of subcortical vascular white
matter injury on cognitive function. CADASIL is a
genetic disorder characterized by progression of
subcortical arteriolar degeneration and white matter
lesions, with the development of white matter changes
and clinical symptoms in early to mid adulthood, well
before the onset of significant Alzheimer's pathology.
Subcortical vascular dementia occurs in later stages
of the illness, with a general correspondence between
the severity of white matter lesions on MRI and the
extent of cognitive deficits (Amberla et al., 2004).
Moreover, the cognitive profile of CADASIL overlaps
considerably with that of sporadic ischemic vascular
disease in the elderly but differs from that of patients
with AD (Charlton et al., 2006). Taken together, these
observations provide support for the consideration of

CADASIL as a useful model of sporadic ischemic
vascular disease in the elderly. Further, much has
been learned about mutations in the Notch3 gene
and notch signaling, providing a model for exploring
the molecular pathogenesis of other forms of micro-
vascular disease in the elderly.

CADASIL
CADASIL is a genetic, adult-onset neurologic disorder
characterized by recurrent subcortical strokes, which
result in vascular dementia generally in the absence of
vascular risk factors. The responsible gene has been
identified as Notch3 on chromosome 19p131–13.2
(Joutel et al., 1996). The phenomenon of a family
with small vessel disease with no risk factors and
vascular dementia was first described by van Bogaert
in 1955 (cited in Bousser and Tournier-Lasserve,
2001). Since that time, reports of this familial cerebral
arteriopathy have appeared in the literature under
different eponyms, such as hereditary multi-infarct
dementia, chronic familial vascular encephalopathy
and familial Binswanger's syndrome (Salloway and
Desbiens, 2004). It was not until 1993, that Joutel
et al. (1993) coined the term CADASIL to accurately
describe this systemic arteriopathy according to its
main clinical and MRI features.

Epidemiology and vascular
risk factors
The true prevalence of CADASIL is not yet known.
Families affected by CADASIL have been reported
throughout the world, and though awareness of the
disorder is increasing, the condition remains under-
diagnosed. Dong et al. (2003) screened 218 consecu-
tive patients presenting with lacunar stroke for
CADASIL mutations in exons 3–6 of the Notch3 gene
and found a single mutation, giving a frequency of
0.05%. However, when the screening group was
narrowed to patients with both lacunar stroke and
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leukoaraiosis, frequency increased to 2.0% for those
with disease onset at 65 years and 11.1% for those with
disease onset at 50 years. CADASIL is not strongly
associated with vascular risk factors such as hyperten-
sion (Desmond et al., 1999) and neither white matter
hyperintensities (WMH) nor lacunar infarction are
significantly associated with blood pressure or glucose
control in group analyses (Viswanathan et al., 2006).

Clinical features
CADASIL is characterized by five main clinical fea-
tures: ischemic stroke; WMHs and lacunar infarcts,
identified by MRI; migraine; mood disturbances and
dementia. Figure 22.1 shows the typical age of onset
and progression of symptoms in CADASIL (Singhal
et al., 2004). T he cli nical presentatio n o f CA DASIL
varies widely both among and within families (Dichgans
et al., 1998), and no significant correlations between
genotype and phenotype have yet been found. The dis-
order usually becomes evident in young tomiddle adult-
hoodwithmigraine or an ischemic event. Themean age
of symptom onset is approximately 37(�13) years
(Dichgans et al., 1998; Desmond et al., 1999). The
mean disease duration is approximately 20 years and
the mean age of death approximately 65(�10) years
(Chabriat et al., 1995; Dichgans et al., 1998; Desmond
et al., 1999). The mean age of death appears to be 5–10
years higher in women than in men (Dichgans et al.,
1998; Opherk et al., 2004). Functional disability is rare
before the age of 40, but increases rapidly with age.
Half of all patients aged 45–54 years are significantly
disabled, and 38% of patients aged 55–64 years are
unable to walk without assistance. Patients become
bedridden at a median age of approximately 64, and

by the time of death nearly 80% are completely
dependent (Dichgans et al., 1998; Opherk et al., 2004).

Migraine
Migraine with aura is a common early symptom,
affecting 40–60% of patients with CADASIL; the
mean age of onset is 28.3 (�11.7) years (Desmond
et al., 1999) but the onset of migraine has been
reported in patients as young as 6 years (Vahedi
et al., 2004). The auras are predominantly visual and
sensory, and most are indistinguishable from typical
migraine with aura. However, there is a higher fre-
quency of basilar, hemiplegic and prolonged aura in
this population. Hemiplegia may occur during a
headache episode and the Notch3 gene is located in
close proximity to the gene for familial hemiplegic
migraine on chromosome 19 (Salloway and Desbiens,
2004). The frequency of attacks is variable and can
range from one attack in a lifetime to several permonth.
Although white matter lesions are fairly common
among patients with migraine, the pattern is usually
milder in severity (Agostoni and Rigamonti, 2007),
and the frequency of migraine with or without aura in
patients with sporadic subcortical ischemic vascular
disease is unclear. CADASIL provides an important
window for exploring the mechanisms underlying the
interface of migraine and cerebral ischemia.

Ischemic episodes
Ischemic stroke can begin anywhere from a person's
thirties to their sixties; it affects 85% of patients with
CADASIL and is the most common initial presenta-
tion (Bousser and Tournier-Lasserve, 2001). Clini-
cally, patients present with classic lacunar syndromes
that produce sensory or motor symptoms. However,
some ischemic events will be clinically silent or pro-
duce mild and vague symptoms of dizziness, fatigue
or confusion. Ischemic events usually recur, with
an accumulation of deficits eventually leading to a
classical stepwise decline, with gait difficulties, pseudo-
bulbar palsy, urinary incontinence and a dementia
syndrome with frontal lobe features (Leim et al.,
2007). Ischemic events tend to have the greatest clinical
impact in the fifties to seventies, with increasing evi-
dence that disability in CADASIL is closely tied to the
number and size of lacunar infarctions and hypodense
lesions on T1-weighted MRI. Ischemic episodes usually
occur earlier in CADASIL than in sporadic forms of
subcortical vascular disease, with evidence of neuro-
logical resilience early in the course but classical step-
wise deterioration late in the illness.
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Fig. 22.1. Age of onset and progression of core clinical features
of CADASIL.
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Psychiatric disturbance
Psychiatric disturbances are also evident in CADASIL,
but behavioral symptoms are not well characterized.
Families frequently note symptoms of irritability, mild
depression and a decline in motivation and speed of
responding as the first signs of the illness (Dichgans
et al., 1998; Thomas et al., 2002; Leyhe et al., 2005).
More significant mood disturbance affects approxi-
mately 20% of patients (Chabriat et al., 1995; Dichgans
et al., 1998; Desmond et al., 1999). Mood lability
may be seen, with depression alternating with mania
(Bousser and Tournier-Lasserve, 2001) and panic
attacks, schizophrenia and personality changes have
been reported (Chabriat et al., 1995; Lagas and Juvonen,
2001; Thomas et al., 2002; Leyhe et al., 2005). Patho-
logical affect, apathy and disinhibition may occur in
later stages.

Cognitive impairment
Cognitive impairment generally occurs in the domains
of attention, processing speed, executive functioning
and inefficient learning and retrieval of new informa-
tion. Deficits are particularly evident on tasks requiring
cognitive set-shifting, response inhibition, working
memory, verbal fluency and abstract concept forma-
tion (Taillia et al., 1998; Yousry et al., 1999; Amberla
et al., 2004; Peters et al., 2004a, 2005). Visuospatial
impairments have been reported less frequently (e.g.
Taillia et al., 1998; Yousry et al., 1999). Verbal fluency
was found to be consistently impaired in CADASIL
and Binswanger's disease, with greater levels of
impairment than AD (Charlton et al., 2006). Episodic
memory is generally well preserved until late in the
illness (Amberla et al., 2004) and tends to be charac-
terized by encoding and retrieval deficits rather than a
storage deficit. Overall, the cognitive deficits elicited
by formal neuropsychological assessment align well
with the subjective complaints of patients in the early
stages of the illness, which tend to focus on reduced
mental efficiency and poor recall. The cognitive def-
icits worsen with age (Peters et al., 2004a) and with
the presence of infarction (Amberla et al., 2004), and
demented and non-demented patients with CADASIL
differ mainly by the severity rather than the pattern
of cognitive deficits (Peters et al., 2005). A review
of some key studies of cognitive functioning in
CADASIL, with a focus on studies with the largest
samples, follows.

Amberla et al. (2004) found that patients with
genetically confirmed CADASIL but no clinical

evidence of transient ischemic attack, stroke or
dementia performed more poorly than controls on
tests of immediate memory, working memory and
executive functions. The authors interpreted this as
evidence of incipient cognitive impairment in CADA-
SIL even before the onset of clinical ischemic
symptoms.

Peters et al. (2005) reported on 65 patients with
CADASIL and 30 control individuals matched for
age, gender and education. CADASIL subjects dem-
onstrated pronounced deficits on measures of atten-
tion and psychomotor processing speed (e.g. Stroop
interference condition, Trails B, and a composite
score from performance on Symbol-Digit, digit-span
backward and digit cancellation tasks). The pattern of
cognitive test performance was similar in CADASIL
subjects who scored below the cutoff for dementia
on the Mattis Dementia Rating Scale (i.e.� 123 versus
> 123) (n¼ 9) and those who scored above it
(n¼ 56), but deficits were far more pronounced
among the latter group. Moreover, CADASIL subjects
over 45 years of age performed significantly more
poorly than controls on more tests than those under
45 years.

Peters et al. (2004b) also examined the 2-year pro-
gression of symptoms in 80 CADASIL individuals –
the largest systematically studied cohort to date.
Deficits were greatest on tests of mental processing
speed (Trails A); executive functioning, with impair-
ments in rapid cognitive set-switching (Trails B); and
ability to inhibit a prepotent response in favor of an
alternative response (Stroop Interference Task). Lan-
guage functions and episodic memory were generally
well preserved over the follow-up period. Cognitive
test performance and variability were inversely corre-
lated with age. There was a significant correlation
between cognitive test performance and measures of
functional disability and stroke.

The foregoing review indicates that the cognitive
features of CADASIL tend to coalesce around the
cognitive domains of complex attention, processing
speed and executive functioning. These deficits likely
arise because of a partial or, in the presence of lacunar
infarction, complete disconnection. These same
cognitive domains are the most consistently affected
in sporadic subcortical ischemic vascular disease
(Gunning-Dixon and Raz, 2003; Desmond, 2004) and
disconnection is thought to underlie these deficits
as well (Roman, 1987). However, there is evidence
that hippocampal atrophy is a key factor in the devel-
opment of the dementia syndrome in patients with
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subcortical lacunar infarctions (Fein et al., 2000). The
role of the hippocampus in the development of
dementia in CADASIL is uncertain. In a preliminary
study, our group showed no difference in hippocam-
pal volume between a group of eight non-demented
CADASIL patients and 10 age-matched controls
(Patel et al., 2007). However, O'Sullivan and colleagues
(2007) recently demonstrated that hippocampal volume
is an independent predictor of cognitive performance
in CADASIL.

Magnetic resonance imaging features
Widespread diffuse WMHs, indicating leukoencepha-
lopathy, on T2-weighted MRI and T1-weighted hypo-
densities are the imaging hallmarks of CADASIL
(Fig. 22.2). The WMHs usually appear as punctate or
nodular signals between the ages of 20 and 30 years
(van den Boom et al., 2003a), although individuals
under 20 have not been extensively studied. Almost all
gene-positive individuals will have evidence of WMH
after age 30 (va n den Boom et al. , 2003a). Ov er time,
the WMHs become diffuse, symmetric and involve all

of the white matter. Cerebral microbleeds are also
common in CADASIL, occurring in approximately
one-third of individuals (Lesnik Oberstein et al., 2001;
Dichgans, 2002; Viswanathan et al., 2006). Intracerebral
hemorrhage has been less frequently reported (Maclean
et al., 2005; Choi et al., 2006; Werbrouck and de
Bleecker, 2006) and may be related to the number of
cerebral microbleeds (Choi et al., 2006) and anticoagu-
lant treatment (Werbrouck and de Bleecker, 2006).

The WMHs occur most prominently in the cen-
trum semiovale, frontal, temporal and periventricular
white matter (Auer et al., 2001). They are also found
in the internal and external capsules; corpus callosum;
subcortical arcuate fibers; brainstem, particularly the
pons and cerebellum; and in subcortical gray matter
structures, including the caudate and lentiform nuclei
and the thalamus (Chabriat et al., 1998, 1999a; Yousry
et al., 1999; Auer et al., 2001; O'Sullivan et al., 2001).
Orbitofrontal and occipital white matter are relatively
spared. Lacunar infarcts tend to have a similar distri-
bution (Yousry et al., 1999) but are somewhat less
frequent in parietal, occipital and infratentorial
regions (van den Boom et al., 2002).

(A)

(C) (D)

(B) Fig. 22.2. White matter hyperintensities on axial
fluid-attenuated inversion recovery (FLAIR) magnetic
resonance images in CADASIL. (A) A 25-year-old mutation
carrier with no symptoms. (B) A 45-year old with very early
cognitive symptoms. Arrows show white matter
hyperintensities in the anterior temporal lobes. (C) A 58-year
old with executive dysfunction and moderate areas of
confluent white matter hyperintensities in the
periventricular and deep white matter. (D) A 65-year old
with dementia and extensive white matter hyperintensities
with multiple lacunar infarctions.
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Microbleeds occur in CADASIL, particularly
with increasing age (Lesnik Oberstein et al., 2001;
Dichgans, 2002), occurring most commonly in
the thalamus, basal ganglia and brainstem (Lesnik
Oberstein et al., 2001; Viswanathan et al., 2006): a
distribution that contrasts with that of WMH and
lacunes (Viswanathan et al., 2006). They have been
shown to be associated with elevated systolic blood
pressure, a history of hypertension, poor glucose
control (indicated by glycosylated hemoglobin levels)
and the volume of WMH and lacunar infarction
(Viswanathan et al., 2006).

The regional distribution of MRI lesions in
CADASIL corresponds with the cerebral angioarchi-
tecture (van den Boom et al., 2003b). The lesions
are thought to arise from disruption of normal cere-
bral hemodynamics (van den Boom et al., 2003b)
resulting from the degradation of the smooth muscle
layer, particularly in deep penetrating small arteries
(Chabriat et al., 1999a; Auer et al., 2001). There is
a positive correlation between age and both T1- and
T2-weighted lesion load (Chabriat et al., 1999a;
Opherk et al., 2006; Peters et al., 2006). Opherk
et al. (2006) demonstrated a strong modifying effect
of genetic factors on the MRI lesion volume in
CADASIL. However, prior studies failed to find an
association between the specific genetic abnormalities
and MRI lesion load (Dichgans et al., 1999; Singhal
et al., 2004). The discrepant results could reflect
differences in the way that the genetic information
was analyzed.

The MRI features of CADASIL overlap consider-
ably, with the more common sporadic form of subcort-
ical ischemic vascular changes related to hypertensive
arteriosclerosis (Davous, 1998). However, certain MRI
features may help to differentiate the groups, particu-
larly the presence of anterior temporal WMH, and
extension of WMH into the cortical U-fibers (Auer
et al., 2001). Patients with CADASIL also tend to have
greater WMH involvement in the superior frontal
white matter (Auer et al., 2001) and in the external
capsule and corpus callosum (O'Sullivan et al., 2001;
Markus et al., 2002), although these regions are less
specific for CADASIL. Identification of WMH in the
anterior temporal lobe and in the external capsule may
also help to differentiate CADASIL from multiple
sclerosis (O'Riordan et al., 2002), a common mis-
diagnosis in CADASIL (Trojano and Paolicelli, 2001).

MRI studies in CADASIL have generally found
associations between white matter lesion load and
extent of functional and cognitive impairment. In a

sample of 75 patients, Chabriat et al. (1999b) found
that dementia only occurred in the presence of high-
grade WMHs. Using semi-automated techniques,
Dichgans et al. (1999) studied a group of 64 patients
with CADASIL and found that both lacunar infarct
and WMH volumes were significantly correlated with
measures of functional disability and were inversely
correlated with overall cognitive function based on
the Mini-Mental State Examination (MMSE). Liem
et al. (2007) demonstrated that lacunar lesion load is
more predictive of cognitive dysfunction than either
WMH or microbleeds. In contrast to these studies, a
few reports in the literature with smaller groups of
patients have failed to demonstrate an association
between MRI lesions and extent of disability or cog-
nitive impairment (e.g. Taillia et al., 1998; Trojano
et al., 1998; Scheid et al., 2006).

Peters et al. (2006) showed that the progression
of WMH over time may be a less sensitive predictor
of decline than loss of brain volume. They demon-
strated significant loss of brain volume over a 2-year
follow-up in a group of 76 patients with CADASIL.
Age and hypertension were significant predictors
of volume loss over the follow-up period but
T2-weighted lesion load at baseline was not. Volume
loss over the follow-up period was significantly
associated with declines on clinical measures of
stroke-related disability and on a structured dementia
interview, but only a statistical trend was found
for the association with the Mattis Dementia Rating
Scale. Change in volume identified in T2-weighted
images was not significantly correlated with change
in any of these clinical measures. This study highlights
the potential for brain volume measurements as a
predictor of decline in CADASIL.

Studies in CADASIL using MRI are limited by the
sensitivity of conventional T2-weighted techniques to
subtle white matter injury that nonetheless contrib-
utes to cognitive impairment (Filippi and Grossman,
2002). Diffusion-tensor imaging (DTI) is more sensi-
tive to disruption of white matter integrity than
conventional MRI methods (Moseley, 2002). This
technique provides indirect information about the
structural integrity of white matter based on measure-
ment of the magnitude and orientation of water dif-
fusion in tissue (Malloy et al., 2007). Higher levels of
diffusivity and lower levels of diffusion directional
coherence (anisotropy) are interpreted as evidence of
decreased white matter integrity. Diffusion-tensor
imaging is an excellent technique for studying the full
spectrum of white matter change in CADASIL.
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Diffusion-tensor imaging studies in CADASIL
have consistently found declines in white matter
integrity compared with controls in both lesioned
and normal-appearing white matter (NAWM) on
T2-weighted imaging and in certain subcortical
gray matter structures. These DTI changes correlate
significantly with measures of disability and cognitive
function. For example, Chabriat et al. (1999b) found
DTI changes in NAWM in patients with CADASIL
compared with controls and these changes correlated
significantly with a rating of disability but not with a
global cognitive screening measure. O'Sullivan et al.
(2004) showed higher diffusivity in NAWM of non-
demented patients with CADASIL compared with
controls and these changes correlated with declines
in executive function.

Changes in DTI have also been found in subcor-
tical gray matter structures in CADASIL, including the
thalamus, putamen and globus pallidus (Molko et al.,
2001; O'Sullivan et al., 2004), and increased diffusivity
in the thalamus correlates with executive dysfunction
(O'Sullivan et al., 2004) and with performance on the
MMSE (Molko et al., 2001). O'Sullivan et al. (2005)
showed that executive function and verbal memory
were associated with a distinct regional pattern of
white matter changes in CADASIL: executive functions
were correlated with decreased white matter integrity in
distributed frontal white matter regions and in the
cingulum bundle, whereas verbal memory ability was
associated with DTI changes in the striatum only.
Controlling for WMH volume did not appreciably
alter the results, highlighting the importance on cog-
nitive functioning of subtle changes in white matter
integrity that are not visible on T2-weighted MRI.
Diffusion-tensor imaging is also sensitive to the pro-
gression of white matter injury in CADASIL. Molko
et al. (2002) found that, compared with controls,
patients with CADASIL had increased diffusivity
in the entire brain image after 29 months and the
change was associated with increased disability.
A more recent larger study also showed that increased
diffusivity over a 2-year period was a significant pre-
dictor of worsening disability and cognitive decline
in CADASIL but T2-weighted lesion volume was not
(Holtmannspotter et al., 2005).

The foregoing studies involved analysis of images
of scalar DTI parameters of diffusivity and anisot-
ropy. These parameters consider the magnitude of
diffusion in each image voxel. Using DTI tractogra-
phy allows an alternative way to visualize DTI data
that incorporates both the magnitude and direction of

greatest diffusion. Tractography visualizations provide
a computer-generated representation of the three-
dimensional topography of white matter architecture.
We recently demonstrated the utility of quantitative
DTI tractography in which measurements of the fiber
models are used as markers of the structural integrity of
specific fiber bundles. (Fig. 22.3) (Correia et al., 2008).

Pathology
CADASIL is associated with degeneration of small
and medium-sized arterioles in subcortical white
and gray matter. Figure 22.4 shows characteristic
gross and microscopic brain changes in postmortem
CADASIL. Granular material accumulates in the
walls of the arterial smooth muscle layer, and the
presence of granular osmophilic material (GOM)
adjacent to the basement membrane of the smooth
muscle cells of cerebral arterioles on electron micro-
scopy has become a hallmark pathological feature. As
the disease progresses, GOM increases and cytoarchi-
tectural changes include detachment of cells, with
increasing space between the endothelium and the
vascular smooth muscle cells (VSMCs) and disrup-
tion of the elastin and smooth muscle actin layers.
Destruction of VSMCs may also cause decreased
secretion of vascular endothelial growth factor
(VEGF) and loss of vascular permeability (Ruchoux
and Maurage, 1998; Brulin et al., 2002). In arterioles,
endothelial cells are swollen, leading to loss of tight
junctions (Ruchoux and Maurage, 1998). There is
severe adventitial fibrosis from the site of the pene-
trating artery at the cortical surface to the distal
end, transforming the vessel into an “earthen pipe”
(Okeda et al., 2002). Over time, there is dilatation of
the perivascular spaces, which appear as areas of
signal hyperintensity on T2-weighted MRI. The sub-
cortical white matter shows rarefaction, demyelina-
tion and gliosis – more extensive but qualitatively
similar to that seen in Binswanger's disease. The
progressive white matter injury is likely related to
impairments in flow, reactivity and autoregulation
through the subcortical arterioles. However, we have
recently demonstrated impairments in notch signal-
ing in glial cells as well, suggesting that CADASIL is
also a disease of the glia in subcortical white matter
(Brennan-Krohn et al., 2007). Large-vessel infarctions
are rarely seen. Lacunar infarction is common and
occurs primarily in subcortical white and gray matter
structures, though lacunar infarction also involves
the brainstem. Autopsy examination of patients in
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their sixties who had late-stage disease reveals good
preservation of the cortical ribbon, with widespread
gliosis and demyelination of the subcortical white
matter studded by numerous small holes in the white
matter, which may represent areas where subcortical
arterioles have dropped out.

The actual cause of ischemic events and lacunar
infarction in CADASIL is not clear as CADASIL is
not typically associated with hyalinosis, arteriosclerosis,

luminal narrowing, atherothrombosis or amyloid
angiopathy. Fragility and fragmentation of the vessel
wall is the likely cause of microhemorrhage in later
stages of the illness. As mentioned above, late-stage
disease is associated with cerebral atrophy, and apop-
totic changes have recently been reported in the cere-
bral cortex in postmortem tissue (Viswanathan et al.,
2006). Fibrillar amyloid or tau pathology has only
been reported in a single case but we have observed

Fig. 22.3. Diffusion-tensor imaging using
streamtube models in normal elderly and
CADASIL. (A) Whole-brain streamtube model
(sagittal view) for a 72-year-old healthy
volunteer. (B) Whole-brain streamtube model
of a 60-year-old patient with CADASIL and
mild dementia. Note the marked decrease
in streamtube density in the patient with
CADASIL. Streamtube models are
superimposed on non-diffusion encoded
T2-weighted magnetic resonance images;
the lateral ventricles are portrayed in blue.
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an additional case of stage III Braak neurofibrillary
pathology without amyloid plaques (unpublished
data). Arteriolar changes are also observed in other
organs such as the skin but symptoms related to
vasculopathy in other organ systems, peripheral nerve
and muscle are rarely reported (Prakash et al., 2002).

Animal models of CADASIL
Postnatal Notch3 brain expression in mice is limited to
vascular VSMCs within the walls of small to medium
penetrating arteries, the same vessels predominantly
damaged in CADASIL (Prakash et al., 2002). A mouse
with an R142C Notch3 knock-in (corresponding to the
common human CADASIL mutation R141C) did not
show a CADASIL-like phenotype (Lundkvist et al.,
2005). In 2003, however, a group of French researchers
reported their creation of a transgenic mouse in which
VSMCs expressed a full-length human Notch3 protein
carrying the R90C change in low levels. By 10 months
of age, the mice showed disruption of normal VSMC
anchorage to the extracellular matrix of adjacent
cells, VSMC cytoskeleton changes and initial signs of
VSMC degeneration. By contrast, Notch3 accumula-
tion and GOM deposits did not appear until 14–16

months. (The mice did not develop brain parenchyma
lesions or clinical symptoms.) The authors concluded
that VSMC degeneration is not initiated by the build-
up of Notch3 or GOM but perhaps by the disruption
of VSMC anchorage (Ruchoux et al., 2003). They
subsequently found that transgenic mice that had
begun to exhibit cystoskeletal changes and disruption
of adhesion of VSMCs to neighboring cells, but not
accumulation of Notch3 and GOM, had impairment
in pressure-induced contraction and flow-induced
dilatation in isolated arteries; in other words, mechano-
transduction (but not response to vasoactive agents)
was impaired at an early stage in the disease, prior to
Notch3 and GOM accumulation (Dubroca et al., 2005).
Mice at this early stage already showed impairment in
reactivity to vasodilator stimuli and in cerebral blood
flow autoregulation (Lacombe et al., 2005).

Genetic aspects of Binswanger's
disease
White matter hyperintensities as seen in Binswanger's
disease have been shown to be strongly heritable
(Carmelli et al., 1998; Atwood et al., 2004; Turner
et al., 2004). However, only limited work has been

Fig. 22.4. Gross and microscopic changes in postmortem CADASIL brain. (A) Luxol fast blue, hematoxylin and eosin stain of the frontal lobe
showing cavitary necrosis in the deep white matter with relative preservation of the subcortical U-fibers and normal thickness of the cortical
ribbon. (B) Light microscopic hematoxylin and eosin stain of a subcortical arteriole demonstrating mural fibrosis and disintegration of the
smooth muscle layer, dilatation of the perivascular space, and pallor of the surrounding white matter.
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done on the specific genes that confer this risk
apart from those known to impart general risk for
hypertension, and even less work has been directed at
the identification of genes that mediate the impact of
vascular pathology on brain parenchyma (Leblanc
et al., 2006). Sierra et al. (2002) found that, among
60 hypertensive patients (age 50–60 years) with white
matter lesions, 64% had the DD genotype of the gene
for angiotensin-converting enzyme compared with
22% of those without white matter lesions. In a large
community-based sample of adults aged 44–75 years,
Schmidt et al. (2000) found that diastolic blood
pressure and the LL genotype of the gene PON1,
encoding paraoxinase, predicted the 3-year progres-
sion of white matter lesions. The association between
apolipoprotein E genotype (APOE) and white matter
lesions has been mixed, with some studies showing
that allele type imparts a risk for white matter lesions
(Skoog, 1997; Bronge et al., 1999) and others showing
no association (Barber et al., 1999; Sawada et al., 2000).
These mixed results could be partially explained by a
finding from the population-based Rotterdam study
suggesting that individuals with the APOE e4 allele
have increased risk for white matter lesions if they
also have hypertension (de Leeuw et al., 2004).

CADASIL genetics
Much more is known about the molecular genetics
of the disease-causing mutations in CADASIL. Posi-
tional cloning and linkage analysis was used to locate
the responsible gene on chromosome 19p13.1–13.2.
Transmission of CADASIL Notch3 mutations is auto-
somal dominant with 100% penetrance. Notch 3 is a
large gene comprising 33 exons that is ubiquitously
found in human adult tissues, but its expression is
restricted to vascular smooth muscle cells (Fig. 22.5).
The gene encodes a transmembrane protein of 2321
amino acid residues (Joutel et al., 1996). The function
of Notch3 is to maintain cell–cell interaction or com-
munication between vascular smooth muscle cells and
arterial endothelial cells, thus maintaining arterial
vessel homeostasis by promoting smooth muscle
survival (Shawber and Kitajewski, 2004). The Notch3
proteins are large, single-pass, transmembrane recep-
tors. There is an extracellular domain that contains

34 tandem epidermal growth factor (EGF)-like repeats,
three cyteine-rich Notch/Lin12 repeats, a single trans-
membrane domain and an intracellular domain. Each
EGF repeat contains six conserved cysteine residues,
which form three disulfide bonds, and almost all
disease-causing mutations result from a missense
mutation leading to a loss or gain of a cysteine residue
in the EGF repeats encoded by the first 23 exons.
The change in cysteine results in an odd number of
cysteine residues and to disruption of disulfide pairing.
(Even the rare mutations that do not involve a cys-
teine directly may affect the location and function of
neighboring cysteine residues [Mazzei et al., 2004].)

There is considerable phenotypic heterogeneity
among family members with the same mutation,
suggesting involvement of environmental and other
genetic factors in phenotypic expression. Significant
relationships between genotype and phenotype have
proven elusive. In a study of 127 CADASIL subjects
from 65 families with 17 different mutations, no
correlation was found between mutation and presence
or age of onset of stroke, migraine, dementia, depen-
dency or MRI lesion load, nor did particular families
show specific phenotypes (Singhal et al., 2004).
Figure 22.6 shows an example of phenotypic variability
in terms of extent of WMHs and clinical course
between two members of the same family with the
same Notch3 CADASIL mutation. Nevertheless, a few
observations of specific genotype–phenotype correl-
ations have been reported. The C117F mutation
appears to be associated with a lower age at death and
the C174Y mutation with a lower age at onset for
stroke, immobilization and death (Opherk et al. 2004).
A Colombian family with the C455R mutation showed
unusually early onset of stroke (median age 31 years;
range 19–40) (Arboleda-Velasquez et al., 2002) and the
R153C mutation has been identified as a risk factor for
cerebral microbleeds in CADASIL (Lesnik Oberstein
et al., 2001). A Japanese family with the S180C muta-
tion had an unusual phenotype characterized by hallu-
cinations and delusions and a decrease in the mean age
at onset of stroke in each of three generations.

Notch is processed in a similar manner to cleavage
of the amyloid precursor protein, and inhibition of
presenilin/g-secretase also inhibits Notch. The Notch
intracellular domain consists of several distinct units: a

Fig. 22.5. Structure of the Notch3 gene. Mutations occur
in exons 3, 4, 11 and 18 in the epidermal growth factor (EGF)
region in 80% of carriers. This produces an amino acid
change associated with an increase or deletion of
a cysteine. TM, transmembrane region.
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RAM domain is followed by a nuclear localization
sequence, six ankyrin repeats (ANK) and a PEST
domain, which is apparently involved in Notch receptor
turnover (Weinmaster, 1997; Baron, 2003; Bianchi
et al., 2006). Notch receptors bind DSL ligands (delta
and serrate/jagged in Drosophila and vertebrates, Lag-2
in Caenorhabditis elegans). Like the Notch receptors,
the ligands are single-pass transmembrane proteins
with multiple EGFs in their extracellular domains
(Weinmaster, 1997). In the Golgi apparatus, the
full-length Notch3 protein is proteolytically cleaved by
furine convertase into a 210 kDa extracellular fragment
and a 97 kDa transmembrane and intracellular fragment
(site 1 or S1 cleavage) (Joutel et al., 2000). The two
fragments are non-covalently linked and transported
to the plasma membrane as a heterodimeric receptor
(Louvi et al., 2006). Upon ligand binding, S2 cleavage
occurs at an extracellular site, allowing presenilin/
g-secretase-dependent S3 cleavage in the intramem-
brane domain and subsequent release of the soluble
intracellular domain (NIc). This is then transferred to
the nucleus, where it binds via the RAM domain and
ANK repeats to the transcription factor RBP-Jk/CBF1
and converts it from a transcription repressor to a tran-
scription activator (Baron, 2003; Bianchi et al., 2006).

Molecular effects of mutations
in CADASIL
Despite the thorough characterization of CADASIL-
related Notch3 mutations, the pathophysiological
mechanisms by which the mutations cause the vascu-
lar, histological and clinical effects of the disease are
very poorly understood. The two main hypotheses for
the pathogenesis of the disease are (1) accumulation

of Notch3 protein products and GOM in the VSMCs,
or (2) impaired signaling. Studies have variously sup-
ported and refuted both of these proposals.

The distribution pattern of Notch3 mutations
suggests that the mutations exert a gain-of-function
effect because they are located in areas of high
sequence diversity among Notch orthologs (Donahue
and Kosik, 2004). These areas can tolerate significant
diversity, presumably including that caused by
CADASIL mutations, without a loss of function. Sites
coding for signaling processes are, by comparison,
usually highly conserved and suffer from loss-of-
function mutations, so the findings of this study do
not support a signaling deficit (Donahue and Kosik,
2004). Furthermore, the 210 kDa extracellular frag-
ment of the protein has been found to accumulate
at the cytoplasmic membrane of cerebral VSMCs.
Because production of Notch3 does not appear to
be increased, the accumulation is probably caused
by impaired clearance of the ectodomain from the
cell surface, most likely as a result of improper oligo-
merization of the mutant protein fragment owing to
a change in the tertiary structure or aggregation state
of Notch3 (Arboleda-Velasquez et al., 2005). Murine
Notch3 cell lines with an R142C mutation (corres-
ponding to the prevalent human mutation R141C)
exhibited normal signaling but impaired processing,
trafficking and localization of Notch3 (Karlstrom et al.,
2002). (However, later attempts to make a mouse
model of CADASIL with this particular mutation were
not successful, so its validity as a model of human
disease is unclear [Lundkvist et al., 2005].) CADASIL-
like mutations engineered into Notch3 in rats may
cause a decrease in the ratio of receptor fragments to
full-length protein but do not appear to affect signaling

Fig. 22.6. Phenotypic heterogeneity in a
CADASIL family. (A) Axial fluid-attenuated
inversion recovery (FLAIR) non-contrast
magnetic resonance image (MRI) of 55-year-old
woman with mild subcortical white matter
hyperintensities (leukoencephalopathy). She
has had mild headaches but no significant
cognitive, mood or motor symptoms. (B) Axial
FLAIR non-contrast MRI of the brother of the
patient in (A). Note the higher degree of
leukoencephalopathy with multiple subcortical
lacunar infarcts, as well as moderate cerebral
atrophy and ventricular enlargement. This
patient developed depression and recurrent
ischemic episodes beginning at age 50,
dementia at age 53 and died at age 55.
The clinical course was complicated by
alcohol abuse.
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(Haritunians et al., 2002, 2005). Three-dimensional
homology models of the first six EGF-like domains
have suggested that some of the mutations would cause
protein misfolding, perhaps leading also to homo- or
heterodimeric intermolecular cross-linkage as a result
of the uneven number of cysteine residues (Dichgans
et al., 2000).

Two studies have found signaling impairment
caused by mutations in the ligand-binding domain
but not by mutations in EGF 2–5, the area of highest
mutation density (Joutel et al., 2004; Peters et al.,
2004b). However, in one of the studies, the mutant
receptors, although targeted to the cell surface, showed
a decreased ratio of cleaved receptor fragments to full-
length protein (Peters et al., 2004b), which is in accord
with the findings of impaired trafficking and localiza-
tion by Karlström et al. (2002) above. The finding that
VSMC impairment precedes the onset of GOM and
Notch3 accumulation in a mouse model of CADASIL
seems to support a signaling hypothesis over an accu-
mulation hypothesis (Ruchoux et al., 2003; Dubroca
et al., 2005; Lacombe et al., 2005).

Differential diagnosis
Patients with CADASIL may initially be misdiag-
nosed with multiple sclerosis, cerebral vasculitis or
Binswanger's disease, and it is not uncommon for
patients to be treated for multiple sclerosis for an
extended period before the diagnosis of CADASIL is
made. Familial hemiplegic migraine, another rare auto-
somal dominant disorder, can resemble CADASIL clin-
ically, especially among younger patients. It involves
attacks of migraine with aura associated with transient
hemiplegia, and, in about 20% of cases, permanent
cerebellar signs including nystagmus and ataxia. It is
associated with mutations in the CACNA1A calcium
channel gene, located near Notch3 (Carrera et al.,
2001). The differential diagnosis also includes mito-
chondrial encephalopathies such as MELAS (mitochon-
drial encephalopathy, lactic acidosis, and stroke-like
episodes) and leukodystrophies such as metachromatic
leukodystrophy, which shows diffuse white matter
changes and can begin in adults (Koga et al., 1995).

Genetic testing
The diagnosis of CADASIL can be made by utilizing
genetic analysis, MRI and skin biopsy. Genetic analy-
sis of the entire Notch3 gene is highly sensitive and
specific for detection of disease-causing mutations.

The cost of the testing may be a concern, and analysis
of a single exon can be done in patients with a known
family mutation at a greatly reduced cost. Identifica-
tion of arteriolar changes on electron microscopy
from a skin biopsy can aid in diagnosis, but the
sensitivity of this method is limited by samples
yielding few skin arterioles and variability in rater
experience in interpreting the specimen. Adding
Notch3 antibody stains to skin specimens can signifi-
cantly improve sensitivity and specificity but the
Notch3 antibody is not widely available.

Treatment and management
The diagnosis of CADASIL usually generates a great
deal of fear and apprehension about the future. It is
important that these fears be aired and addressed and
patients and families be provided with support and
education to understand the disorder and the likely
clinical course. Lifestyle modifications and stress
management are essential for establishing a predictable
daily routine that supports the highest level of func-
tioning for the patient. Employment responsibilities
must be adjusted to match the patient's changing cap-
abilities. Patients and families have many questions
about what to say to other family members about the
illness, especially children, and deciding who should be
tested. Some have questions about family planning.
Asymptomatic minor children should not be tested
until they reach majority status and can independently
weigh the risks and benefits of testing. Asymptomatic
adults who are considering testing should meet with
a neurologist, genetics counselor and a psychologist
familiar with the disorder in a genetic-testing protocol
similar to that used in Huntington's disease.

Specific treatments for patients with CADASIL
are not currently available. Antiplatelet agents are
recommended for empirical prevention of strokes,
but they have not been tested in CADASIL patients.
Low-dose enteric coated aspirin can be used for
patients early in the disease, with use of standard
doses of antiplatelet agents in patients who have
experienced one or more ischemic events. Combining
antiplatelet agents is not recommended. Warfarin
and tissue plasminogen activator should be avoided
because of increased risk of hemorrhage. Homocys-
teine should be checked and elevated levels treated.
Prophylactic medications should be used for patients
with frequent migraine headaches, with limited use of
non-steroidal anti-inflammatory agents and butalbital–
caffeine medications as abortive therapy. Triptans
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should be avoided because of a small increased risk
of vasoconstriction and stroke. Headache treatment
with acetezolamide has been beneficial in anectodal
reports. Irritability and depression are common early
symptoms that usually respond well to standard
antidepressant medications. Cholinesterase inhibitors
have shown some efficacy in improving cognition in
vascular dementia trials and may be used empirically
in CADASIL patients with cognitive impairment.
A recent placebo-controlled trial of donepezil in
patients with CADASIL and cognitive impairment
demonstrated improvement on some executive func-
tion tests in the patients who received donepezil
(Dichgans et al., 2008). L-arginine has been suggested
for empiric use in CADASIL because of studies show-
ing reduced infarct volume in some experimental stroke
models and increased vasoreactivity in CADASIL
patients (Willmot et al., 2005). Enthusiasm is limited
by an increased death rate in a post-myocardial
infarction trial with L-arginine (Schulman et al.,
2006). Future CADASIL treatments will employ gen-
etic modification and neuroprotective strategies
based on advances in understanding the pathophy-
siology and mechanism of arteriolar degeneration and
white matter injury.

Summary
CADASIL provides an important model for under-
standing the pathophysiology of subcortical arteriolar
degeneration and its impact on white matter integrity,
and subsequent effect on cognition and disability in
the elderly in the absence of concomitant amyloid and
tau pathology. The phenotypic presentation of the
cognitive and neuroimaging features of CADASIL
and Binswanger's disease is similar despite differences
in the underlying vasculopathy. Overall, the cognitive
dysfunction in CADASIL parallels the deficits in pro-
cessing speed, attention and executive function that
characterize Binswanger's disease. However, younger
CADASIL patients appear better able to tolerate a
higher burden of WMH. The extent of lacunar infarc-
tions and cortical, and possibly hippocampal, atrophy
play an important role in the dementia syndrome in
both disorders. Though the exact mechanism linking
Notch3 mutations and degeneration of vascular
smooth muscle cells is not yet known, much has been
learned about Notch signaling, and it is hoped that
these insights will help to motivate a search to eluci-
date the genetics and pathogenesis of subcortical
ischemic vascular disease in the elderly.
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Rapidly progressive dementias
Prion disorders and other rapidly
progressive dementias
Michael D. Geschwind, Aissa Haman and Indre V. Viskontas

Introduction
Because most dementias develop slowly, rapidly pro-
gressing dementias (RPDs) present a unique challenge
to neurologists. Assessment of patients with an RPD
often requires consideration of diagnoses that only
marginally overlap with those for slowly progressing
dementias. With the possible exceptions of dementia
with Lewy bodies (DLB) and corticobasal degener-
ation (CBD), the disorders that commonly lead to
slowly progressive adult dementia, such as Alzheimer's
disease (AD) and frontotemporal dementia (FTD),
rarely present as RPDs.1–3

Since the start of the twenty-first century, our
group has assessed more than 975 individuals with
RPD, many of whom were referred with a suspected
diagnosis of Creutzfeldt–Jakob disease (CJD). A recent
review of these data show that 54% were diagnosed
with prion disease (37% probable or definite sporadic,
15% genetic and 2% acquired), 28% had an undeter-
mined diagnosis (insufficient records, although most
met criteria for possible CJD4), and, most importantly,
18% were shown to have other non-prion conditions,
many of which were treatable. The diagnostic break-
down of these non-prion RPDs was 26% neuro-
degenerative, 15% autoimmune, 11% infectious, 11%
psychiatric, 9% miscellaneous other, while 28% were
still undetermined, often leukoencephalopathies or
encephalopathies of unknown etiology (unpublished
data). Differentiating prion disease from other causes
of RPDs is paramount; therefore, we will begin our
discussion of RPDs by focusing initially on prion
disease, the prototypical RPD.

Prion diseases
As is the case for many rare medical conditions, prion
disease nomenclature can be confusing. The original

description of the disease is attributed to Alfons
Jakob, who noted that his five RPD cases were nearly
identical to a case described by Hans Creutzfeldt in
1920.5–7 In the years following, the disease was called
Jakob's disease or Jakob–Creutzfeldt disease until
Clarence J. Gibbs, a prominent researcher in the field,
started using the term Creutzfeldt–Jakob disease
because the acronym was closer to his own initials.8

As descriptions of prion disease have become more
refined, it is now clear that several of Jakob's original
cases and the case described by Creutzfeldt did not
have the disease that we now call Creutzfeldt–Jakob
disease (CJD).9

The most common form of human prion disease,
sporadic CJD (sCJD), seems to occur spontaneously,
and the cause remains unknown. Sporadic CJD
accounts for about 85% of human prion disease cases.
Genetic forms account for 10–15% and acquired cases
account for less than 1%. In most Western countries,
prion diseases occur at a rate of 1–2 per million per
year. In a study of prion disease mortality from 1999
to 2002 in nine European countries, in addition to
Canada and Australia, mortality rates were 1.67 per
million for all forms of prion disease and 1.39 per
million for sCJD specifically.10

Sporadic Creutzfeldt–Jakob disease
Demographics
The reported median survival time of sCJD is about
4 months with a mean of about 5 to 8 months: the
vast majority (85–90%) of patients die within a year
of disease onset.11–13 In our cohort, we have found
that the mean survival time for our cases is close to 1
year (unpublished data), much longer than the
reported mean in the literature. This discrepancy in
mean survival rate likely results from the difficulty
in determining when the first symptom appeared.
We conduct extensive patient and family interviews,
in addition to reviewing all medical records.
This labor-intensive approach generally yields earlier
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# Cambridge University Press 2009.
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first symptom discovery than that in the patient's
medical records.14

Diagnosis
When assessing a patient with an RPD, particularly
one who shows prominent motor and/or cerebellar
dysfunction, sCJD should be considered. The most
commonly used clinical criteria for sCJD are the
World Health Organization (WHO) criteria, revised
in 1998, and the older Masters et al. (1979) criteria.15,16

Both sets include three categories of diagnostic
certainty: definite, probable or possible. Presently, a
definite diagnosis can only be made from pathology,
either biopsy or autopsy, demonstrating the presence
of the disease-causing form of the prion protein.17

A lack of specificity plagues the Master's criteria, as
many patients with neurodegenerative conditions
other than prion disease, such as CBD, DLB, progres-
sive supranuclear palsy (PSP), and multiple system
atrophy (MSA), typically fulfill these criteria. While
the WHO criteria are more specific and have been
widely accepted, they too have significant short-
comings. For example, WHO criteria include akinetic
mutism, which only occurs at the very end-stage
of prion disease, too late for any potential treatment
to be effective. They also combine cerebellar and
visual symptoms as “visual/cerebellar,” yet the neuro-
anatomy and circuitry of cerebellar and visual symp-
tomatology are distinct and there is no evidence that
these two symptoms co-occur. The same can be said
for combined pyramidal/extrapyramidal symptoms –
they are distinct anatomically and do not necessarily
occur together. Similarly, as we describe below, the
14-3-3 protein and the electroencephalograph (EEG)
scan (included in WHO probable diagnostic criteria)
both lack sensitivity and specificity, dangerously miss-
ing treatable disorders while missing many cases
of CJD. These criteria are problematic because they
fail to capture many of the early symptoms of the
disease and, instead, focus on symptoms and signs
that generally appear later in the disease course. For
example, akinetic mutism and the characteristic EEG
often are not observed until the late stages of the
illness. In contrast, early signs of the illness, such as
behavioral changes or aphasia, are not included in
these criteria.14

We identified the first symptom in 114 sCJD
subjects referred to our center and found that the
most common symptoms were cognitive (39% of
patients), followed by cerebellar (21%), behavioral
(20%), constitutional (20%), sensory (11%), motor

(9%) and visual (7%). Three of the categories of
symptoms we found to be most common – behavioral,
constitutional and sensory symptoms (e.g. headache,
malaise, vertigo)14 – are not included in current diag-
nostic criteria.15,16

Putative biomarkers
Ancillary tests used in the WHO criteria, EEG and
14-3-3, have variable utility in the diagnosis of sCJD.
Early in the disease, EEG measures may show focal
slowing. Later in the disease, periodic sharp-wave
complexes (1–2Hz periodic sharp waves, epileptiform
discharges or triphasic waves), which are either focal
or diffuse, may appear. Because these EEG changes
occur as the disease progresses, several serial EEGs are
often needed. The sensitivity and specificity of these
changes for CJD have varied greatly in the literature,
with sensitivity varying between 50% and 66% and
specificity from 74 to 91% among pathology-proven
subjects.13,18–20 Other conditions with similar EEG
findings that may mimic CJD include hepatic enceph-
alopathy, Hashimoto's encephalopathy and late stages
of other neurodegenerative diseases such as AD
and DLB.2,21,22 In the proper clinical context and
when other conditions with overlapping EEG findings
have been excluded, EEG should have high specificity
for CJD.

In addition to EEG, surrogate protein markers
in cerebrospinal fluid (CSF) have also shown some
efficacy in distinguishing CJD from other conditions,
although their utility is controversial.23–28 The reported
sensitivity and specificity of 14-3-3 protein in CJD
has ranged considerably in the literature, and each
successive large study appears to show declining
sensitivity and specificity,2,19,26,29 calling into ques-
tion the utility of this protein as a biomarker for
sCJD. Among pathology-proven cases, the reported
sensitivity has varied from 47%30,28 to 100%,23,31 with
most larger studies reporting in the mid to high 80th
percentile.13,19,26,32 The 14-3-3 protein comes in seven
isoforms, five of which (beta, gamma, epsilon, eta,
and zeta) are found in the brain. Most 14-3-3 studies
in CJD have examined the beta isoform; however, one
report suggested that the gamma isoform has higher
specificity for CJD.33

Proteins other than 14-3-3 that have also been
considered as surrogate markers for CJD include total
tau, neuron-specific enolase, S-100 and b-amyloid 42
(low levels). Numerous studies have shown quite
variable results with all of these CSF proteins in the
diagnosis of CJD. Cutoffs for tau levels as a marker
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for CJD have been 1000, 1200 and 1300 pg/ml, with
> 1200 or > 1300 pg/ml being the most common
among studies.26,34,35 One large study suggests that
these CSF proteins have higher sensitivity in more
rapidly progressive disease,26 consistent with the idea
that these markers are probably just markers of rapid
neuronal injury and may lack true specificity for
CJD.28 It is essential for the clinician to know that
several conditions may clinically mimic CJD and can
also have a positive protein 14-3-3, making it neces-
sary to rule out these other conditions.27,28,36

In a recent evaluation of an RPD cohort referred
to our center (150 with sCJD and 47 with non-prion
RPD), we found that 14-3-3 has a sensitivity of 48%
and a specificity of only 66%. The EEG had a sensitiv-
ity of less than 45% by the time patients were referred.
The sensitivity of the EEG increased to approximately
50% when patients were followed prospectively during
their entire disease course.30 In this cohort, prelimin-
ary data suggest that two other surrogate biomarkers
for sCJD, total tau and neuron-specific enolase may
have somewhat higher sensitivity and specificity for
CJD than either 14-3-3 or EEG, although this finding
needs to be explored further. We feel these latter CSF
biomarkers, like 14-3-3, are merely signs of rapid
neuronal injury and are not specific for prion disease.
They are, therefore, of questionable diagnostic utility.
Development of an antemortem, prion-specific test
is needed.37–40

Diagnosis with magnetic resonance imaging
Diffusion-weighted imaging (DWI) and fluid-attenuated
inversion recovery (FLAIR)magnetic resonance imaging
(MRI) have high sensitivity (�92%) and specificity

(�95%) for CJD. Hyperintensity is most commonly
seen in the cerebral cortex but it may also be found in
the basal ganglia (caudate and putamen) and the
thalamus.41,42 These abnormalities may be symmetric
or asymmetric.43,44 Figure 23.1 shows typical DWI
and FLAIR sequences of a patient with sCJD.

At the University of California at San Francisco
(UCSF), we have modified the WHO revised criteria
by separating visual and cerebellar symptoms, adding
a category of other focal cortical symptoms (such as
aphasia, neglect, acalculia or apraxia) and replacing
the 14-3-3 test with a brain MRI consistent with sCJD
(Table 23.1).4 We are continuing to develop these
criteria by monitoring their specificity and by striving
for the earliest possible diagnosis while maintaining
high specificity.

Brain biopsy
While brain biopsy remains the only way to make a
definitive antemortem diagnosis of CJD, it can be
problematic from an infection control standpoint as
prion proteins are not removed by standard surgical
sterilization methods,45 creating a risk of transmission
to operating room personnel. Our own unpublished
data suggest that brain biopsy has 86% sensitivity for
diagnosis (MD Geschwind, unpublished data).

Direct detection of the PrPSc isoform
of prion protein
To date there is no test available for antemortem
diagnosis of prion diseases; autopsy analysis of central
nervous system (CNS) tissue (or lymphatic tissues) is
required for assessment of the disease in affected
humans and animals. Using immunohistochemistry,
pathologists can detect the most common changes

Fig. 23.1. Axial Fluid-attenuated inversion
recovery (FLAIR) (A) and diffusion-weighted
(B) magnetic resonance imaging of the brain
of a patient with sporadic Creutzfeldt–Jakob
disease. Note the hyperintensities in the
striatum (caudate heads [arrows] and putamen
[arrows]) and frontal cortical gyri (cortical
ribboning: arrowheads). Note there is also
subtle right putamen and medial and
posterior thalamus hyperintensity.
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that characterize prion disease, such as astrocytic
gliosis, neuronal loss and vacuolation, paralleled
by accumulation in certain regions of the brain of
an abnormal isoform, PrPSc, of the ubiquitous cellular
prion protein PrPC.17 A number of tests are commer-
cially available for the immunodetection of PrPSc;
most share a common platform of an enzyme-linked
immunosorbent assay in which antibodies against
PrP can capture and detect PrPSc. Many tests exploit
the resistance to proteolytic digestion of PrPSc and
utilize specific proteolytic enzymes for the digestion
of brain homogenates from suspected cases.46,47

Among these tests, the conformation-dependent
immunoassay offers a major advantage of detecting
immunochemical differences between PrPC and PrPSc

without the need for proteases to remove PrPC.
The conformation-dependent immunoassay is being
developed to detect PrPSc in blood and other bodily
fluids.37–39

The protein misfolding cyclic amplification reac-
tion is a method for multiplying prions. In principle,
it is similar to using the polymerase chain reaction to
multiply DNA. This methodology can increase PrPSc

levels from a sample more than one-million-fold,48

and possibly more.40 This assay has been reported to
detect prions in blood of experimentally infected
hamsters.49 One problem with this assay is that it
may actually create PrPSc de novo from PrPC.50

Other disorders commonly mistaken for sporadic
Creutzfeldt–Jakob disease
Atypical rapid forms of other more common neuro-
degenerative diseases are often misdiagnosed as prion

disease, particularly AD and atypical parkinsonian
dementias, such as CBD and DLB. Paraneoplastic
(e.g. Anti-Hu, CV2 and MaTa) and non-paraneoplastic
(e.g. anti-voltage-gated potassium channel, anti-
glutamic acid decarboxylase and Hashimoto's enceph-
alopathy) autoimmune conditions may also mimic
CJD.2,22,51–54 Vasculitis may clinically resemble sCJD,
although the MRI can help to differentiate them
(Table 23.2). Cancers, such as intravascular lymph-
oma, primary CNS lymphoma (PCNSL) or gliomato-
sis cerebri can present like sCJD; however, brain
MRI easily differentiates these neoplastic conditions
from prion disease.55–59 Subacute infections, such as
subacute sclerosing panencephalitis from German
measles or rubella, can look somewhat like CJD,
particularly variantCJD (vCJD) in a young person.
Lyme disease and human immunodeficiency virus
(HIV) should probably always be ruled out when
considering CJD. Toxins, such as bismuth (found
in some antidiarrheal agents), when taken in large
quantities can cause a CJD-like clinical picture, with
ataxia, myoclonus and encephalopathy.60,61 Thiamine
deficiency causing Wernicke's encephalopathy is
readily treatable and should always be considered.53

These diseases are discussed in more detail in the
section below on other rapidly progressing dementias.

Prion disease mechanics
For many years, prion diseases were mistakenly
thought to be caused by “slow viruses,” in part
through the transmissibility of the diseases and the
long incubation period between exposure and symp-
tom onset.62,63 Challenging this notion is the finding

Table 23.1. Various criteria for probable sporadic Creutzfeldt-Jakob disease

UCSF criteria WHO European criteriaa Masters' criteria

1. Rapid cognitive decline
2. 2 of the following 6 symptoms:

� myoclonus
� pyramidal/extrapyrimidal symptoms
� visual
� cerebellar
� akinetic mutism
� focal cortical sign (e.g. neglect, aphasia,
acalculia, apraxia)

3. Typical EEG and/or MRI

1. Progressive dementia
2. 2 of the following 4 symptoms:

� myoclonus
� pyramidal/extrapyrimidal symptoms
� visual/cerebellar
� akinetic mutism

3. Typical EEG
4. Routine investigations should not suggest

an alternative diagnosis

1. Progressive dementia
2. 1 of the following:

� myoclonus
� pyramidal symptoms
� extrapyramidal symptoms
� cerebellar symptoms
� typical EEG

Notes:
UCSF, University of California at San Francisco; WHO, World Health Organization; EEG, electroencephalography; MRI, magnetic resonance
imaging.
aWHO revised criteria allow EEG or CSF 14-3-3 protein and < 2 year duration to death.
Sources: World Health Organization (1998),15 Masters et al. (1979).16
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that the infectious agent does not contain nucleic acid,
which is a necessary component of viruses. Further-
more, treatments that are known to eliminate viruses
and other microorganisms proved ineffective in the
prevention of disease transmission from one organism
to another, while treatments that denature or destroy
proteins prevented transmission. Taken together, these
findings strongly suggested that the disease agent
is a protein.64,65 In 1997, Stanley B. Prusiner received
the Nobel Prize in Medicine and Physiology for his
discovery that the prion protein is indeed the culprit.

In humans, the endogenous cellular form of the
prion protein (PrPC) is encoded by the gene PRNP
located on the short arm of chromosome 20, which
encodes a protein of 254 amino acid residues.66,67 The
mature PrPC protein is attached to the outer cell mem-
brane by a glycosylphosphatidylinositol anchor,68–70

but transmembrane forms of PrPC have also been
identified.71–73

In prion diseases, PrPC changes its conformation
into an abnormally shaped, disease-causing form of
PrP called the prion, or PrPSc (where Sc stands for
scrapie, the prion disease in sheep and goats). The
normal form contains three a-helixes (spirals) and
little b-sheet (flat) structures, whereas PrPSc has less
a-helical content and mostly b-sheet structure.74,75

The process by which PrPSc is made from PrPC is
incompletely understood. It is likely that when PrPC

comes into contact with PrPSc, the latter protein
induces the former to take on its shape.76 There may
also be other proteins or molecules involved in the
conformational change in vivo.77–79

Function of the normal prion protein
Several lines of PRNP knockout mice have been
developed; these mice cannot be infected with, nor can
they replicate, prions, providing convincing evidence
that the presence of PrPC is a necessary condition for
the development of prion disease.80–83 Knockout mice
are clinically asymptomatic, but they develop peripheral
nerve demyelination,84 an increased susceptibility to
ischemic brain injury,85 altered sleep and circadian
rhythms86,87 and altered hippocampal neuropathology
and physiology, including deficits in hippocampal-
dependent spatial learning and hippocampal synaptic
plasticity.88,89 Mice or cell lines lacking PrPC are also
more susceptible to oxidative stress. Prion PrPC also
protects neurons during hypoxic–ischemic injury.85,90–95

For an excellent review on PrPC knockout mice, see
Weissmann et al.96

The primary function of PrPC may be neuropro-
tective, either alone or in concert with other proteins.

Table 23.2. Typical magnetic resonance imaging findings in some forms of rapidly progressive dementia

Finding Possible causes

Cortical gray matter T2-weighted
hyperintensitya

CJD, paraneoplastic disease, Hashimoto's encephalopathy, antibody-mediated disease
(e.g. VGKC), sarcoid, mitochondrial disease

Subcortical white matter T2-weighted
hyperintensity

Vascular, HIV, PML, lymphoma, paraneoplastic disorder, Hashimoto's encephalopathy, multiple
sclerosis/ADEM8, Lyme encephalopathy, toxic metabolic disorder, leukodystrophies, sarcoid,
mitochondrial disease

Cortical restricted diffusion Vascular, seizures, CJD

Striatal or thalamic restricted diffusion Vascular, seizures, CJD, thiamine deficiency, central pontine myelinolysis, Bartonella infection

Basal ganglia/thalamic T2-weighted
hyperintensity

CJD, lymphoma, paraneoplastic (anti-CV2/CRMP5), NIBD, thiamine deficiency, Bartonella
infection, Wilson's disease

Contrast enhancing Primary or metastatic cancer, lymphoma, sarcoid, multiple sclerosis, vasculitis

Vascular distribution Multi-infarct dementia, vasculitis, intravascular lymphoma

Hemorrhage Primary or metastatic cancer, vasculitis, fungal (e.g. aspergillosis), CAA

Meningeal enhancement Infectious (fungal, spirochaetal, mycobacterial), neoplastic meningitis, sarcoid, Wegener's
granulosis, Behçet's disease

Medial temporal lobe T2-weighted
hyperintensity

CJD, HSV encephalitis, paraneoplastic disorder, antibody-mediated disease (e.g. VGKC),
Hashimoto's encephalopathy

Notes:
ADEM, acute disseminated encephalomyelitis; CJD, Creutzfeldt–Jakob disease; NIBD, neurofilament inclusion body disease; PML, progressive
mulitfocal leukoencephalopathy; CAA, cerebral amyloid angiopathy; VGKC, anti-voltage-gated potassium channel; HIV, human
immunodeficiency virus; HSV, herpes simplex virus.
aADEM can involve gray matter as well as white matter.
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Evidence for this view is found in the demonstration
that PrPC is upregulated after cerebral ischemia, and
overproduction of PrPC seems to be protective in an
ischemia mouse model.97 In addition, PrPC may play a
role in neuronal excitability,98 neuritigenesis,95,99,100

and signal transduction.85

Genetic markers for Creutzfeldt–Jakob disease
Codon 129 in PRNP is polymorphic, encoding
methionine (M) or valine (V), such that an individual
can be MM, VV or MV. Homozygosity at codon 129
is associated with increased risk for developing prion
disease, with greatest risk in persons with codon 129
MM, followed by VV and then MV.101–103 In addition
to affecting an individual's susceptibility to developing
prion disease, the codon 129 polymorphism can play
a role in how a prion disease presents clinically and
pathologically.102,104

In a study of 300 pathology-proven sCJD subjects,
investigators subdivided sCJD molecularly into
approximately six different forms (or variants) based
on the patient's PRNP codon 129 polymorphism
(MM, MV or VV) and on their prion type (type 1
or 2).102,104 Seventy percent of their patients had type
1 PrPSc and had at least one methionine allele (MM or
MV; most were MM). These patients presented as
classic sCJD, with a rapidly progressive dementia,
early and prominent myoclonus and a classic EEG.20

Twenty-five percent of patients had a specific, distinct
neuropathology called kuru plaques, with significant
ataxia, and were type 2 with at least one valine allele
(MV2 or VV2). The MM2 variant was associated with
either a thalamic form (MM2-T) or a dementing
cortical form (MM2-C) of sCJD. Lastly, a rare form
VV, less than 1% of their cases, was described, with a
progressive dementia, lack of classic EEG and severe
cortical and basal ganglia pathology, sparing the cere-
bellum and brainstem.102 Unfortunately, even within
an individual, different prion types can be found in
different brain regions,105 suggesting that subdividing
patients into categories based on prion types may not
be as useful as initially believed.

Other prion diseases
Sporadic fatal insomnia
A rare form of prion disease that presents clinically
and pathologically similarly to fatal familial insomnia
is sporadic fatal insomnia. Symptoms include thalamic
symptoms, particularly insomnia and dysautonomia,
and cerebellar ataxia. Upon pathology, patients show
thalamic and olivary pathology.106–108

Genetic prion diseases
Genetic prion diseases have been divided into three
forms based on their clinical and pathological presen-
tation: familial CJD (fCJD), Gerstmann–Sträussler–
Scheinker disease (GSS) and fatal familial insomnia.
More than 30 mutations and at least three poly-
morphisms in the prion gene have been identified109

and new mutations continue to be found. In most
cases, PRNP mutations are autosomal dominant with
complete penetrance.109 Clinically, fCJD typically pre-
sents either identically to sCJD, as a rapidly progres-
sive dementia with motor features, or it can present as
a more slowly progressing dementia.

Typical presentation for GSS is either as a parkin-
sonian or an ataxic disease, progressing over years,
although a rare spastic form of GSS has also been
reported.110 Five mutations, at codons 102, 105, 117,
145, 198 and 217, in the open reading frame of the
prion gene have been associated with GSS.110 The
mean age of onset is approximately 47 years, with
average survival approximately 57 months.111 Most
(75%) patients survive more than 2 years.12 Fatal
familial insomnia is caused by a PRNP mutation at
codon 178, changing an aspartate to an asparagine
(D178N), and the presence of methionine at codon
129 on the same allele. The amino acid (methionine
or valine) encoded by codon 129 on the normal allele
greatly affects disease presentation. Disease duration
is variable but usually lasts 1 to 2, or even more years,
although sometimes the disease can be more rapidly
progressive. Symptoms involve the sleep–wake cycle,
dysautonomia and motor dysfunction. Anatomically,
fatal familial insomnia predominantly involves the
thalamus and adjacent structures, resulting in dysau-
tonomia, altered sleep–wake cycles and circadian
rhythms.112 Paradoxically, many (60%) patients with
genetic prion disease do not report a known family
history of the disease, although closer review often
uncovers a family history of AD or Parkinson's disease
that was likely misdiagnosed.113 Since many patients
do not have a positive family history, some clinicians
prefer the term genetic, rather than familial, CJD.12

Variant Creutzfeldt–Jakob disease
In 1995, a new form of human prion disease called
variant CJD (vCJD) was identified in the UK and
shortly thereafter was linked to consumption of meat
from cows with bovine spongiform encephalopathy
(BSE).114–117 Since the early 1990s, more than 200
cases of vCJD have been identified in 11 countries,
with the vast majority in the UK and France.118 The
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clinical features of vCJD are similar to those of sCJD,
with some exceptions. Patients with vCJD tend to be
younger than patients with sCJD (mean age 28 years),
with an age range of 12–74 years.119 Early in the
illness, patients usually experience profound psychi-
atric symptoms, which most commonly take the
form of depression or, less often, a schizophrenia-like
psychosis. This psychiatric prodrome is often the only
symptom for at least 6 months before the onset of
other neurological features.120 Patients frequently
have painful paresthesias, which are usually persistent
but may also be transient. Motor features typically
include ataxia, chorea, myoclonus and/or dystonia.121

Cognitive impairment is an early feature.122 The clas-
sic EEG changes seen in sCJD are rarely seen in vCJD
and then only in late stages.123 Brain MRI in vCJD
typically shows more hyperintensity in the pulvinar
than the anterior putamen on T2-weighted MRI
sequences (the pulvinar sign), a feature that often
distinguishes it from sCJD and other forms of prion
disease,124–126 although sCJD,127 incident CJD128 and
other RPDs, such as paraneoplastic limbic encephal-
itis and Bartonella encephalopathy,129,130 can rarely
also have this MRI feature. As in sCJD, by the time of
death, patients become completely immobile and mute
and they usually succumb to aspiration pneumonia.

The characteristic neuropathological profile of
vCJD includes, in both the cerebellum and cerebrum,
numerous kuru-type amyloid “florid” plaques of high
concentrations of PrPSc surrounded by vacuoles to
give a “flower” appearance. The PrPSc type in vCJD
is called type 2b; it has a different ratio of glycosylated
forms than type 2a sCJD PrPSc.102,117,131 In vCJD, the
prion appears to be present at very high levels in the
lymphoreticular system. Antemortem pathological
diagnosis of vCJD can be made by tonsillar or brain
biopsy. Postmortem, the prion is found throughout
the lymphoreticular system and the CNS.117,132–134

Why vCJD tends to occur in younger patients has
not been fully explained, but it may be that BSE
prions are more readily acquired across the gastro-
intestinal track when inflammation is present. As
children have a higher incidence of gastritis than
adults, they may be more susceptible to consumed
BSE prions.135,136

As of November 2007, four patients have acquired
vCJD via blood transfusion from patients with vCJD
who had donated blood prior to the onset of symp-
toms.137–140 Although all patients so far with clinical
vCJD have been codon 129 MM, data from transgenic
mice models suggest that persons with MV and VV

may be susceptible to vCJD, particularly via human to
human transmission, such as by blood donation.141,142

Although the incidence of vCJD has declined over
recent years, it is not known if an increase will occur
in the future. It is possible that many individuals,
particularly those who are codon 129 MV or VV,
are latently infected with vCJD and may have much
longer incubation times than those who have already
presented with the disease.137,143

Treatment of prion disease
Many compounds have been used successfully to
remove prions or inhibit their formation in vitro.
Such compounds include quinoline derivatives,144–146

antibiotics such as doxycycline and tetracycline,147

Congo red and its analogs148 and various “chemical
chaperones.”149,150 Several of these compounds and
others have been effective in preventing or delaying
disease onset in vivo when mixed with the prions
prior to inoculation or given before or at the time of
prion inoculation.147,151–154 In most mice models,
there are usually only a few days between the first
clear signs of neurologic disease and death or incap-
acity. By the time an animal develops symptoms, the
disease is so fulminant that no treatment will likely
have efficacy. Therefore, in animal models of prion
disease, investigators often start potential treatment
at the midpoint of incubation. While several com-
pounds have prevented disease before or at the time
of inoculation,155 no treatment has cured animals
when given later in the incubation period and only a
few compounds have delayed disease onset.156

As of 2007, the only two drugs are in formal
treatment trials for prion disease: oral quinacrine and
oral doxycycline. Quinacrine is a quinoline derivative
used orally for many decades to treat malaria. Quina-
crine binds readily to PrPC and appears to prevent
conversion of PrPC to PrPSc,146 possibly by binding
to the C-terminal helix of PrPC.157 Quinacrine
appears to work via the former mechanism, though
the mechanism is far from clear.146 In in-vitro models
of prion disease, quinacrine eliminates prions144,158

and may even allow recovery of some cellular func-
tions.159 Two prion studies in mice with oral quina-
crine, however, showed no benefit in survival.146,160

Because quinacrine has been used in medicine
orally for decades and crosses the blood–brain barrier,
compassionate treatment was begun in humans with
prion disease.146,161–163 To better answer whether
quinacrine is efficacious in human prion disease,
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two formal studies were initiated in humans, one in
the UK (PRION1 by the Medical Research Council)
and another in the USA, at our center (UCSF; CJD
Quinacrine Treatment Study).155 The UK trial
enrolled patients with all forms of human prion dis-
ease and was essentially an unblinded, observational
study. The UCSF study is a randomized, double-
blinded placebo-controlled (delayed treatment start)
study of quinacrine in sCJD with the primary out-
come being survival from start of treatment (the trial
is funded by the US National Institutes of Health
and can be seen at www.clinicaltrials.gov or http://
memory.ucsf.edu). Tetracyclines, such as doxycycline,
may also have anti-prion activity, possibly through
interaction with PrPSc or PrPSc fibrils.146,147 A ran-
domized, double-blinded, placebo-controlled human
treatment trial with oral doxycycline began in 2007 in
Italy and similar trials are planned to begin in France
and Germany.

Many papers have shown that antibodies or
single-chain fragments of antibodies can eliminate
prions in cell culture,164–167 but getting antibodies
into the brain in sufficient amounts may be a difficult
hurdle to overcome.168 Vaccination against PrPC has
also been studied and may be helpful in preventing
infection, particularly after known exposure.166,169–174

With all of these immunological methods, however,
it is not yet clear what deleterious effects may occur
in humans from blocking the normal function of
PrPC.175 Removal of PrPC from neurons in prion-
infected, symptomatic adult mice appears to allow
some recovery of function and reverse some of the
pathological features of prion disease, such as vacuol-
ation.176 This form of genetic manipulation is not
feasible presently in humans.

Other rapidly progressing dementias
Non-prion neurodegenerative diseases
There are several non-prion neurodegenerative dis-
eases that can, in rare cases, present as rapidly pro-
gressing dementias. These include AD, DLB, FTD
with amytrophic lateral sclerosis (FTD-ALS), CBD
and PSP.14 Several cases of AD presenting as adult-
onset RPD have been reported in conjunction with
cerebral amyloid angiopathy.177–179 Figure 23.2 shows
a T1-weighted MRI of a patient with cerebral amyloid
angiopathy. Indicative of the rare but persistent
occurrences of rapid presentations of these diseases,
a large German study of 413 autopsied suspected
cases of CJD found that 7% had AD and 3% had

DLB. Myoclonus and extrapyramidal signs had
occurred in more than 70% of the DLB and more
than 50% of the AD patients, suggesting that these
symptoms, although part of WHO criteria,15 do not
always help to distinguish CJD from these two dis-
orders.1 Similarly, in a French study of 465 patients
with suspected CJD, the two most frequent non-CJD
pathologic diagnoses were AD and DLB.180

Since the “parkinsonian dementias,” namely DLB
and the FTD spectrum disorders including PSP, CBD
and FTD, are discussed in more detail in other chap-
ters of this book, they will only be briefly described
here. Dementia with Lewy bodies is a progressive
dementia often associated with fluctuations in cogni-
tive function, persistent well-formed visual hallucin-
ations and/or parkinsonism.181 Duration of DLB is
often shorter than for many other neurodegenerative
dementias; patients generally survive for only about
3 years,182 although death within 1 year of diagnosis
can occur. Although FTD generally shows a faster
course than AD, it is rarely rapidly progressive.
Patients usually present with a frontal syndrome,
including behavioral, personality and cognitive
changes occurring over years, followed by dementia.

Fig. 23.2. Magnetic resonance T1-weighted sequences of the brain
in a patient with cerebral amyloid angiopathy. Note the cortical
and patchy subcortical white matter hyperintensities in bilateral
temporal lobes.
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Fifteen percent or more of patients with FTD develop
ALS and these patients typically die within 1.4 years
after diagnosis.183–186 Corticobasal degeneration is a
clinically and pathologically heterogeneous atypical
parkinsonian dementia often confused clinically with
AD, PSP or FTD.187–191 Rapidly progressing CBD
can also be confused with CJD,192,193 though the
FLAIR and DWI MRI abnormalities seen in CJD are
not found in CBD.41 As in CJD, patients with PSP
develop dementia, akinetic-rigid parkinsonism (sym-
metric bradykinesia and axial rigidity), postural
instability, swallowing and speech problems, and
often progress to a hypokinetic, mute state.194–199

Abnormalities of eye movements, particularly slowed
velocity of saccades progressing to supranuclear gaze
palsy, are hallmarks of the PSP syndrome.195,200,201

Importantly, our CJD group has been referred many
RPD cases thought to be caused by prion disease
but they were merely exacerbations of more common
non-prion neurodegenerative diseases as a result of
concurrent infection or metabolic perturbation.

Autoimmune encephalopathies
(paraneoplastic and non-paraneoplastic)
One of the most common causes of RPD at our center
are autoimmune encephalopathies and related condi-
tions. When first reported in the literature, these
autoimmune-related RPDs were all thought to be
paraneoplastic; caused by the cross-reaction of anti-
bodies or other components of immune system, acti-
vated by the presence of a cancer, with antigens of the
nervous system. Since the initial discovery of these
conditions, however, many cases have been reported
in which no tumor has been identified. In patients
without a known cancer diagnosis, other indicators
of a paraneoplastic etiology can include subacute
development of multifocal neurologic symptoms,
CSF evidence of inflammation (e.g. pleiocytosis,
elevated IgG index or oligoclonal bands), elevated
systemic tumor markers (e.g. cancer-associated anti-
gen [CEA], carcinoembryonic antigen 125 [CA-125],
prostrate-specific antigen [PSA]), a family history of
cancer, unexplained anorexia or weight loss, a history
of cancer risk factors or the presence of certain para-
neoplastic antibodies in the serum and/or CSF. In
this section, we will discuss both paraneoplastic and
non-paraneoplastic autoimmune encephalopathies.

Paraneoplastic neurologic disorders can present as
a rapidly progressive limbic encephalopathy, often a
form of RPD. These encephalopathies may be focal or

diffuse with other neurological involvement, such
as cerebellar, ocular or peripheral symptoms. The
most common symptoms are a subacute amnestic
syndrome, presenting as problems with short-term
anterograde memory or more variable retrograde
amnesia. Depression, personality changes, anxiety
and emotional lability often precede the cognitive
dysfunction. Seizures are common.202–205 Some
cancers are more likely to show progressive limbic
encephalopathy than others, such as small cell lung
cancer (75% of cases), germ-cell tumors (ovarian or
testicular), thymoma, Hodgkin's lymphoma and
breast cancer.202,203 The most common antibodies
associated with progressive limbic encephalopathy
are anti-Hu (ANNA-1) (in 50% of those with small
cell lung cancer), anti-Ma2 (an antineuronal antibody
also called anti-Ta; antigen is Ma2), CV2 (Anti-
CMRP-5), Yo (PCA-1) and anti-neuropil.202,206–208

Patients with limbic encephalopathy and thymoma
(often anti-CV2 or anti-VGKC antibodies) can have
significant neurologic improvement following tumor
removal and treatment.209 Many patients often have
more than one antibody. These antibodies may better
predict the cancer than the neurological syndrome.210

Although little is known concerning the mechan-
ism of non-paraneoplastic immune-mediated ence-
phalopathies, recent research has uncovered a
greater understanding of several of these conditions,
such as syndromes caused by anti-voltage-gated
potassium channels (VGKC) antibodies and by anti-
neuropil antibodies.204,206,211 Recent data suggest
that autoimmune encephalopathies associated with
extracellular antigens (e.g. anti-VGKC, neuropil, and
N-methyl-D-aspartate [NMDA] antibodies) are often
very responsive to immunomodulatory therapy,
whereas those associated with intracellular antigens,
such as the classic paraneoplastic syndromes (e.g.
Anti-Hu, Yo, Ri, Ma, amphiphysin) are less responsive
to treatment.205,212 Novel antibodies against compon-
ents of the CNS are continually being identified.206,213

If an autoimmune-mediated encephalopathy or RPD
syndrome is strongly suspected, owing to prominent
limbic encephalopathy, T2-weighted limbic hyperin-
tensity on MRI, CSF findings, serological findings,
concurrent or family history of autoimmune disorders,
one should have a low threshold for sending serum
and CSF to a laboratory that specializes in identifying
such antibodies.

Another treatable autoimmune disorder present-
ing as an RPD is Hashimoto's encephalopathy.214 This
syndrome is rare, but likely underdiagnosed, and is
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associated with chronic lymphocytic Hashimoto's
thyroiditis.54,215–218 This condition is often considered
in a patient with encephalopathy and either elevated
anti-thyroperoxidase or anti-thyroglobulin antibodies
without any other cause identified for the neurological
condition. Earliest signs include depression, personal-
ity changes or psychosis, progressing into a cognitive
decline associated with myoclonus, ataxia, pyramidal
and extrapyramidal signs, stroke-like episodes, altered
levels of consciousness, confusion and/or seizures. Hal-
lucinations or other psychoses are common.22,54,215,218

Compared with CJD, Hashimoto's encephalopathy
is more frequently associated with seizures and tends
to have a more fluctuating course.22 The disease is
more common in women (85%) than in men, though
this relationship with gender remains to be explored.22

Patients may be euthyroid, hypothyroid and even
hyperthyroid, although the diagnosis cannot be made
until a patient is euthyroid.22 When patients are
euthyroid, elevated levels of either anti-thyroglobulin
or anti-thyroperoxidase and neurologic and psychi-
atric symptoms without evidence of other known
etiology suggest Hashimoto's encephalopathy. The
etiology of Hashimoto's encephalopathy may involve
the presence of a shared antigen in the brain and
thyroid.54,215,218,219 Most (90%) patients respond
favorably to immunosuppression, which is typically
administered via an initial high dose of steroids
followed by a long, slow taper.21,215,217,218,220,221 As
these anti-thyroid antibodies are not believed to cause
this condition directly, several other names have been
used, including non-vasculitic autoimmune meningo-
encephalitis and steroid-responsive encephalopathy
associated with autoimmune thyroiditis.218,221 Until
more is known about the etiology of this condition,
many prefer the term Hashimoto's encephalopathy.216

Sarcoid, another RPD that is treated with immuno-
suppression, is a systemic illness of unknown etiology
characterized by the formation of non-necrotizing
granulomas. Few (5%) patients with sarcoidosis show
CNS involvement, but those that do can be mistaken
for RPD. For definitive diagnosis, tissue biopsy is
required. One must first exclude other granulomatous
diseases, particularly tuberculosis, before starting
immunosuppression.222

Vascular disease
Large-vessel occlusions, multiple diffuse infarcts or
even single strokes, such as in the thalamus or anter-
ior corpus callosum, or certain frontal lobe regions,

can result in an RPD.223,224 Encephalopathy can result
from global cerebral ischemia produced by micro-
angiopathic thromboses in thrombotic thrombo-
cytopenic purpura or by hyperviscosity syndromes
from blood dyscrasias, such as polycythemia, or gam-
mopathies, such as Waldenstrom's macroglobuline-
mia. These conditions can be distinguished from
RPD through the abnormalities seen on brain MRI,
indicating the presence of strokes and/or hemorrhage
involving both the white or gray matter.59,225,226

In addition, body imaging for systemic involvement
may also help.227 If primary CNS vasculitis is sus-
pected, cerebral angiogram or brain and meningeal
brain biopsy of the affected area may be required.
Intravascular lymphoma can mimic CNS vasculitis
on angiogram; if this condition is suspected (based
on an elevated serum lactate dehydrogenase or MRI
findings), then one should avoid the angiogram and
proceed directly to biopsy.56,228

Infectious diseases
Dementia can be a presenting feature of acquired
immunodeficiency syndrome (AIDS),229 and eventu-
ally occurs in 25% of patients with the disease. There-
fore, HIV testing should accompany every evaluation
of patients with RPDs. AIDS-dementia complex, HIV
encephalopathy or HIV-associated dementia is a
neurological complication of AIDS, and it typically
occurs in the later stages of HIV infection.230 This
condition has diminished since the introduction of
highly active antiretroviral therapy. Some patients,
however, develop RPD during seroconversion or
immune reconstitution.231 Use of methamphetamine
or cocaine in the context of HIV infection can cause
an accelerated course of HIV dementia.232

Subacute and chronic opportunistic infections
associated with HIV and other immunocompromised
states may also present as RPD. While cryptococcal
and JC virus infections typically present with meningi-
tis or progressive focal neurologic deficits, respectively,
they may present as subacute dementia syndromes.233

Infection of the CNS with mycobacteria can present
as an RPD, but with meningoencephalitis.234 Many
undiagnosed RPDs may actually result from infec-
tious organisms that are not yet detectable using
standard microbiological techniques.28,234–236 Figure
23.3 shows a FLAIR MRI of a patient referred with
a CJD diagnosis but in whom we identified entero-
viral meningoencephalitis. (For an excellent review
on diagnosis and etiology of encephalitis see Glaser
et al. [2006].235)
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Spirochaete infections are rare but worth consider-
ing because they are easily treatable. Every evaluation
of an RPD, or any dementia for that matter, should
include a test for CNS infection with Treponema
pallidum neurosyphilis. Though usually presenting
late in the disease, cognitive dysfunction is the most
common neurological syndrome of syphilis.236 The
CSF in neurosyphilis usually shows a pleiocytosis
and an elevated protein.236 Lyme disease is caused
by a systemic infection of the spirochaete Borrelia
burgdorferi, transmitted via a tick bite. Neurological
manifestations can include cranial nerve palsy, men-
ingitis, polyradiculopathy, depression, psychosis and
dementia.237 While uncommon, it has been reported
to present as RPD.238

The virus that causes measles can result in the
chronic CNS infection subacute sclerosing panence-
phalitis. This typically occurs in children, particularly
from countries in which measles is still common.239

Patients develop progressive dementia, seizures (focal
and/or generalized), myoclonus, ataxia, rigidity and
visual disturbances. Late in the disease, patients are
unresponsive, with spastic quadriparesis, brisk deep
tendon reflexes and positive Babinski signs. An
EEG may show periodic slow-wave complexes, with
associated sharp waves every 3–10 seconds that are
synchronous with myoclonus. When elevated anti-
body titers to the measles virus in the blood and
CSF are found, a definitive diagnosis may be made.240

An infection by the bacterium Triopheryma whip-
pellii, which causes Whipple's disease, can present as
a neuropsychiatric syndrome that although typically
insidious is capable of progressing rapidly over
months. In most patients, the infection presents as a
malabsorption syndrome, with diarrhea, abdominal

pain, weight loss, arthralgias, wasting, fever and
lymphadenopathy; but gastrointestinal symptoms
may be absent in as many as 15%. Few (	5%) patients
show neurologic symptoms at first presentation,
though CNS involvement may occur in up to 45%
throughout the course of the infection.241 When there
is CNS involvement, dementia or cognitive impair-
ments are frequent symptoms (> 71% of cases),241–243

as is ataxia.244 When dementia, ophthalmoplegia, and
myoclonus are seen concomitantly, this condition
is highly likely. This triad of symptoms occurs in
approximately 10% of cases. Oculomasticatory myor-
rythymia is virtually pathognomic.241 Most com-
monly, CNS Whipple's infection can be mistaken
for CBD or PSP.188 Diagnosis of Whipple's disease
is made by identification of inclusions staining
with periodic acid–Schiff stain, T. whipellii in foamy
macrophages on jejunal biopsy or by T. whipellii poly-
merase chain reaction detection in CSF or jejunal
biopsy. Although very rare, Whipple's disease is
important to recognize as it is readily treatable with
antibiotics.241,243,245,246

Malignancies
Many malignancies presenting as RPDs are readily
identified by brain MRI with contrast, although
several of them, including PCNSL and intravascular
lymphoma, are more difficult to diagnose. Primary
CNS lymphoma is an extranodal form of non-
Hodgkin's lymphoma, usually presenting with symp-
toms of intracranial mass lesions, such as headaches,
seizures, and focal neurological deficits. It may also
present as an RPD.247 A diffusely infiltrating PCNSL,
sometimes called lymphomatosis cerebri, also occurs.57

Other symptoms of PCNSL include personality

Fig. 23.3. Meningoencephalitis. (A) Axial
Fluid-attenuated inversion recovery (FLAIR)
magnetic resonance sequences of the brain in
a patient with enteroviral meningoencephalitis.
Note the hyperintensities involving both gray
and white matter in anterior cingulate and left
insula. (B) On axial T2-weighted sequence, note
the region of contrast enhancement in the
right superior frontal lobe (arrow).
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changes, irritability, memory loss, lethargy, confusion,
disorientation, psychosis, dysphasia, ataxia, gait
disorder and myoclonus.57,58,247,248 Unfortunately,
definitive diagnosis often requires brain biopsy,
though in cases of ocular involvement, diagnosis can
sometimes be made by vitrectomy. Prior to biopsy, it
is best to avoid using corticosteroids because steroids
can cause tumor cell necrosis, temporarily shrinking
the tumor but interfering with tissue diagnosis.59,249

Prognosis is poor, with patients surviving only a
median of 4 months or fewer without treatment,
12–18 months with whole-brain radiation therapy
(WBRT) alone, and 40 or more months with a com-
bination of aggressive chemotherapy and radio-
therapy. Chemotherapy includes high-dose systemic
methotrexate. Patients over 60 have a higher risk of
neurotoxicity, presenting as an RPD with ataxia and
incontinence around 1 year after WBRT. Therefore,
WBRT is not recommended in older patients.249

Intravascular lymphoma is caused by the prolifer-
ation of clonal lymphocytes within blood vessels, with
relative sparing of parenchyma, and can occur in the
CNS.250 When in the CNS, it can present as an acute
or subacute dementia, often with transient ischemic
attacks or strokes. Systemic symptoms (e.g. fever and
weight loss) can occur. Typically, the tumor cells are
angiotropic large B cell lymphoma or other activated
or transformed lymphocytes. Laboratory findings
can include elevated erythrocyte sedimentation rate,
serum lactate dehydrogenase, CSF pleiocytosis and
increased protein.251,252 Prognosis is usually poor,
particularly if not treated early. Similarly to PCNSL,
the combination of chemo- and radiotherapy yields
better results than radiotherapy alone.250,252,253

Toxic-metabolic conditions
Vitamin deficiencies, endocrinologic disturbances
and adult presentations of inborn errors of metabol-
ism can also cause RPDs. Vitamin deficiencies can
lead to cognitive impairment, as well as other neuro-
logic deficits. Niacin deficiency causes “the three Ds” –
dermatitis, diarrhea and dementia. Diagnosis is usu-
ally based on clinical suspicion, as treatment simply
involves 40–250mg/day niacin, but it can be made
definitively by the presence of nicotinic acid meta-
bolites in the urine. Symptoms generally resolve
rapidly with treatment.254,255 Vitamin B1 (thiamine)
deficiency can lead to Wernicke's encephalopathy,
common symptoms of which include ophthalmo-
paresis (with vertical and/or horizontal nystagmus),

ataxia and memory loss. Hyperintensities in DWI can
be seen in mammilary bodies and dorsomedial nucleus
of the thalamus. Pathologically, these areas often show
hemorrhagic necrosis. The thalamic involvement on
DWI MRI can overlap with CJD41,256–258 and Barto-
nella encephalopathy.129 Again, because this condi-
tion is usually reversible with treatment, all patients
with dementia should be screened for vitamin B12
deficiency.

Adults presenting with RPD may have metabolic
disorders that typically afflict children.30 Such adult-
onset metabolic diseases generally also show weakness,
spasticity and ataxia, and possibly rapid cognitive
decline. When gastrointestinal disturbance, fluctuat-
ing course, an unexplained pain syndrome and/or
worsening after use of new medicines is seen, porphy-
ria should be considered.

Patients with Kuf 's disease, a rare autosomal reces-
sive adult form of neuronal ceroid lipofuscinoses,
develop a progressive encephalopathy resulting from
an accumulation of acid-phosphate-staining ceroid
and lipofuscins. The disease typically presents in early
adulthood and has been classified into two types:
patients with type A present with a progressive myo-
clonic epilepsy, while type B patients present with
psychosis progressing to dementia.259

Exposure to heavy metals, such as arsenic, mer-
cury, aluminum, lithium and lead, can lead to cogni-
tive decline, particularly if the exposure is acute.
Most cases of acute exposure, however, result in florid
encephalopathies that progress over hours to days,
not weeks to months as is typical of RPDs. Miners
with manganese toxicity may have parkinsonism, but
typically not dementia.53

Overdoses of bismuth (often via products such
as Pepto-bismol) can cause a syndrome mimicking
CJD. Symptoms include apathy, mild ataxia and
headaches, progressing to myoclonus, dysarthria,
severe confusion, hallucinations (auditory and visual),
seizures and, in severe cases, death.60,260–262 Blood
levels of bismuth greater than 50 mg are generally
considered toxic.60,262 While prolonged bismuth
intoxication can lead to permanent tremors, in most
cases the condition is reversible.60,260 Diagnosis is
usually made following a careful history.

Non-organic (psychiatric) causes of rapidly
progressing dementia
Finally, when all neurological possibilities have been
ruled out, psychological causes should be considered.

Section 4: Rapidly progressive dementias

356



Depression can cause pseudodementia, and cognitive
impairments appearing on neuropsychological testing
may result from apathy. Some atypical psychiatric
disorders, particularly disorders of personality, conver-
sion, psychosis and malingering can lead to symptoms
of dementia.263 In these cases, ruling out potentially
treatable or organic disorders is paramount. Muddying
the waters, many neurodegenerative disorders includ-
ing CJD, DLB and CBD can present with psychiatric
features.14,120,121,264–266

Summary
A structured approach to the evaluation of an RPD
is critical for quick diagnosis (Box 23.1). Most often,
elderly patients presenting with RPD are suffering
from delirium caused by a urinary infection or pneu-
monia. Once the simplest causes have been excluded,
a systematic approach in which each category of eti-
ology is considered in turn is most effective. Admitting
the patient may be desirable as numerous tests are
necessary. A body CT scan with and without contrast
is particularly helpful in diagnosing sarcoid, malignan-
cies and paraneoplastic conditions. In some cases, a
brain biopsy may be necessary, though of course only
considered as a last resort. When prion disease is in the
differential, precautions must be taken in the operating
room and when handling brain tissue.
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Chapter

24 Delirium masquerading as dementia

S. Andrew Josephson

Delirium is one of the first mental disorders to be
described in the ancient literature. Nearly 2500 years
ago, Hippocrates detailed a syndrome of acute, fluctu-
ating confusion that we would today term delirium.1

Unfortunately, this common disorder remains largely
unrecognized and understudied in modern times, even
by neurologists and psychiatrists, despite its staggering
morbidity and costs to society.

Delirium is a relatively distinct clinical entity, and
its recognition is an important step in the work-up
of suspected dementia, especially given the tendency
of delirium to be caused by potentially reversible
disorders. Review of the literature on delirium is
complicated by multiple synonyms for this condition
including “acute confusional state,” “encephalopathy”,
“acute brain failure” and “postoperative or intensive
care unit (ICU) psychosis.”2

Definitions of delirium used for clinical descrip-
tions as well as for research have varied widely. At the
core of these descriptions lies an impairment of cogni-
tion across multiple domains, particularly attention,
that has an acute onset and fluctuating course. This
definition would seem to delineate delirium from the
more chronic dementias, but these boundaries can
be blurred when the delirium is long standing or when
the features of a dementia resemble delirium such as is
often found in patients with dementia with Lewy bodies
(DLB)2,3 or late-stage dementias. The most widely
used formal research criteria for delirium is found
in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR) and is shown in Box 24.1.3

Epidemiology, morbidity and costs
associated with delirium
A number of relatively small studies give some rough
but surprisingly wide-ranging estimates as to the

epidemiology of delirium in various settings although
large-scale, population-based and descriptive data are
still needed in order to fully define the scope of this
important problem.

Delirium occurs in 14–56% of hospitalized patients,
with the higher end of this estimate quoted for “frail”
elderly patients and for patients following hip repair.4–6

Postoperative delirium occurs conservatively in two
million persons each year in the USA and is more
common with increasing severity of illness.7 Elderly
patients in the ICU deserve special mention, as nearly
one-third were found to be delirious upon admission
in one study and nearly 85% experienced delirium at
some time prior to discharge.8 Elderly patients in the
ICU who needed mechanical ventilation and survived
their initial illness had an incidence of delirium of 80%
in a prospective cohort.9 These estimates illustrate the
high frequency of this cognitive syndrome, especially
in severely ill hospitalized elderly patients, a population
expected to grow in the coming decades with advances
in life expectancy and the aging of the “baby boomer”
generation.

Prior cognitive dysfunction serves as an important
risk factor for delirium; therefore, patients with pre-
existing dementia are at particularly high risk for
developing delirium both as outpatients and while in
the hospital for any reason. This patient group, with
dementia who then experience a superimposed delir-
ium, has been reported on in only a limited basis
in the literature. A recent review found the prevalence
of delirium superimposed on dementia to range from
22 to 89% in hospitalized and community populations
aged 65 and older.10 These same authors published
data from a 3-year cross-sectional retrospective cohort
of 76 000 patients in a managed care database, using
ICD-9 codes11 and chart review, and found that 13%
of over 7000 patients with dementia also experienced
delirium at some point during the study period.12

Delirium has been viewed in the past as merely a
transient condition with a benign prognosis. How-
ever, recent work suggests significant short-term and
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long-term morbidity in patients with delirium,
including prolonged hospitalization and poor recov-
ery from surgery.13 Delirious patients are more likely
to be discharged to a nursing home from an inpatient
hospitalization than their age-matched counter-
parts.14 Delirium's association with increased length
of stay has been shown to lead to increased healthcare
costs, which likely average over 2 billion dollars a year
in the USA alone, making delirium an extremely
important economic healthcare concern.9,15,16

Delirium leads to increased hospital mortality,
and death as an outcome ranges from 25 to 33% in
delirious inpatients. One problem with these mortal-
ity data is that it has been difficult to demonstrate
if delirium serves simply as a marker for more severe
medical illness.4 One study of delirium in ICU
patients on a ventilator showed a higher 6-month
mortality compared with controls after adjustments
for age, severity of illness, comorbid conditions and
sedative use.9

A comprehensive understanding of the morbidity
of delirium is hampered by the high rate of non-
detection by clinicians, which approaches one-third
of all delirium cases in the hospital.2,5 The lack of
recognition of delirium can be tracked back to the

limited education on this topic in medical school and
postgraduate teaching programs. Additionally, there
is continued misperception of delirium as a normal
and benign response to illness or hospitalization in
the elderly. Similarly, some clinicians only recognize
delirium in its most agitated and severe form, missing
those patients inwhomdeliriumpresentswith decreased
alertness or more mild cognitive symptoms.

Clinical characteristics of delirium
Delirium is characterized by the acute onset of a
cognitive disturbance that fluctuates, often in a typical
pattern that leads to worsening in the evening, com-
monly termed “sundowning.” The cognitive hallmark
of delirium is lack of attention, although all cognitive
domains including memory, orientation, visuospatial,
language and executive function can be affected.
Common associated symptoms present in some deli-
rious patients include hallucinations or delusions,
altered sleep–wake cycle, changes in affect and auto-
nomic symptoms including tachycardia and blood
pressure instability. These associated features are not
present in all patients with delirium and, therefore,
are not required in the definition of this entity.

Box 24.1 Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) criteria for the diagnosis of delirium

(a) Disturbance of consciousness (that is, reduced clarity of awareness of the environment, with reduced ability to
focus, sustain, or shift attention)

(b) A change in cognition (such as memory deficit, disorientation, language disturbance) or the development of
a perceptual disturbance that is not better accounted for by a pre-existing established or evolving dementia

(c) The disturbance developed over a short period of time (usually hours to days) and tends to fluctuate during the
course of the day

(d) Where the delirium is due to a general medical condition – there is evidence from the history, physical
examination, or laboratory findings that the disturbance is caused by the direct physiological consequences
of a general medical condition

Where the delirium is due to substance intoxication – there is evidence from the history, physical examin-
ation, or laboratory findings of either 1 or 2:
1. The symptoms in criteria (a) and (b) developed during substance intoxication
2. Medication use – etiologically related to the disturbance

Where the delirium is due to substance withdrawal – there is evidence from the history, physical examination,
or laboratory findings that the symptoms in criteria (a) and (b) developed during or shortly after the
withdrawal syndrome

Where delirium is due to multiple etiologies – there is evidence from the history, physical examination, or
laboratory findings that the delirium has more than one etiology (for example, more than one etiological
general medical condition, a general medical condition plus substance intoxication, or medication side effects)

(e) Delirium not otherwise specified – this category should be used to diagnose a delirium that does not meet criteria
for any of the specific types of delirium described. Examples include a clinical presentation of delirium that is
suspected to be due to a general medical condition or substance use but for which there is insufficient evidence to
establish a specific etiology, or where delirium is due to causes not listed (for example, sensory deprivation)

Source: Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, 4th edn Text
Revision (Copyright 2000). American Psychiatric Association.3
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Traditionally, patients with delirium have been
classified into hyperactive and hypoactive subtypes,
with some also describing a “mixed” intermediate
subtype. Alcohol and benzodiazepine withdrawal syn-
dromes are the classic prototype for the hyperactive
subtype, with prominent agitation, hallucinations,
autonomic instability, and hyperarousal.17 The hypoac-
tive subtype, where patients present with decreased
alertness with prominent apathy and psychomotor
slowing, is easily missed by clinicians and has a wide
range of etiologies including the classic example of
narcotic or sedative administration.5

The distinction between these subtypes is likely
artificial. Delirium more accurately represents a spec-
trum of behavioral syndromes ranging from hypo-
activity to hyperactivity, often changing seamlessly
within seconds in an individual patient. However,
where a patient with delirium will fall within this
spectrum of activity is partially dependent on the
etiology of the delirium. It is important for clinicians
to recognize this spectrum of delirium's diverse clin-
ical presentations. The hypoactive subtype is more
commonly missed, in part because some clinicians
view delirium only as the classic delirium tremens-
associated agitated, hyperactive state that includes
hallucinations and altered sleep–wake cycle.9,18

Following resolution of an episode of delirium,
patients may or may not return to their previous
cognitive baseline. This area needs prospective
research using modern neuropsychological and neuro-
imaging techniques to define any permanent injury
occurring as the result of delirium. To what degree
patients recall events that occurred during their
episode of delirium has not been well studied. Anec-
dotally, some patients are amnesic for the delirium
episode while others remember the episode as a
frightening event, occasionally re-experiencing the
unpleasant episode in a manner similar to patients
with post-traumatic stress disorder.16

Risk factors for delirium
Primary prevention of delirum will require the
identification of patients at risk for this disorder.
Ultimately, large population-based studies will be
needed to identify these risk factors more fully, but
smaller studies since the early 1990s have identified
baseline patient characteristics as well as in-hospital
interventions that are associated with an increased
risk of developing delirium.

The two most consistently identified risk factors
for delirium are increasing age and baseline cognitive

dysfunction.8,19–21 The absence of rigorous baseline
neuropsychological testing of patients makes it diffi-
cult to determine if these two risk factors are truly
independent or if the cohort of patients with increas-
ing age in these various studies had pre-existing cog-
nitive dysfunction.

Clearly, baseline cognitive deficits seem to serve
as a risk factor for delirium. The mechanism for this
risk may relate either to decreased metabolic cerebral
“reserve” or to the pathophysiology of an underlying
degenerative illness such as Alzheimer's disease or
DLB. One study of a prospective cohort of 120 patients
over 65 years in the ICU showed that patients with a
previous diagnosis of dementia were 40% more likely
to develop delirium after adjustment for baseline
functional status, severity of illness and invasiveness
of in-hospital procedures.8 A recent Cochrane Data-
base Review concluded that 45% of patients with a
Mini-Mental State Examination (MMSE) score less
than 24 developed delirium in the hospital.5 Other
patient risk factors that have been identified in vari-
ous studies include baseline vision and hearing
impairment, baseline functional impairment, a previ-
ous episode of delirium, and pre-admission use of
sedatives or narcotics.19,20,22

Factors that are associated with delirium in hos-
pitals include dehydration, malnutrition, sleep depriv-
ation, sensory deprivation, bladder catheterization,
physical restraints, adding more than three new medi-
cations, an abnormal serum sodium and both fever
and hypothermia.2,19,22 Given the high incidence of
delirium in the postoperative setting, some studies
have attempted to examine surgical and anesthetic
characteristics that place these patients at increased risk
for delirium. Non-cardiac thoracic surgeries as well as
cardiac revascularization procedures with a long dur-
ation of cardiopulmonary bypass have been identified
as higher risk for development of postoperative delir-
ium.20,23 Interestingly, both postoperative use of pain
medications and inadequate treatment of pain post-
operatively have been identified as risk factors for
the development of delirium.2,20 A study of anesthesia
type showed no difference in rates of delirium
between epidural and general anesthesia for knee
replacement in a group of patients with a mean age
near 70 years.24

Three separate studies from the 1990s, each includ-
ing 100–250 patients, have attempted to develop a
scoring system to calculate the risk for developing
delirium in patients admitted to the hospital, and each
has shown increasing risk with a higher number of
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patient or hospital-acquired risk factors.21,22,25 It
would be valuable to develop a widely accepted
scoring system to assess risk prior to hospital admis-
sion or surgery so that appropriate environmental,
nursing and perhaps medication interventions could
be put in place for higher risk groups in order to
prevent the development of delirium.

Etiologies of delirium
The first step in evaluating a patient with delirium is
distinguishing it from a more chronic degenerative
condition. Dementia with Lewy bodies can masquer-
ade as delirium owing to its fluctuating course, high
incidence of hallucinations and disordered sleep–
wake cycle. A careful history of the time course of
the illness is imperative to make the separation
between dementia and delirium. However, because
degenerative diseases place the patient at higher risk
for delirium, it is likely that many patients will have
both conditions, complicating the clinical assessment.

The etiology of delirium is often multifactorial
and the factors that can contribute to or cause delir-
ium are varied, making an exhaustive, all-inclusive
list difficult. Nonetheless, some general categories of
causes for delirium can be identified. Clearly, patients
experiencing the same insults have varied responses;
for example, only a minority exposed to an anti-
cholinergic medication become delirious. These differ-
ent responses to similar exposures are likely explained
by a multitude of patient characteristics, including
baseline intactness of the cholinergic system, metabolic
influences upon drug metabolism and the patient's
baseline cognitive state. Consequently, the emergence
of delirium in a patient offers critical insights into
pre-existing medical factors.

A wide range of medications can lead to delirium,
and some estimates suggest that medications cause up
to one-third of that seen.17 The most common classes
of medication that lead to delirium include those with
anticholinergic properties, narcotics and benzodi-
azepines. Nearly any medication can lead to delirium
in the right patient at the right dose; therefore, a careful
analysis of medications and the time course of their
initiation in relation to the onset of the delirium are
key steps in the evaluation of the delirious patient.

Illicit drugs and toxins are another common
etiology of delirium. In addition to more traditional
street drugs, inhalants and poisons, the recent
increase in the use of so-called “club” drugs such as
methylenedioxymethamphetamine (MDMA, ecstasy),

gamma-hydroxybutyrate (GHB), and the PCP-like
agent ketamine have led to young persons presenting
to various emergency-room settings in a delirious
state.26 Withdrawal from alcohol or sedatives including
benzodiazepines continues to precipitate a delirium
that is usually hyperactive in nature and characterized
by hallucinations and autonomic instability.

Infections are another common cause of delirium.
In particular, infections of the central nervous system
itself, including encephalitis and meningitis, must be
considered in a patient with a new onset of confusion.
However, systemic illnesses, such as a urinary tract
infection, sepsis or pneumonia, are the most common
precipitants for delirium.27 It is unclear why seem-
ingly trivial systemic infections trigger delirium in
susceptible patients, but pro-inflammatory cytokines
may have some role through their effects on central
nervous system tissues and function.

Various metabolic derangements increase the
risk for delirium, especially in patients with advanced
age or baseline cognitive impairment. Hypoxia, hypo-
glycemia, renal or liver dysfunction, vitamin deficien-
cies, electrolyte disturbances, anemia of any cause and
endocrinopathies including thyroid derangements
all have been described as causing delirium.1 Initial
laboratory evaluation of a patient with delirium
should focus on these etiologies.

Vascular disease is often overlooked in reviews of
delirium. However, despite traditional teaching to the
contrary, acute stroke-precipitated confusional states
are common. A recent small study found that the
presence of a hemorrhagic stroke subtype and the
presence of pre-stroke anticholinergic medications
were risk factors for delirium in acute stroke.28 It is
rare to see a single small lesion, aside from injury in
the anteromedial thalamus, account for a clinical
presentation of delirium.29 Commonly, acute stroke
places patients in an environment where delirium is
more likely to develop, both through sensory overload
and unfamiliarity and through increased risk for
infections and electrolyte disturbances while in the
inpatient setting.

Other disorders that must be considered in the
patient with unexplained delirium include non-
convulsive status epilepticus, central nervous system
vasculitis and large space-occupying lesions in the
brain. As discussed below, the utility of imaging
and electroencephalography (EEG) in the work-up
of delirium to look for these etiologies is unknown.

Finally, a terminal end-of-life delirium has been
described that has been given many names, including
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“terminal restlessness”; notably, this delirium may be
caused by the usual etiologies of delirium and, given
its effect on quality of end-of-life care, should be inves-
tigated and treated aggressively when appropriate.30

The pathophysiology of delirium
The pathophysiology of delirium is poorly under-
stood. Neuroanatomically, a disorder characterized
by an attentional deficit provides limited localizing
value. Attention has a diffuse anatomy in the central
nervous system and includes thalamic and bihemi-
spheric projections, especially to the frontal lobes.31

Some have proposed, based upon studies of acute
stroke-precipitated inattention from right middle
cerebral artery territory infarcts, a separate attentional
cerebral localization that is more focal in the right
parietal lobe.31 Regardless, the attentional deficit that
is the hallmark of delirium is more often the final
common pathway of various diffuse cerebral pro-
cesses rather than the result of a focal lesion.

Some evidence exists for a cholinergic deficiency
as a cause for certain types of delirium.32,33 Anti-
cholinergic medications can precipitate delirium, and
some studies have correlated the level of serum anti-
cholinergic compounds with the severity of delirium.32

In addition, cholinergic deficiency is common in DLB,
a condition that canmimic delirium; patients with DLB
often respond remarkably well to cholinesterase inhibi-
tors.35 Based upon these studies and the important role
of acetylcholine in focus and attention, cholinesterase
inhibitors offer hope for the treatment of delirium.34

Yet, there has been little work in this area to date.
The explanation for increasing incidence of

delirium with age still remains unexplained despite
many theories. In one small study, regional cerebral
blood flow as measured by xenon computed tomog-
raphy (CT) was found to be reduced in delirious
patients. Age may be a risk factor for delirium owing
to decreased cerebral blood flow or decreased
“reserve” with increasing age as a result of progressive
atherosclerosis of large arteries.36 The elderly have
more cormorbid baseline factors that could lead
to delirium, including functional hearing and visual
loss and a greater burden of structural brain disease
such as small-vessel ischemic disease, making them
particularly at risk for a diffuse metabolic insult to
the hemispheres.16 Finally, the metabolism and phar-
macokinetics of medications change in the elderly,
leading to differential susceptibility to compounds
that do not lead to delirium in younger patients.

The diagnosis and evaluation
of the delirious patient
History
Recognition of patients with delirium continues to be a
difficult task, and up to one-third of patients suffering
from delirium are not identified.2 The evaluation
should begin with a careful history. As the patient
will have diminished reliability as a historian, often a
collateral source is needed. The classic acute onset
and fluctuating nature of a cognitive disturbance char-
acterized by lack of attention is important in making
the diagnosis. Other associated features are variably
present, including hallucinations, altered sleep-wake
cycle, myoclonus or tremor and autonomic instability.

The two most important elements of the history
include establishing the patient's baseline level of cog-
nitive functioning and reviewing all current medica-
tions. With regards to the history, premorbid cognitive
difficulties must be identified by the clinician, both
because pre-existing cognitive dysfunction serves as
an important risk factor for delirium and because some
neurodegenerative disorders, most notably DLB, may
present with a chronic delirium.19 Baseline cognitive
function is determined by reviewing outpatient records
and through an interview of a collateral source, such as
a spouse. A collateral source can help to facilitate more
formal assessment of cognitive function using estab-
lished tools such as the modified Blessed Dementia
Rating Scale.37,38 Medication lists need to be reviewed
in full, with particular attention to recent medication
additions including prescribed, over-the-counter and
herbal products. As nearly one-third of all cases of
delirium may be induced by medications, establishing
the time course of addition of medications in compari-
son with the onset of cognitive changes is key.17

Since systemic infections are a common etiology
of delirium, special attention needs to be paid in
the history to any symptoms of infection. Presence
of changes in urinary symptoms, cough, shortness of
breath and fever should be assessed in all patients
with delirium and further explored through the phys-
ical examination, laboratory tests and, potentially,
with imaging studies.

Physical examination
The general physical examination of the delirious
patient should focus on ruling out signs of infection
and assessing volume status, as systemic infection and
dehydration have each been identified as causes of
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delirium.19 Examination of the head and neck should
include screening for meningismus as well as using
jugular venous pulsations to assess volume status. The
pulmonary examination should be directed toward
searching for signs of pneumonia or fluid overload.
Cardiac examination should pay close attention to
murmurs, as endocarditis with associated sepsis may
lead to a delirium.

The mental status portion of the neurologic evalu-
ation is discussed below. The remainder of the neuro-
logical examination should focus mainly on identifying
signs of parkinsonism and assessing for focal abnor-
malities. Parkinsonism is present most commonly in
idiopathic Parkinson's disease and, in the delirious
patient population, DLB. Both of these conditions
predispose the patient to delirium via the underlying
condition and through the use of dopaminergic medi-
cations in treatment.

Focal weakness or numbness may be indicative
of a new stroke. While traditionally ischemic stroke
is not thought of as a common etiology for delirium,
small thalamic infarctions, as well as perhaps non-
dominant cortical infarctions, may present with acute
delirium.29 In addition, a patient with baseline cogni-
tive dysfunction and advancing age may become deli-
rious after a stroke owing to decreased mobility,
infection or aspiration.

Mental status examination
The mental status examination serves as the key
element of the neurologic examination leading to a
diagnosis of delirium. The rest of the examination
detailed above is then directed mainly towards eluci-
dating an etiology for the delirium in order to guide
treatment. The patient's level of alertness can easily be
assessed at the bedside, recalling that the spectrum of
clinical presentations of delirium includes patients
with increased as well as decreased levels of alertness.

Much can be gained from informally assessing the
individual during the history portion of the examin-
ation. Disorganized thinking is common in patients
with delirium, and it is often manifested through
tangential conversation and a fragmented flow of ideas.

Inattention serves as a core feature of delirium
and can be assessed at the bedside by asking the
patient to repeat digits forward. In this task, patients
are given successively longer series of numbers, from
2 to 9 digits, and asked to repeat them back to the
examiner. A maximum forward digit span of less than
five almost certainly indicates inattention unless some
other language or hearing barrier exists. Other key

features of delirium include deficits in copying,
anomia for low-frequency items and problems with
complex commands.

A MMSE can be easily administered and may be
helpful in patients with delirium, especially in quan-
tifying orientation. Many of the tasks on the MMSE
assess attention and are vulnerable to delirium, such
as spelling “world” backwards and serial subtraction
by 7 or 3. Although not practical in all patients, more
detailed neuropsychological testing of multiple cogni-
tive domains in these patients is an important area of
research in order to delineate more fully the cognitive
deficits that are present in delirious patients.

Established scales to diagnose delirium
Numerous groups have attempted to define methods
to diagnose delirium that are simple to administer
and are easily scored. These tests have been studied,
in general, through comparisons with formal applica-
tion of criteria from the Diagnostic and Statistical
Manual of Mental Disorders3 or the International
Classification of Diseases.11 All of these scales, there-
fore, even when proven to be sensitive and specific,
can only be as accurate as these “gold standard” criteria
for capturing the spectrum of delirious patients.
Indeed, these current DSM and ICD criteria are limited
in their scope. Scales that have been examined for the
diagnosis of delirium include the Confusion Assess-
ment Method (CAM), the Organic Brain Syndrome
Scale, the Delirium Rating Scale, the Nursing Delirium
Screening Scale (Nu-DESC), the MMSE and the port-
able Mental State Questionnaire.5,39

Perhaps the most widely studied, and most com-
monly used, of these scales is the CAM.40 Developed
in the late 1980s, this scale includes at its core four
cardinal features of delirium: (1) acute onset and
fluctuating course, (2) inattention, (3) disorganized
thinking, and (4) altered level of consciousness.
To make the diagnosis of delirium using the CAM,
a patient must have evidence of the first two features
and one of the last two features, as shown in Box 24.2.
This scale has a high sensitivity and specificity for
the diagnosis of delirium when compared with DSM
and can be abstracted retrospectively reasonably well
through chart review.4 However, the CAM has yet
to be validated or shown to be reliable using large
population-based techniques.

Historically, delirium in patients in the ICU has
been overlooked, yet the presence of delirium leads
to a poor prognosis for patients in this setting.9

A version of the CAM adapted for mainly non-verbal
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patients in the ICU has been used by some ICU staff
to increase recognition of delirium.18 Recently, com-
bination of this CAM-ICU scale with the Richmond
Agitation Sedation Scale (RASS) has been used in a
prospective study of ventilated patients in an attempt
to recognize more cases of delirium and distinguish
these patients from those with coma.9 Other groups
have focused on developing simple delirium-screening
checklists that can be applied by nurses in the ICU,
essentially creating an important other vital sign to
be monitored regularly in the intensive care unit.41

Laboratory assessment for the
delirious patient
There are no established guidelines to aid the clinician
in determining an appropriate laboratory work-up for
the delirious patient. A complete blood count and
metabolic panel, including measurement of electro-
lytes and assessment of renal and liver function is
essential in all patients. This initial screen can evaluate
for the presence of an elevated white count, anemia,
electrolyte disturbances and liver or kidney dysfunc-
tion, all of which are known causes of delirium. Given
the high rate of systemic infection in elderly patients
leading to delirium, obtaining a urinalysis and chest
radiograph in these patients as part of the initial
work-up is worthwhile.16 Table 24.1 has a suggested
work-up of a patient with delirium. After an initial

screening, more rigorous testing should be performed
if the etiology of the delirium remains unclear. Other
laboratory tests, including blood cultures, ammonia,
erythrocyte sedimentation rate, cerebral spinal fluid
examination, EEG and infectious or autoimmune
serologies, should be guided by the clinical picture
as well as by the initial evaluation and laboratory
work-up. Partial complex status must be ruled out
with EEG in every patient with delirium without a
clear etiology.

There are no clear data as to the yield of brain
imaging in delirious patients. Most clinicians will
proceed to imaging quickly if the initial laboratory
work-up is unrevealing. A non-contrast head CT can
exclude intracerebral hemorrhage andmany large space-
occupying lesions. Magnetic resonance imaging (MRI)
of the brain with gadolinium can definitively exclude
most cases of acute stroke and allow for assessment of
structural changes consistent with neurodegenerative
disease, toxic exposures and encephalitis. Therefore,
MRI is likely the test of choice if brain imaging is to
be performed on patients with delirium, but this
technique may be limited by the patient's inability
to remain still for long periods of time as well as cost.

Management of delirium
Management of the patient with delirium involves both
addressing symptoms of the disorder and identifying

Box 24.2 The diagnosis of delirium by the Confusion Assessment Method (CAM)

Evidence of Features 1 and 2 is required plus one of features 3 and 4

Feature 1: Acute Onset and Fluctuating Course
This feature is usually obtained from a family member or nurse and is shown by positive responses to the
following questions: Is there evidence of an acute change in mental status from the patient's baseline? Did the
(abnormal) behavior fluctuate during the day (that is, tend to come and go, or increase and decrease in severity)?

Feature 2: Inattention
This feature is shown by a positive response to the following questions: Did the patient have difficulty focusing
attention, for example, being easily distractible, or having difficulty keeping track of what was being said?

Feature 3: Disorganized Thinking
This feature is shown by a positive response to the following question: Was the patient's thinking disorganized or
incoherent, such as rambling or irrelevant conversation, unclear or illogical flow of ideas, or unpredictable
switching from subject to subject?

Feature 4: Altered Level of Consciousness
This feature is shown by any answer other than “alert” to the following question: Overall, how would you rate this
patient's level of consciousness? (alert [normal], vigilant [hyperalert], lethargic [drowsy, easily aroused], stupor
[difficult to arouse], or coma [unarousable])

Note: Reproduced with permission from the American College of Physicians.40
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and treating the underlying etiology. Tapering or
discontinuing likely offending medications is the first
step in management of a delirious patient, given the
high incidence of medication-induced or medication-
exacerbated delirium.

Environmental and structural interventions can be
extremely effective in managing the delirious patient,
especially in those who develop delirium after admis-
sion to the hospital or ICU. Inouye and colleagues40

published a study of a multicomponent intervention
designed to reduce and treat delirium in over 850
patients 70 years and older admitted to a general
medical ward. These patients were matched (not ran-
domized) to either an intervention unit or a standard
care unit in the hospital. A variety of nursing methods
were used to assess and treat various factors that may
contribute to delirium, including cognitive impair-
ment (through increasing orientation reminders and
cognitive stimulation), sleep deprivation (by instituting
unit-wide noise reduction and environmental improve-
ment at night), immobility (through early and frequent
mobilization), visual impairment (by making available

visual aids and adaptive equipment), hearing impair-
ment (through providing amplifying devices and
communication techniques) and dehydration (by
instituting aggressive volume repletion). The study
demonstrated good adherence to this regimen in the
intervention group. The patients in the intervention
group demonstrated a decreased incidence of delir-
ium as well as a decreased number of days with
delirium. Elements of this protocol are inexpensive
and quite easy to employ in most hospital or nursing
home settings.

Other studies have shown a decreased incidence of
delirium with staff education programs or through
early involvement of geriatrics or psychiatry consult-
ations.6,43,44 None of these intervention studies has
demonstrated a drastic decrease in delirium rates in
the hospital, suggesting that while these measures
may be effective in preventing some cases of delirium,
primary prevention is likely the key to this illness.42

Medications are often administered to treat agita-
tion in patients with a hyperactive delirium. This
strategy seems to be superior to physical restraints
for delirious patients as the latter tends to increase
confusion and agitation in these already impaired
patients. Both benzodiazepines and antipsychotic
drugs have been used for this purpose, and little
evidence exists to guide the choice of one over the
other. Benzodiazepines are clearly the proper choice
of these two classes of agent in cases of alcohol or
sedative withdrawal. Antipsychotic choice has been
guided by small studies that have examined the use
of typical versus atypical antipsychotic agents, with
mixed results.45–47 This last issue has become more
complicated with recent US Food and Drug Adminis-
tration (FDA) warnings regarding apparent increased
mortality in elderly individuals exposed to atypical
antipsychotic drugs.48

Other medications that may prove to be effective
in the future in treatment of delirium include drugs
targeting an acetylcholine deficit, such as cholinester-
ase inhibitors, as well as stimulant medications for
those with a more hypoactive delirium.34,49,50

Future directions
The field of delirium remains, some 2500 years after
its initial description, largely understudied compared
with diseases with much lower prevalence. The
opportunities for future research in this area are
enormous and have been mentioned throughout the
course of this chapter.

Table 24.1. Initial evaluation of a patient with delirium

Components

Initial evaluation History with special attention to all
medications (including over-the-counter
items)

Physical examination

Complete blood count

Electrolyte panel including calcium,
magnesium, phosphorus

Liver function tests including albumin,
urine analysis and culture

Chest radiograph

Electrocardiogram

Further evaluation
guided by initial
evaluation

Brain imaging with magnetic resonance
with diffusion and gadolinium (preferred)
or computed tomography

Serum ammonia

Erythrocyte sedimentation rate

Blood cultures

Lumbar puncture (if suspicion of
meningitis, should be performed
initially)

Electroencephalograph (if high suspicion
of status epilepticus, should be performed
initially)

Autoimmune and infectious serologies
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Detailed clinical descriptions of delirium using
careful modern cognitive techniques and neuropsycho-
logical testing are needed in order to fully define the
spectrum of this disease and distinguish it from other
cognitive disorders, including the neurodegenerative
diseases. Large population-based studies are needed to
ascertain the prevalence of this disorder and determine
risk factors for delirium. Eventually, patients preparing
for elective hospitalization or surgery may be able to
be stratified for risk of development of delirium, and
high-risk patients could be counseled as to this risk and
perhaps given specialized intraoperative or in-hospital
care to detect and treat this disorder. This type of
primary prevention program is likely the key to signifi-
cantly reducing the incidence of this disease.

Imaging data including MRI as well as functional
and perfusion studies are sorely lacking in patients
with a history of delirium or in those who are actively
delirious. These imaging data may provide important
information towards elucidating the pathophysiology
of delirium. Genetic data involving patients with
delirium are also lacking; many of the differential
responses to medication that can cause a delirium
may be a result of polymorphisms in the P450 system
or other drug metabolism pathways.

Finally, the field of delirium remains desperately
in need of novel therapeutic approaches, which must
be tested in double-blind random-controlled trials.
It is only through these types of research approach
that this very common and costly medical problem
can eventually be adequately addressed.
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Chapter

25 Paraneoplastic disorders
of the memory and cognition
Luis Bataller and Josep Dalmau

Introduction
Once considered rare, paraneoplastic disorders (PND)
of the brain are becoming increasingly recognized
as a cause of higher cortical dysfunction (cognition,
memory, attention, affection and behavior) and dis-
ruption of sleep and level of consciousness (Gultekin
et al., 2000; Ances et al., 2005). Symptoms may be
limited to these cortical functions or develop in asso-
ciation with syndromes of the brainstem, cerebellum,
dorsal root ganglia and peripheral nerves. Although
the term PND can be applied to a number of non-
metastatic neurologic complications of cancer, most
PND are immune mediated and this chapter will
focus on these disorders.

It has been suggested that approximately 1:10 000
cancer patients develop PND, although there are no
data supporting such a low incidence (Darnell and
Posner 2003). Our experience in a single institution
suggests a higher frequency: closer to 1:500–1:1000
with an even higher incidence reported for particular
cancer populations such as small cell lung cancer
(SCLC, 	5%) and thymoma (	30%) (Elrington et al.,
1991; Muller-Hermelink and Marx 2000). For PND
affecting memory and cognition, the incidence can only
be estimated for patients with paraneoplastic limbic
encephalitis (PLE), at approximately 1:2000–1:3000.

Cancer-related dementia
The occurrence of dementia in patients with cancer
and inflammatory infiltrates of the brain was initially
reported by Brierley and colleagues in 1960. They
described three patients with progressive dementia
and “subacute encephalitis of later adult life, mainly
affecting the limbic areas”; two of the patients had
evidence of cancer (one confirmed at autopsy) but the
authors considered “most unlikely that this finding

was in any way related to the encephalitis although its
occurrence should be noted.” In 1968, Corsellis and
colleagues coined the term “limbic encephalitis” to
describe one patient with severe short-term memory
loss and two patients with memory loss and dementia
in association with bronchial carcinoma; in all three
patients the neuropathological findings consisted of
both inflammatory and degenerative changes concen-
trated in the temporal parts of the limbic gray matter.
The same authors reviewed the extant literature, iden-
tifying eight other cases with dominant clinical and
pathological involvement of the limbic system, and
established for the first time a relationship between
systemic cancer and dementia or memory deficits.

Once the relationship between cancer and memory
or cognitive dysfunction was established, three patho-
genic hypotheses were advanced: (1) a degeneration
(not further defined) of the nervous system in which
inflammatory infiltrates were a secondary “reaction
to the tissue breakdown”, (2) a viral infection, and
(3) an immune-mediated response against the nervous
system, which is the currently accepted hypothesis.

Immune-mediated mechanisms
There are several immunological and pathological
findings that support an immune-mediated patho-
genesis for most PND of memory and cognition.
They include (1) detection of antibodies in serum or
cerebrospinal fluid (CSF) to specific neuronal pro-
teins usually expressed by the underlying tumor
(onconeuronal antigens) (Table 25.1); (2) absence of
these antibodies in similar disorders without a cancer
association; (3) presence of inflammatory abnormal-
ities in the CSF, including lymphocytic pleocytosis,
increased protein concentration, oligoclonal bands
and intrathecal synthesis of IgG or specific onconeur-
onal antibodies; and (4) presence of infiltrates of
B cells and predominantly T cells in the involved areas
of the central nervous system (CNS), where the T cells
are usually composed of CD4 and CD8 cells and
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cluster around neurons undergoing degeneration
(neuronophagic nodules) (Jean et al., 1994).

These CNS-infiltrating T cells often express cyto-
toxic proteolytic enzymes (T cell intracellular antigen

[TIA]-positive cells) and may be accompanied by
deposits of paraneoplastic antibodies predominantly
in the areas more heavily infiltrated by T cells
(Fig. 25.1) (Bernal et al., 2002). The specificity of the

Table 25.1. Immunological associations in paraneoplastic disorders of the memory and cognition

Antibodies Tumor Associated syndromes

Antibodies to intracellular neuronal antigens

Hu SCLC Encephalomyelitis, sensory neuronopathy

CV2/CRMP5 SCLC, thymoma Encephalomyelitis, chorea, uveitis, sensorimotor neuropathy

Ma2 Testis, non-SCLC, other Limbic, hypothalamic and upper brainstem encephalitis

Amphiphysin SCLC, breast Stiff-person syndrome

Ri Breast, gynecological,
SCLC

Opsoclonus–myoclonus–ataxia of the adult, brainstem
encephalitis, cerebellar degeneration

Antibodies to neuronal cell membrane antigens

VGKC Thymoma, SCLC, non-
SCLC

Hyponatremia, peripheral nerve hyperexcitability, Morvan's
syndrome; mild or absent CSF abnormalities

Novel neuropil antibodies (to NMDA,
AMPA receptors)

Teratoma, thymoma Severe psychiatric symptoms, central hypoventilation

Notes:
SCLC, small cell lung cancer; CSF, cerebrospinal fluid; VGKC, voltage-gated potassium channel; CRMP, collapsin response-mediator protein;
NMDA, N-methyl-D-aspartate; AMPA, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid.

Fig. 25.1. Deposits of IgG and presence of cytotoxic T cells in the biopsy of brain of a patient with paraneoplastic limbic encephalitis.
(A) Deposits of IgG in neurons (brown staining). (B) Perivascular (arrows) and interstitial (asterisks) infiltrates of mononuclear cells; most of the cells
in the perivascular space were B cells, and most of the cells in the interstitial space were T cells (not shown). (C) Interstitial T cells expressing T cell
intracellular antigen 1 (TIA-1; a marker of activated cytotoxic T cells). (D) A small neuronophagic group of T cells expressing granzyme B.
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T cells for onconeuronal antigens has been demon-
strated using peripheral blood and tumor cells lines
or fibroblasts engineered to express the onconeuronal
antigens (Albert et al., 1998; Tanaka et al., 1999).
Although it is clear that the CNS-infiltrating T cells
contribute to the neuronal degeneration and to the
neurologic disease, an anti-tumor effect is less evident.
The fact that many patients with PND have a detect-
able tumor or eventually have tumor progression
suggests that the paraneoplastic anti-tumor response
is not sustained enough to destroy the tumor efficiently
or control its growth (Bataller and Dalmau 2004).
Overall, considering all patients with paraneoplastic
antibodies to intracellular antigens (i.e. Hu, CV2/
CRMP5 [collapsin response-mediator protein 5],
amphiphysin), which are the ones associated with cyto-
toxic T cell immunity, approximately 10% of patients
survive their tumor and neurologic deficits, 50% die
as a result of the neurologic disease, and 40% die as a
result of tumor progression (Rojas et al., 2000; Graus
et al., 2001; Sillevis et al., 2002; Dalmau et al., 2004).

In contrast to the PND associated with immunity
against intracellular antigens, recent studies have
described several disorders associated with antibodies
reacting with neuronal cell membrane antigens pre-
dominantly expressed in the neuropil of hippocam-
pus and, sometimes, cerebellum (Fig. 25.2). These
disorders usually involve the limbic system and
may occur as paraneoplastic or non-paraneoplastic
syndromes. The best characterized antibodies of this
group are those to N-methyl-d-aspartate (NMDA)
receptor (Dalmau et al., 2008) and the voltage-gated
potassium channels (VGKC; Kv1.1, Kv1.2 and Kv1.6)
(Vincent et al., 2004). Other novel neuropil antibodies
to diverse cell membrane antigens different from
VGKC have been isolated (Ances et al., 2005). Because
these antibodies have only recently been reported and
because the clinical outcome of these patients is better
than those associated with antibodies to intracellular
antigens, there are no pathological studies to confirm
the presence of inflammatory infiltrates, or the pres-
ence of cytotoxic T cells in the brain of these patients.

Fig. 25.2. Antibodies to intracellular and cell-membrane antigens in patients with limbic encephalitis. (A) Sagittal section of rat hippocampus
immunolabeled with anti-Hu antibodies. (B,C) Consecutive sections of hippocampus immunolabeled with Kv 1.2 antibodies to voltage-
gated potassium channels (B) and a novel neuropil antibody (C). (D) The area in the rectangle in (C) at higher magnification. (E) Reactivity of
another neuropil antibody in a consecutive section of the same region. Note the difference between (A) and (B–E); the anti-Hu antibody
(A) reacts with intracellular antigens (Hu) while the other antibodies react with areas of the neuropil that are rich in dendrites and synapses but
spare the neuronal cell bodies. In all panels, the asterisks are placed in the same region (neurons of the dentate gyrus) to allow comparison
between reactivities. Sections counterstained with hematoxylin.
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There are no animal models for any PND of
memory and cognition associated with antibodies to
either intracellular antigens or cell membrane antigens.

Symptom presentation and diagnosis
Cancer patients often develop confusion, delirium
and cognitive dysfunction. In a cancer hospital, these
symptoms and decline of level of consciousness were
the second most common reason for neurologic con-
sultation after pain (Posner 1995). Table 25.2 shows
the mechanisms more frequently involved, including
direct invasion of the nervous system by the tumor
or metastasis, and an extensive list of non-metastatic
complications. However, PND is rarely diagnosed
in this setting because these disorders usually present
before the presence of a cancer is known. Therefore,
rather than oncologists or neuro-oncologists, the
physicians that more frequently first encounter these
patients are primary care physicians or neurologists.

The symptom presentation of PND is usually
subacute and the disorder rapidly evolves in weeks
or a few months to cause severe deficits that are often
irreversible. An important concern for the physician
is early recognition of the disorder, because prompt
treatment of the tumor and immunosuppression may
favorably affect the neurologic outcome (Keime-
Guibert et al., 1999; Dalmau et al., 2004), particularly
when the limbic system is involved and the immune
response associates with neuropil antibodies (Gultekin

et al., 2000; Ances et al., 2005). Overall, the diagnosis of
PND is usually based on the recognition of the neuro-
logic syndrome, the demonstration of the associated
cancer and the identification of paraneoplastic anti-
bodies (Graus et al., 2004).

Recognition of the neurologic syndrome
Limbic encephalitis in adults and opsoclonus–
myoclonus in children are the two main PND that
affect memory and cognition, and each has character-
istic clinical features that allow their prompt recogni-
tion. Another PND that may cause depression of level
of consciousness, seizures, memory deficits or demen-
tia is paraneoplastic encephalomyelitis (Dalmau
et al., 1992). In this disorder, the multifocal or diffuse
inflammatory abnormalities result in diverse syn-
dromes that are also frequent in patients without
cancer and, therefore, requires a more extensive
differential diagnosis (Graus et al., 2004).

Clinical and laboratory tests that support a para-
neoplastic cause of a disorder of memory or cognition
include (1) the subacute development of symptoms,
(2) the presence of associated symptoms or syndromes
that are frequently paraneoplastic (i.e. dorsal root
ganglionopathy, opsoclonus, subacute ataxia), (3) the
concomitant occurrence of systemic paraneoplastic
features (i.e. unintentional loss of weight, hypertrophic
osteoarthropathy or clubbing, inappropriate secretion
of antidiuretic hormone [SIADH]), (4) the presence
of CSF inflammatory abnormalities, (4) the detection

Table 25.2. Causes of delirium and cognitive dysfunction in cancer patients

Causes

Direct involvement of the CNS
by tumora

Primary brain tumor, brain metastasis, neoplastic meningitis

Cerebrovascular diseasea Disseminated intravascular coagulation, non-bacterial thrombotic endocarditis, arteritis, venous
occlusion, tumor hemorrhage

Infections Bacterial, viral, fungal, parasitic infections

Metabolic and endocrine disorders Organ failure (liver, kidney, lung), hypovolemic shock, electrolyte imbalance, endocrine
dysfunction (adrenal, thyroid)

Nutritional deficiencies Thiamine, cobalamin, niacin

Chemotherapy Many chemotherapies can cause delirium: ifosfamide, methotrexate, 5-fluoruracil, asparaginase,
cis-platinum, vincristine, procarbazine, among others

Radiation therapy Acute or early-delayed neurotoxicity (headache, confusion, decrease of attention, hypersomnia),
late-delayed neurotoxicityb (dementia)

Surgery Transient postoperative delirium

Drugs Corticosteroids, opioids, sedatives

Notes:
a

These disorders frequently result in persistent cognitive deficits.
b

Includes radiation necrosis, progressive cerebral atrophy and hydrocephalus, which frequently evolve to dementia.
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of T2-weighted or fluid-attenuated inversion recov-
ery (FLAIR) magnetic resonance imaging (MRI)
abnormalities selectively involving the hippocampi,
and (5) the demonstration of [18F]-fluorodeoxyglu-
cose (FDG) positron emission tomography (PET)
hyperactivity selectively involving the medial aspect
of the temporal lobes in the absence of epileptic
activity (Fig. 25.3) (Ances et al., 2005; Kassubek
et al., 2001).

Associated cancer
Because PND usually develop at early stages of cancer,
the tumor (or its recurrence) may be difficult to
demonstrate. In most instances, the tumor is revealed
by computed tomography (CT) of the chest, abdomen
and pelvis. Whole-body FDG-PET is very useful
in demonstrating occult primary tumors or small
metastatic lesions, which may be more accessible for
biopsy than the primary neoplasm (Linke et al., 2004;
Younes-Mhenni et al., 2004). Despite the high sensi-
tivity of FDG-PET in demonstrating PND-associated
tumors, there are instances where the tumor escapes
detection by all tests, including PET (Dalmau et al.,
1999). In addition, FDG-PET may lead to false-positive
results. The interpretation of FDG-PET findings is
facilitated when the type of neurologic syndrome
and associated antibodies are considered; for example,
detection of FDG-PET hyperactivity in the colon
of a young man with anti-Ma2-associated limbic
encephalitis likely represents a false-positive finding
or an unrelated neoplasm (the usual neoplasm being
in the testis in 90% of patients) (Voltz et al., 1999).

In addition to radiologic or metabolic imaging,
serum cancer markers such as carcinoembryonic anti-
gen, Ca-125, CA-15.3, or prostate-specific antigen
(PSA) are helpful. If no tumor is detected, close onco-
logic surveillance should be undertaken in patients

with a typical PND (i.e. limbic encephalitis) with or
without paraneoplastic antibodies, and in patients
with any neurologic disorder associated with para-
neoplastic antibodies. A common practice is cancer
screening every 6 months for at least 5 years; in 90%
of patients, the tumor is demonstrated within the first
year of PND symptom presentation (Graus et al.,
2004; Younes-Mhenni et al., 2004). Patients whose
cancer is in remission and who develop PND should
be examined for tumor recurrence.

Paraneoplastic antibodies
The term “paraneoplastic antibodies” is applied to
antibodies that serve as markers of the paraneoplastic
origin of a neurological syndrome. Several concepts are
important when testing for paraneoplastic antibodies.
First, antibodies are present in approximately 60% of
patients with PND of the CNS; therefore, the absence
of antibodies does not rule out that a syndrome could
be paraneoplastic (Alamowitch et al., 1997). Second,
paraneoplastic antibodies may be identified (usually at
low titer) in the serum of a variable proportion of
patients with cancer but without PND (i.e. anti-Hu
and anti-CV2/CRMP5 in 20% and 10% of patients
with SCLC, respectively) (Graus et al., 1997; Bataller
et al., 2004). Third, detection of intrathecal synthesis of
antibodies is a strong indicator that the associated
neurological syndrome is paraneoplastic.

Based on the location of the antigen, the antibodies
associated with PND of memory and cognition can be
largely grouped in two categories: antibodies to intra-
neuronal antigens and antibodies to cell membrane anti-
gens, the latter including antibodies to VGKC and “novel
neuropil antibodies” such as theNMDAreceptor and the
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptor, among others (Ances et al., 2005;
Dalmau et al., 200 8; Lai et al., 2008). Thi s classi fication

Fig. 25.3. Paraneoplastic limbic encephalitis.
(A) Fluid-attenuated inversion recovery (FLAIR)
magnetic resonance in coronal section,
showing bilateral hyperintense signal
abnormalities (arrows) in the medial region of
the temporal lobes. (B) Fluorodeoxyglucose
(FDG) positron emission tomography of the
same patient showing an axial section at the
level of the hippocampi; note the intense FDG
hyperactivity indicated with the arrows.
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has implications for treatment and prognosis (as
discussed below).

Antibodies to intraneuronal antigens
Antibodies to intraneuronal antigens that are relevant
for syndromes of memory and cognition include
those for Hu, Ma2, CV2/CRMP5 and amphiphysin.
These four antigens and the corresponding antibodies
have been well characterized by different laboratories
and reported in large series of patients with PND.
Detection of any of these antibodies strongly supports
the diagnosis of PND even if no tumor is found at
initial evaluation (Graus et al., 2004). Some antibodies
are more syndrome specific than others; for example
anti-Ma2 antibodies almost always associate with
limbic or upper brainstem dysfunction (Dalmau et al.,
2004), while anti-Hu or anti-CV2/CRMP5 antibodies
associate with a much wider spectrum of symptoms
(Graus et al., 2001; Yu et al., 2001).

Antibodies to cell membrane antigens
Antibodies to cell membrane antigens, include VGKC
and novel neuropil antibodies. Antibodies to VGKC
immunohistochemically react with the neuropil of
hippocampus and cerebellum (Vincent et al., 2004).
In clinical practice, these antibodies are detected
by radioimmunoassay and are usually associated with
non-PLE, neuromyotonia and a syndrome that com-
bines peripheral nerve hyperexcitability, autonomic and
sleep disorders and cognitive dysfunction (Morvan's
syndrome). However, VGKC antibodies have also
been identified in patients with PLE; therefore, detec-
tion of these antibodies does not exclude the need
to search for a tumor. The tumors more frequently

involved are thymoma and, rarely, lung cancer (Liguori
et al., 2001; Pozo-Rosich et al., 2003).

In addition to VGKC antibodies, there is a large
and heterogeneous group of antibodies directed
against cell membrane antigens that are enriched
in the neuronal processes of the hippocampus and
cerebellum (Fig. 25.4) (Ances et al., 2005). These anti-
bodies, including those to the NMDA and AMPA
receptors and others not characterized, are difficult to
detect with conventional immunohistochemical or
immunoblot techniques and are usually demonstrated
with modified immunohistochemical techniques.
As experience of these is limited, it is unclear whether
similar antibodies may occur in patients with non-
paraneoplastic limbic encephalitis. The identity of
most antigens is unknown, but the patterns of anti-
body reactivity with the hippocampus is so character-
istic (Fig. 25.2) that their detection should prompt the
search for tumors of the thymus or ovarian teratoma,
and they predict neurologic response to treatment of
the tumor and IgG-depleting strategies (Ances et al.,
2005; Vitaliani et al., 2005).

Diagnostic criteria for paraneoplastic
disorders
The three sources of information discussed above
(type of neurologic syndrome, detection of cancer
and presence or absence of paraneoplastic antibodies)
have been used to define general guidelines for the
diagnosis of PND (Table 25.3) (Graus et al., 2004).
These criteria are also applicable to PND of the
memory and cognition taking in consideration that

Fig. 25.4. Immunolabeling of cell membrane
and processes of cultured hippocampal
neurons. (A) Immunolabeling of cultured
neurons with Kv1.2 antibodies (green) to
voltage-gated potassium channels and
immunolabeling produced by serum of a
patient with paraneoplastic limbic encephalitis
associated with carcinoma of the thymus
and a novel neuropil antibody (antigen
unknown; red). (B) Immunolabeling of a neuron
with antibodies from a patient with ovarian
teratoma and multifocal encephalitis (green);
the autoantigen is EFA6A, a protein that
interacts on the cell surface with members
of the “two-pore potassium channel” family.
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the antibodies to the neuropil and cell membrane
antigens, although pathogenically interesting, need fur-
ther validation to be considered as well-characterized
paraneoplastic antibodies. Disorders associated with
these antibodies, as occur with anti-VGKC antibodies,
should be considered as “possible PND” and be care-
fully evaluated for alternative non-cancer, related,
immune-mediated disorders.

Paraneoplastic limbic encephalitis
Paraneoplastic limbic encephalitis is characterized by
the rapid development of short-term memory deficits,
irritability, depression, sleep dysfunction, confusion,
seizures or hallucinations (Bakheit et al., 1990; Gulte-
kin et al., 2000). In general, the short-term memory
deficits are striking and dominate the clinical picture,
but they can be obscured by seizures or prominent
psychiatric symptoms, resulting in diagnostic delays.
One study of 50 patients found that 46% had an acute
confusional state, 14% cognitive decline and 42%
psychiatric symptoms (Gultekin et al., 2000). Another
study of 24 patients found that 92% had cognitive
dysfunction and 50% psychiatric symptoms (Lawn
et al., 2003). Although rigorous neuropsychological
evaluations were not provided in any of these studies,
there have been frequent case reports of patients with
severe cognitive decline and dementia (Corsellis et al.,
1968; Fujii et al., 2001). This is not surprising consider-
ing that PLE can be the presentation of a multifocal
encephalitis that may involve cerebral cortex and basal
ganglia among other areas of the neuraxis (encephalo-
myelitis) (Dalmau et al., 1992; Graus et al., 2001).

Seizures occur in approximately 60% of patients
with PLE. Temporal lobe or psychomotor seizures
(40%), generalized seizures (24%) or a combination
of seizure types (36%) were identified in a study of
50 patients (Gultekin et al., 2000). One of our patients
had orgasmic epilepsy as the presentation of PLE
(Fadul et al., 2005). Epilepsia partialis continua can
be the presentation of paraneoplastic multifocal cor-
tical encephalitis, which in some patients also involves
the medial temporal lobes, causing limbic dysfunction
(Shavit et al., 1999; Mut et al., 2005).

Although electroencephalography (EEG) has limited
specificity for PLE, it is useful in assessing whether the
changes in the level of consciousness or behavior are
related to temporal lobe seizures or non-convulsive
status epilepticus. In the study of Gultekin et al.
(2000), 45% of the patients had epileptic activity; a more
recent study by Lawn et al. (2003) demonstrated focal or
generalized slowing with or without epileptic activity,
maximal in the temporal lobes, in all patients studied.

Brain MRI usually shows uni- or bilateral FLAIR
and T2-weighted medial temporal lobe hyperintensi-
ties that infrequently enhance with contrast. As the
disorder evolves, repeat MRI studies usually show
progressive loss of volume of the hippocampal gyri,
with persistence of T2-weighted and FLAIR abnor-
malities, and decreased enhancement (Fig. 25.5) (Dirr
et al., 1990; Lawn et al., 2003). In patients without
seizures and a normal MRI, the FDG-PET may help
to demonstrate temporal lobe hyperactivity, likely
caused by focal inflammatory infiltrates (Fig. 25.3)
(Scheid et al., 2004). A recent study showed that brain
MRI and FDG-PET complemented each other in

Table 25.3. Diagnostic criteria for paraneoplastic neurological syndromes

Criteria

Definite 1. A classical syndromea and cancer

2. A non-classical syndrome that resolves or significantly improves after cancer treatment

3. A non-classical syndrome with paraneoplastic antibodies (well characterized or not)b and cancer

4. A neurologic syndrome (classical or not) with well-characterized antibodies, and no detected cancer

Possible 1. A classical syndrome, no paraneoplastic antibodies and no cancer, but at high risk to have an underlying tumor

2. A neurologic syndrome (classical or not) with partially characterized paraneoplastic antibodies and no detected cancer

3. A non-classical syndrome with cancer, but without paraneoplastic antibodies

Notes:
PND, paraneoplastic disorder.
aThe two classical PND syndromes of memory and cognition are limbic encephalitis in adults and opsoclonus–myoclonus in children.
bWell-characterized PND antibodies include those to the antigens Hu, CV2/CRMP5, amphiphysin and Ma2. Other well-characterized PND
antibodies (anti-Yo, anti-Ri) infrequently associate with PND with dominant memory and cognitive dysfunction (Yo), or are extremely
infrequent (Ri).
Source: Reproduced from Graus et al. (2004) with permission of the BMJ Publishing Group.
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demonstrating temporal lobe abnormalities, and in
some cases the PET findings correlated with the
neurologic symptoms (Ances et al., 2005). Despite
the sensitivity of these techniques, there were patients
whose MRI and FDG-PET scans were normal.

The CSF is abnormal in 80% of patients with PLE.
It typically shows moderate lymphocytic pleocytosis
(white blood cells: < 200 cells/ml), increased protein
concentration (often < 2 g/l), elevated IgG index or
oligoclonal bands.

The pathological substrate of PLE is an inflammatory
infiltrate of mononuclear cells, which predominantly
involves the medial temporal lobes, amygdala, cingulum
and orbitofrontal regions (Fig. 25.1) (Corsellis et al.,
1968; Bakheit et al., 1990). Although the clinical and
radiological features may suggest a disorder restricted
to the limbic system, the inflammatory infiltrates are
rarely confined to this system (Gultekin et al., 2000).
These infiltrates are composed of B cells and CD4

T cells in a perivascular distribution, and CD4 and
CD8 T cells forming neuronophagic nodules. As a
result, there is neuronal loss, reactive gliosis and
microglial proliferation. Although these findings are
not specific for paraneoplastic disease, they are
common to all PLE associated with antibodies to intra-
cellular antigens (Voltz et al., 1999; Bernal et al., 2002;
Muehlschlegel et al., 2005).

In general, the diagnosis of PLE is suggested by
the clinical picture along with the EEG, CSF and
neuroimaging findings (Gultekin et al., 2000; Lawn
et al., 2003). However, none of these allows a defini-
tive identification of the paraneoplastic etiology of the
disorder, and the differential diagnosis is extensive
(Table 25.4) (Scheid et al., 2005; Stubgen 1998). These
limitations emphasize the importance of testing for
paraneoplastic antibodies, which are found in the
serum or CSF of 60–70% of patients with PLE. There
are several antibodies that associate with a similar

Paraneoplastic limbic encephalitis(A)

(B) Non-paraneoplastic limbic encephalitis

Fig. 25.5. Comparative outcome assessed by Fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging in a patient with
paraneoplastic limbic encephalitis (PLE) and a patient with non-paraneoplastic limbic encephalitis. (A) FLAIR sequences obtained over
14 months in a patient with PLE associated with carcinoma of the thyroid gland and with a paraneoplastic antibody against intracellular
onconeuronal antigens. (B) FLAIR sequences obtained over 16 months in a patient with non-PLE and Sjögren's syndrome. The patient with PLE
(A) had progressive neurologic deterioration, with severe memory deficits and brainstem and cerebellar dysfunction, which eventually caused
his death. The patient with Sjögren's syndrome (B) had remarkable recovery of his memory deficits despite persistence of the FLAIR MRI
abnormalities. Note the progressive atrophy developing in the hippocampi (arrows) of the patient with PLE (A) compared with no significant
atrophic changes in the patient in (B).
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PLE phenotype, but the accompanying neurologic
symptoms and specific underlying tumors define
different clinical-immunological profiles.

Anti-Hu. This is the antibody more frequently
associated with PLE in patients with small cell
lung cancer (SCLC) (Fig. 25.2A) (Alamowitch
et al., 1997). Patients often have progression
of symptoms outside the limbic system,
including brainstem, cerebellum, dorsal root
ganglia or autonomic nerves (paraneoplastic
encephalomyelitis). In three clinically based
series of patients with anti-Hu-associated
encephalomyelitis, comprising 344 patients,
approximately 20% presented with dominant

or isolated symptoms of limbic dysfunction
(Dalmau et al., 1992; Graus et al., 2001; Sillevis
et al., 2002). When patients with SCLC
develop pure or isolated PLE, only 50% harbor
anti-Hu antibodies; these patients are less
likely to improve than those without
antibodies (Alamowitch et al., 1997). Some of
the patients without anti-Hu antibodies that
improve with immunotherapy harbor anti-
VGKC antibodies (Pozo-Rosich et al., 2003).

Anti-CV2 or anti-CRMP5. This antibody can occur
in patients with PLE associated with SCLC,
thymoma or, less frequently, other tumors
(Antoine et al., 2001). In patients with SCLC,

Table 25.4. Differential diagnosis of limbic encephalopathy

Disorder Distinctive features or tests

Disorders that selectively involve the limbic system

Herpes simplex (HSV) encephalitis HSV DNA in CSF (sensitivity 94%, specificity 98%)

Paraneoplastic limbic encephalitis Paraneoplastic antibodies detectable in serum and CSF of 60% of the
patients (see subtypes of paraneoplastic immunities in Table 25.1)

Autoimmune non-paraneoplastic limbic encephalitis VGKC (may also occur as paraneoplastic manifestation of thymoma, SCLC)

Disorders that predominantly involve the limbic system

Neurodegenerative disorders (Alzheimer's disease,
frontotemporal dementia, mild cognitive impairment)

Amnestic syndrome may predominate at early stages

Severe hypoxia History of cardiac arrest, carbon monoxide poisoning or drug overdose

Transient global amnesia Bitemporal hypoperfusion as shown by SPECT or abnormal
diffusion-weighted MRI

Temporal lobe seizures Abnormal FLAIR and diffusion-weighted MRI in temporal lobes following
status epilepticus; hippocampal atrophy in mesial temporal sclerosis

Endocrine dysfunction (Cushing's disease, corticosteroid
treatment, post-traumatic stress disorder)

Decreased hippocampal volume may be found in chronic hypercortisolism

Vitamin deficits Wernicke–Korsakoff's encephalopathy (deficit of B1): poor nutrition,
consumption by tumor (i.e. leukemia)

Disorders that may involve the limbic system

Head trauma Contusion affecting inferomedial or anterior temporal lobes
(“contrecoup” lesion)

Encephalitis associated with systemic autoimmune
disorders:

Lupus erythematosus Anti-ribosomal-P antibodies

Hashimoto's encephalitis Antibodies to thyroperoxidase/thyroglobulin

Sjögren's syndrome SS-A, SS-B antibodies; salivary gland biopsy

Infections Human herpes virus 6 (usually after stem cell transplantation), neurosyphilis

Tumors (gliomatosis cerebri) Diagnostic brain biopsy

Stroke with bilateral posterior cerebral artery involvement Amnestic syndrome often coexists with cortical blindness, prosopagnosia,
apraxia of ocular movements, and other

Notes:
CSF, cerebrospinal fluid; VGKC, voltage-gated potassium channel; SCLC, small cell lung cancer; MRI, magnetic resonance imaging;
SPECT, single-photon emission computed tomography; FLAIR, fluid-attenuated inversion recovery
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anti-CV2 or anti-CRMP5 may occur in
association with anti-Hu. The repertoire of
syndromes associated with antibodies to CV2
is ample and includes encephalomyelopathy,
axonal sensorimotor neuropathy and, more
distinctively chorea, uveitis and optic neuritis
(Antoine et al., 1993; Yu et al., 2001; Vernino
et al., 2002). For this reason, the MRI studies
of patients with anti-CV2 antibodies may
show typical PLE abnormalities involving the
medial temporal lobes combined with FLAIR
and T2-weighted abnormalities in other areas
of the CNS; those with chorea frequently show
hyperintensities in the striatum and caudate
(see paraneoplastic striatal encephalitis). The
involvement of frontostriatal and basal ganglia
circuitry may result in personality change,
obsessive–compulsive behavior and cognitive
deficits (Muehlschlegel et al., 2005).

Other paraneoplastic antibodies. There have
been infrequent reports of other antibodies
in association with PLE including anti-Ri in
a patient with carcinoid tumor (Harloff et al.,
2005), anti-amphiphysin in patients with SCLC
(Dorresteijn et al., 2002) and several
non-characterized antibodies in patients with
tumors of the thymus (D'Avino et al., 2001;
Fujii et al., 2001). Amphiphysin, which is an
autoantigen of paraneoplastic stiff-person
syndrome and encephalomyelitis, is the most
common of these unusual immunological
associations. A patient with SCLC and anti-
amphiphysin antibodies who presented with
memory deficits and a Mini-Mental State
Examination of 23/30 had significant
neurological improvement after successful
treatment of the tumor (Dorresteijn et al., 2002).

Limbic encephalitis associated
with anti-VGKC antibodies
Antibodies to VGKCs usually associate with non-
paraneoplastic limbic encephalitis (Thieben et al., 2004;
Vincent et al., 2004). The neuropsychological profile of
these patients is characterized by marked, generalized
memory deficits, although intellectual impairment and a
dysexecutive syndrome can occur. Frequent clinical
accompaniments include insomnia and hyponatremia.
Imaging usually shows uni- or bilateral medial temporal
lobe FLAIR or T2-weighted MRI hyperintensities that
rarely enhance with contrast. As previously indicated,

detection of anti-VGKC antibodies should not preclude
a cancer search (Buckley et al., 2001; Liguori et al., 2001;
Pozo-Rosich et al., 2003).

Patients with anti-VGKC antibodies are less likely
to have CSF pleocytosis and intrathecal synthesis of
IgG than those with other paraneoplastic immunities
(Ances et al., 2005). Anti-VGKC antibodies also occur
in patients with Morvan's syndrome (Liguori et al.,
2001). Although 70–80% of patients with anti-VGKC
associated disorders respond clinically and radiologi-
cally to corticosteroids, intravenous IgG or plasma
exchange (Thieben et al., 2004; Vincent et al., 2004),
rapid development of hyponatremia and severe
seizures may be life threatening. One of our patients
developed non-convulsive status epilepticus associ-
ated with a precipitous decrease in serum sodium
from 122 to 110mEq/l over a 24 hour period. The
patient recovered from the hyponatremia and seizures
but remains with severe impairment of memory and
executive functions 3 years after presentation.

Paraneoplastic encephalitis of the
limbic system, diencephalon and
brainstem (Ma2 encephalitis)
Patients with Ma2 encephalitis develop symptoms
of limbic encephalitis usually combined with hypo-
thalamic and upper brainstem dysfunction (Rosenfeld
et al., 2001; Dalmau et al., 2004). In a study of
38 patients, 34 (89%) presented with isolated or com-
bined symptoms of limbic, diencephalic or brainstem
dysfunction, and four with other syndromes. When
considering the clinical andMRI follow-up, 95% of the
patients developed limbic, diencephalic or brainstem
encephalopathy. Figure 25.6 shows the distribution
of syndromes in these patients. In a few instances,
the initial symptoms resembled a pure psychiatric
disorder, including obsessive–compulsive behavior,
loss of self-confidence or an unexplained sense of fear
(Scheid et al., 2003; Dalmau et al., 2004).

The hypothalamic involvement can result in endo-
crine deficits, excessive daytime sleepiness, diaphoresis,
hyperthermia and narcolepsy–cataplexy, with low or
undetectable CSF hypocretin levels (Overeem et al.,
2004). The upper brainstem dysfunction results in
vertical ophthalmoparesis, but as the disorder pro-
gresses horizontal gaze and lower cranial nerves can
be involved, along with cerebellar ataxia, nystagmus or,
less frequently, opsoclonus.

Some patients develop severe hypokinesia, rigidity,
hypophonia and a tendency to continuous eye closure
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without evidence of ptosis; despite the appearance of
extreme drowsiness and minimal verbal output, they
have relative preservation of comprehension and of
the ability to follow simple commands (Dalmau et al.,
2004). Three patients became extremely hypokinetic;
they stopped speaking and eating but were able to
respond “thumbs up or down” with good accuracy
when answering autobiographic questions.

The frequency and type of CSF inflammatory
abnormalities are similar to other PND of the CNS,
but patients with Ma2 encephalitis have MRI abnor-
malities than predominate in the medial temporal
lobes, hypothalamus, thalamus, basal ganglia and
upper brainstem (superior colliculi and periaqueductal
region). Contrast enhancement of the lesions occurs
more frequently (38% of patients) than in other PND
(Fig. 25.7) (Rosenfeld et al., 2001; Dalmau et al., 2004).

In young male patients (< 45 years), the primary
tumor is usually in the testis (Voltz et al., 1999); in
other patients the repertoire of tumors is varied, but
the leading neoplasm is non-small-cell lung cancer.
We have encountered four young patients whose
testicular tumors initially escaped detection despite
comprehensive evaluation, including testicular ultra-
sound and FDG-PET obtained in two (Dalmau et al.,
1999). Because of the rapid neurologic deterioration,
detection of anti-Ma2 antibodies and development
of subtle changes in serial ultrasound studies, they
underwent orchiectomy; all four had microscopic
carcinoma in situ of the testis.

All patients with Ma2 encephalitis harbor anti-
Ma2 antibodies in serum or CSF; 40% have additional
antibodies to Ma1. These patients are more likely to
have tumors other than testicular cancer, develop ataxia
and have a worse prognosis (Dalmau et al., 2004).

The diagnosis of Ma2 encephalitis is often delayed.
In 20% of patients, a diagnosis of Whipple's disease
was initially considered and 16% had undergone
duodenal biopsy, which in all instances was normal
(data not published). Prompt recognition of Ma2
encephalitis is important because it differs from most
PND associated with antineuronal antibodies (i.e. Hu,
CV2/CRMP5) in that a significant number of patients
with anti-Ma2 antibodies respond to treatment of the
tumor and immunotherapy (corticosteroids, intra-
venous IgG, or plasma exchange). In our study of
38 patients, 33% had neurologic improvement (four
patients with complete recovery), 21% long-term
stabilization (median follow-up 3.5 years) and 46%
deteriorated. Features associated with improvement
included male gender, underlying testicular germ-cell
tumors with complete response to treatment, absence
of anti-Ma1 antibodies and limited involvement of
the nervous system.

Paraneoplastic striatal encephalitis
Paraneoplastic mechanisms may result in hyperkinetic
syndromes, such as chorea and hemi- or biballismus.
Approximately 26 patients have been reported with
these disorders (Batchelor et al., 1998; Croteau et al.,
2001; Vernino et al., 2002; Samii et al., 2003), and
approximately 50% had accompanying symptoms
of PLE and diverse cognitive deficits, ranging from
mild decrease of attention and constructional apraxia
to severe obsessive–compulsive behavior and frank
dementia (Nuti et al., 2000; Tani et al., 2000; Muehls-
chlegel et al., 2005). At early stages of the disorder,
MRI shows involvement of the caudate and anterior
putamen, and less frequently the pallidum. The MRI
can be normal, particularly when obtained several
months after symptom development (Vernino et al.,
2002). The tumors more frequently involved are SCLC
(68%), followed by lymphoma and renal cancer. The
paraneoplastic antibodies more frequently detected are
to CV2/CRMP5, frequently in association with anti-Hu.

The association of chorea with cognitive and
psychiatric changes may suggest the diagnosis of
Huntington's disease, Wilson's disease or vasculitis of
the CNS. Patients with paraneoplastic chorea can
improve with treatment of the tumor and symptomatic

Limbic
7

1

10

Brainstem
5

1

Diencephalic
1

9

Fig. 25.6. Distribution of predominant syndromes in 34 patients
with anti-Ma2 encephalitis. Twenty-one patients developed
symptoms of multifocal involvement of the limbic system,
diencephalon or brainstem. Thirteen patients developed unifocal
involvement of these areas. (reproduced from Brain, [Dalmau et al.,
2004] with permission from Oxford University Press # 2004
Guarantors of Brain.)
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medication (haloperidol, risperidone) (Vernino et al.,
2002), but the cognitive dysfunction is less responsive
to treatment (Nuti et al., 2000).

Paraneoplastic temporal lobe
encephalitis with neuropil antibodies
Some patients with encephalitis predominantly
involving the temporal lobes harbor serum or CSF
antibodies to antigens expressed in the cell membrane
of neurons and dendritic processes of the neuropil

of the hippocampus (Ances et al., 2005). There is a
common clinical phenotype to all these disorders,
which includes dominant behavioral and psychiatric
symptoms (often obscuring the short-term memory
deficits), seizures and brain MRI abnormalities that
are less frequently restricted to the hippocampus than
in classical PLE. Studies with FDG-PET may reveal
multifocal FDG hyperactivity involving frontotem-
poral lobes, brainstem or cerebellum. Combining
MRI and FDG-PET studies, the temporal lobes are
preferentially affected. Patients are more likely to have

(A)

(C) (D)

(B)

Fig. 25.7. Magnetic resonance imaging of patients with anti-Ma2 encephalitis. (A) Fluid-attenuated inversion recovery (FLAIR) sequence
from a patient with testicular germ cell tumor and isolated temporal lobe seizures. Note the presence of asymmetric abnormalities in the
temporal lobes; the cerebrospinal fluid was positive for oligoclonal bands and anti-Ma2 antibodies. (B,C) FLAIR sequences from a patient with
severe hypokinetic syndrome, non-paretic eye closure and reduced verbal output, showing abnormalities in the mesial temporal lobes and
dorsal mesencephalon (B), and medial thalami (C). (D) This T1-weighted image of a patient with non-small cell lung cancer and anti-Ma2
encephalitis shows nodular areas of contrast enhancement in the right temporal lobe, thalamic, subthalamic and collicular regions. Biopsy
of one of the lesions demonstrated perivascular and interstitial infiltrates of mononuclear cells and plasma cells. (Reproduced from Brain
[Dalmau et al. 2004] with permission from Oxford University Press # 2004 Guarantors of Brain.)
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CSF inflammatory findings and underlying tumors
(thymoma, teratoma) than those with anti-VGKC
antibodies, and they do not develop hyponatremia
(Ances et al., 2005).

Preliminary characterization of the autoantigens
indicated that these are diverse and more concen-
trated in the hippocampus than the VGKC. Some
autoantigens partially colocalized with synaptophysin
and spinophilin, suggesting an immune-mediated
pathology of hippocampal dendrites, similarly to that
reported in some patients with schizophrenia and
mood disorders (Lawn et al., 2003).

In contrast to patients with paraneoplastic anti-
bodies to intracellular antigens, the encephalitis of
patients with any of these collectively termed neuropil
antibodies improves with immunotherapy and, if
present, treatment of the associated tumor. This
improvement often associates with improvement of
MRI and FDG-PET abnormalities and a decrease of
antibody titers (Ances et al., 2005).

Encephalitis of patients with ovarian
teratoma and neuropil antibodies
Attempts to characterize each neuropil autoantigen
and corresponding subsyndrome resulted in the iden-
tification of a specific immune-mediated phenotype
in four patients with ovarian teratoma (Vitaliani et al.,
2005). These patients presented with subacute psychi-
atric symptoms, short-term memory deficits, seizures,
rapid decrease of level of consciousness and frequent
central hypoventilation (Muni et al., 2004; Stein-
Wexler et al., 2005). Because of the type of symptoms
and because the disorder affects young women with
an occult (sometimes benign) ovarian teratoma, the
differential diagnosis often includes acute psychosis,
malingering or drug abuse. A similar encephalitic
syndrome has been reported in five other patients
with ovarian teratoma (Nokura et al., 1997; Okamura
et al., 1997; Aydiner et al., 1998; Lee et al., 2003;
Fadare and Hart 2004).

Serum or CSF from these patients showed immu-
nolabeling of antigens that were expressed at the
cytoplasmic membrane of hippocampal neurons and
processes, and which were readily accessed by antibodies
in live neurons. Immunoprecipitation studies demon-
strated that the target antigen is the NMDA receptor
and that the main epitope region is contained in the
extracellular domain of NR1 (Dalmau et al. , 2008).

A series of 100 patients with anti-NMDA receptor
encephalitis demonstrated that only 60% had tumors

(usually teratomas of the ovary). The same study
showed that men and children can also be affected
by the same neurological syndrome. Despite the
severity of the clinical features, 75% of the patients
had substantial improvement after immunotherapy
and, when appropriate, tumor removal. The clinical
improvement is usually slow and may take several
month s until full recov ery (Vit aliani et al. , 2005 ;
Dalmau et al. , 2008).

Paraneoplastic syndromes of children
with neural crest tumors
Opsoclonus–myoclonus–ataxia
Approximately 50% of children with opsoclonus–
myoclonus–ataxia have an underlying neuroblas-
toma. The disorder usually affects infants younger
than 4 years of age (median, 18 months) and associ-
ates with hypotonia and behavioral and psychomotor
abnormalities (Russo et al., 1997). The ocular move-
ment disorder and myoclonus inconsistently respond
to treatment of the tumor (chemotherapy), steroids,
adrenocorticotropic hormone, plasma exchange or
intravenous IgG (Mitchell and Snodgrass 1990;
Hammer et al., 1995; Russo et al., 1997; Yiu et al.,
2001). The positive effects of immunotherapy and the
frequent detection of antibodies against the CNS sug-
gest an immune-mediated pathogenesis, but the spe-
cific autoantigens remain to be identified.

More than 70% of patients are left with behavioral
abnormalities or psychomotor retardation (Koh et al.,
1994; Russo et al., 1997). A recent study of 17 children
with opsoclonus–myoclonus–ataxia showed that all
patients had delayed or abnormal cognitive develop-
ment and adaptive behavior (Mitchell et al., 2002).
Speech intelligibility and output and motor abilities
were frequently affected. At the early stage of the
disorder, all patients had severe irritability and incon-
solability, and at the later stage oppositional behavior
and sleep disorders were common. The long-term
outcome of cognitive functions did not differ with
the type of treatment or with the initial response of
the opsoclonus and fine motor and speech functions
to intravenous IgG (Mitchell et al., 2002). Late cerebel-
lar atrophy appears to be a common finding regardless
of the neurologic outcome (Hayward et al., 2001).

Hypothalamic syndrome
There are a few reports of children with neural
crest tumors who developed dominant hypothalamic
dysfunction characterized by personality change and
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abnormal affect, hyperphagia, adipsia–hypernatremia,
hypersomnia, reversal of sleep–wake cycle, abnormal
thermoregulation, seizures and endocrine dysfunction
(Nunn et al., 1997). Similar to the encephalitic syn-
drome associated with ovarian teratoma (see above),
children with this disorder frequently develop central
hypoventilation.

Sirvent et al. (2003) reported two patients and
reviewed five previous ones with neural crest tumors
and a hypothalamic syndrome, all of whom developed
central hypoventilation. Autopsy studies may show
no pathology, or extensive lymphocytic infiltration
of the hypothalamus and brainstem (North et al.,
1994; Nunn et al., 1997). No paraneoplastic antibodies
have been identified. Treatment should focus on
removing the tumor and controlling the hypothalamic–
endocrine deficits, along with a restrictive diet and
regular exercise. Behavioral and psychomotor abnor-
malities usually do not respond to therapy.

General approach to treatment
There is no standard of care for PND. Experience
from series of patients indicate that treatment of the
tumor is critical to improve or stabilize the neurologic
syndrome (Keime-Guibert et al., 1999; Dalmau et al.,
2004), immunotherapy may contribute to neurologic
improvement or symptom stabilization if started at
early stages of the PND (Bataller et al., 2001; Vernino
et al., 2004) and immunotherapy does not appear to
favor tumor growth (Keime-Guibert et al., 1999).

One study has suggested that the type of auto-
antigen and its location in the neuron provides a clue
for developing the treatment strategy and predicting
outcome (Table 25.5) (Ances et al., 2005). In general,
patients with PND associated with antibodies to cyto-
plasmic or nuclear antigens (i.e. Hu, CV2/CRMP5,
amphiphysin, Ma2) have extensive infiltrates of T-cells
in the involved brain regions, with activated cytotoxic
T-cells causing cell killing via granzyme or perforin
(Bernal et al., 2002). Therefore, in these patients, the
immunotherapeutic strategies should focus on the
cytotoxic T-cell response (reviewed by Bataller and
Dalmau [2004]). Except for a subgroup of patients
with anti-Ma2 antibodies (Dalmau et al., 2004), the
neurologic and oncologic outcomes of these PND
are poor.

In contrast, most paraneoplastic encephalitides
associated with antibodies to antigens expressed on
the cell membrane (i.e. VGKC and novel neuropil
antigens) respond better to IgG-depleting strategies

(corticosteroids, plasma exchange, intravenous IgG)
and have a better neurologic outcome (Thieben et al.,
2004; Vincent et al., 2004; Ances et al., 2005; Vitaliani
et al. , 2005 ; Dalmau et al., 2008; Lai et al., 2008). This,
and the fact that the antibody titers decrease in paral-
lel with the clinical improvement, suggest a direct
pathogenic role of the antibodies.
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