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Neurodegenerative diseases are a common cause of morbidity and cognitive impairment in
older adults. Most clinicians who care for the elderly are not trained to diagnose these
conditions, perhaps other than typical Alzheimer’s disease (AD). Each of these disorders
has varied epidemiology, clinical symptomatology, laboratory and neuroimaging features,
neuropathology, andmanagement. Thus, it is important that clinicians be able to differentiate
and diagnose these conditions accurately. This review summarizes and highlights clinical
aspects of several of themost commonlyencountered neurodegenerative diseases, including
AD, frontotemporal dementia (FTD) and its variants, progressive supranuclear palsy (PSP),
corticobasal degeneration (CBD), Parkinson’s disease (PD), dementia with Lewy bodies
(DLB), multiple system atrophy (MSA), and Huntington’s disease (HD). For each condition,
we provide a brief overview of the epidemiology, defining clinical symptoms and diagnostic
criteria, relevant imaging and laboratory features, genetics, pathology, treatments, and dif-
ferential diagnosis.

N
eurodegenerative disease (ND) is a com-

mon and growing cause of mortality and
morbidity worldwide, particularly in the elder-

ly. The individual neurodegenerative disorders

are heterogeneous in their clinical presentations
and underlying physiology, although they often

have overlapping features. Diagnostic accuracy

is critical, as it allows for more reliable prognos-
tication and often guides specific treatment and

management. In this review, we provide a

brief overview of several of the most common
neurodegenerative diseases—particularly those

associated with cognitive impairment—and

discuss their clinical features and diagnosis, ep-
idemiology, imaging results, genetics, relevant

laboratory tests, differential diagnosis, and

treatments. This review is not meant to provide
an exhaustive overview of each diagnosis but

rather to provide a basic background and

stimulate further exploration. Many of the neu-
rodegenerative diseases discussed here share

clinical features with conditions traditionally

categorized as prion diseases and often are con-
sidered in the differential diagnosis of prion

diseases. Traditional prion diseases, such as

sporadic Creutzfeldt–Jakob disease (sCJD), ac-
quired forms of CJD, and genetic prion diseases,

are discussed elsewhere in this collection. As is

also discussed elsewhere in this collection, there
is now increasing evidence that several neuro-
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degenerative diseases behave in a “prion-like”

manner and share similar pathophysiological
mechanisms (Prusiner 2013; Watts et al. 2013;

Walker and Jucker 2015).

ALZHEIMER’S DEMENTIA AND
ALZHEIMER’S DISEASE

Although Alzheimer’s disease (AD) is often the

term used to describe both the clinical syn-
drome and the pathological entity, some in

the field prefer to use Alzheimer’s dementia to

describe the clinical syndrome that is associated
with a specific neuropathological process de-

fined by two hallmark features: namely, the

accumulation of extracellular neuritic plaques
composed primarily of 42-amino-acid amy-

loid-beta (Ab1242), a cleavage product of the

amyloid precursor protein (APP), and intracel-
lular collections of neurofibrillary tangles com-

posed of hyperphosphorylated species of

microtubule-associated protein tau (MAPT).
Thus, AD often is the name given to the path-

ological entity, and Alzheimer’s dementia is a

term typically used to describe the clinical phe-
notype. For this review, we will use the term AD

for both the clinical and pathological entities.

The clinical phenotypes of AD are strikingly
heterogeneous and reflect the variable neuroan-

atomical distribution of pathology and its effect
on neural network functioning.

Epidemiology

AD is the most common form of dementia
worldwide and makes up 60%–80% of all de-

mentia cases, affecting an estimated 24 million

people globally (Reitz et al. 2011; Mayeux and
Stern 2012; Sosa-Ortiz et al. 2012). Although it

can occur in younger persons, it is primarily a

disease of the elderly. The prevalence of AD in-
creases markedly with advancing age, with a

greater than 15-fold increase reported between

the ages of 65 and 85 (Evans et al. 1989; Mayeux
and Stern 2012). One community-based U.S.

study suggested that the prevalence is as high

as 50% in people older than age 85 (Evans
et al. 1989), although a European study estimat-

ed a lower prevalence of 22% at age 90 (Lobo

et al. 2000). Although these reported distinc-

tions may result from methodological differ-
ences (Corrada et al. 1995), there does appear

to be global variation in the burden of disease

(Sosa-Ortiz et al. 2012). The incidence rate also
increases with age (Jorm and Jolley 1998;

Mayeux and Stern 2012), and yearly risk ranges

from 0.5% in individuals between the ages of 65
and 69 to 6% in those older than 85; AD occurs

rarely before the age of 65, and these cases are

considered “early-onset” AD. The incidence
rate of AD doubles every 5 years (Brookmeyer

et al. 1998; Mayeux and Stern 2012). There is

recent evidence, however, that the incidence
rates of dementia may be flattening or declining

(Rocca et al. 2011; Schrijvers et al. 2012). More

women have AD (Alzheimer’s Association
2016), and the detrimental effect of the ApoE

e4 gene on the risk of developing AD appears to

be higher in women (Farrer et al. 1997).
There are a number of additional risk fac-

tors associated with an increased risk of devel-

opingAD, including the presence of theApoE e4
allele, cerebrovascular disease (approximately

twofold), hyperlipidemia, smoking, diabetes

(approximately twofold), obesity (1.6-fold),
and traumatic brain injury. Protective factors in-

clude a higher cognitive reserve, consumption of

a Mediterranean diet, and regular exercise. This
is reviewed elsewhere (Mayeux and Stern 2012).

The majority of AD cases present with the

typical, primarily amnestic form, whereas up to
15% of cases are considered atypical, presenting

with early or prominent visual, frontal, motor,

or other symptoms (Galton et al. 2000).

Clinical Symptoms and Diagnosis

Typical AD (also referred to as amnestic or lim-

bic form) is characterized by the insidious onset

and gradual progression of memory loss in
associationwith other cognitive domains (often

visuospatial and executive function) that leads

to a loss of functional independence. The
amnesia seen in typical AD primarily affects

declarative episodic memory—autobiographi-

cal memories that are associated with specific
events, times, places, and emotions—and is

usually most evident for recent memories early
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in the disease course. This pattern of memory

loss reflects dysfunction of mesial temporal
structures and manifests in numerous ways.

Individuals may misplace objects, repeat con-

versations or questions, or have difficulty
keeping track of dates and appointments. Cli-

nicians can formally assess memory by asking

patients to recall and recognize a list of words
or objects or to retell a brief story that is told

to them. Other types of memory (e.g., proce-

dural memory) that are processed outside of
the hippocampal/parahippocampal structures

are usually spared in AD (Markowitsch and

Staniloiu 2012).
The original diagnostic criteria from theNa-

tional Institute of Neurological and Communi-

cative Disorders and Stroke and Alzheimer’s
Disease and Related Disorders Association

(NINCDS-ADRDA) required the presence of

amnestic symptoms for diagnosis (McKhann
et al. 2011a). Because of the relatively low sen-

sitivity and specificity of these original criteria

(≏70% for each parameter) when compared
with underlying pathology, and the increasing

recognition of nonamnestic “atypical” presen-

tations of AD, the criteria were revised in 2011
to include a broader range of clinical pheno-

types. See Box 1 for diagnostic criteria (Mc-

Khann et al. 2011a).

Atypical clinical presentations of AD in-

clude variants that reflect dysfunction outside
the mesial temporal areas—namely, in the

posterior parieto-occipital, frontal, motor, and

language areas (Lee et al. 2011; Dubois et al.
2014; Sha and Rabinovici 2016). The posterior-

predominant syndromes (including posterior

cortical atrophy or PCA) include an occipito-
temporal variant with visuoperceptive deficits

(e.g., face, object, word recognition) and a bi-

parietal variant with visuospatial deficits (e.g.,
Gerstmann or Balint syndrome, apraxia)

(McMonagle et al. 2006; Alladi et al. 2007).

The frontal variant presents with behavioral
changes (e.g., apathy, disinhibition) and/or a
dysexecutive cognitive profile (Ossenkoppele

et al. 2015b). The language variant, often called
the logopenic variant of primary progressive

aphasia (lvPPA), presents primarily with

word-retrieval difficulties and impaired sen-
tence repetition with sparing of semantic

knowledge and motor speech programs (Gor-

no-Tempini et al. 2011). AD also can present as
corticobasal syndrome (CBS); in fact, about a

quarter of the CBS cohort at our research center

(UCSF Memory and Aging Center) have pa-
thology-proven AD at autopsy (Lee et al. 2011).

There are multiple formal diagnostic crite-

ria for AD (McKhann et al. 2011a; Dubois et al.

BOX 1. Clinical diagnostic criteria for Alzheimer’s disease (AD) (McKhann et al. 2011b)

I. Probable AD dementia (core clinical criteria)

1. Meets criteria for dementia and has the following characteristics:

A. Insidious onset over months to years

B. Clear-cut history of worsening cognition by report or observation

C. Initial and most prominent cognitive deficits on history and examination are one of the fol-
lowing:
i. Amnestic presentation: Impairment in learning and recall, deficits in other cognitive

domains should be present

ii. Nonamnestic presentation
1. Language presentation: Word-finding deficits, deficits in other domains should be

present

2. Visuospatial presentation: Spatial cognition-object agnosia, facial recognition, simul-
tagnosia and alexia, deficits in other domains should be present

Continued
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3. Executive dysfunction: Impaired reasoning, judgment and problem solving, deficits in
other domains should be present

D. There is no evidence of (a) cerebrovascular disease temporarily related to the onset of cognitive
symptoms or presence of extensive infarcts or severe white matter hyperintensity burden, (b)
core features of DLB other than dementia itself, (c) prominent features of bvFTD, (d) prominent
features of semantic or nonfluent/agrammatic PPA, or (e) other active neurological disease,
medical comorbidity, or use of medications with effects on cognition.

II. Probable AD dementia with documented decline

1. Meets core clinical criteria, and

2. Has evidence of decline on subsequent evaluation based on informants and cognitive testing
(formal neuropsychological evaluation or standardized mental status examinations)

III. Probable AD dementia in a carrier of a causative AD genetic mutation

1. Meets core clinical criteria, and

2. Has a known pathogenic mutation (APP, PSEN1 or PSEN2), not ApoE e4

IV. Probable AD dementia with evidence of the AD pathophysiological process

1. Meets the core criteria, and

2. Has the following biomarker data:

High probability:
(a) positive amyloid (PETor CSF), AND positive CSF tau, FDG-PET, or structural MRI

Intermediate probability:
(a) unavailable, conflicting, or indeterminate amyloid (PETor CSF), AND positive CSF tau, FDG-

PET, or structural MRI, OR

(b) positive amyloid (PETor CSF), AND unavailable, conflicting, or indeterminate CSF tau, FDG-
PET, or structural MRI

Uninformative:
(a) unavailable, conflicting, or indeterminate amyloid (PETor CSF), ANDunavailable, conflicting,

or indeterminate CSF tau, FDG-PET, or structural MRI

V. Possible AD dementia (core clinical criteria)

Atypical: Meets core clinical criteria for AD but either has a sudden onset or shows insufficient
historical detail or objective cognitive documentation or progressive decline

Etiologically mixed presentation: Meets the core criteria for AD but has evidence of (a) cerebrovas-
cular disease, (b) features of DLB other than dementia itself, (c) evidence of another neurological
disease or medical condition with known effects on cognition

VI. Possible AD dementia with evidence of the AD pathophysiological process

1. Atypical clinical presentation, and

2. The following biomarker data

High probability (but does not rule our second etiology):
(a) positive amyloid (PETor CSF), AND positive CSF tau, FDG-PET, or structural MRI

Uninformative:
(a) Unavailable, conflicting, or indeterminate amyloid (PETor CSF), AND unavailable, conflict-

ing, or indeterminate CSF tau, FDG-PET, or structural MRI
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2014), which vary in their emphasis on the

use of biomarkers in the diagnosis of the
disease. The National Institute on Aging and

Alzheimer’s Association (NIA-AAS) criteria

allow the diagnosis of AD on purely clinical
grounds (including atypical phenotypes) with

biomarkers used to support and increase diag-

nostic certainty as to the underlying pathophys-
iology (McKhann et al. 2011a), whereas an

International Working Group (IWG) requires

both biomarker evidence and a suggestive clin-
ical phenotype to make the diagnosis (Dubois

et al. 2014).

Over the past several years, there has been
great progress in the development of biomark-

ers for detecting underlying AD. These include

both markers of AD pathophysiology (e.g.,
increased Ab1-42 plaque formation and phos-

phorylated tau deposition) and those that reveal

neuronal injury occurring in an anatomical dis-
tribution that is typical of AD (e.g., structural

magnetic resonance imaging [MRI], fluoro-

deoxyglucose [FDG]-positron emission to-
mography [PET]).

Imaging

Structural MRI of patients with clinical AD

shows disproportionate atrophy of the hippo-
campus and mesial temporal, lateral temporo-

parietal, and posterior cingulate/precuneus
cortices bilaterally (Baron et al. 2001; Frisoni
et al. 2002; Ishii et al. 2005), with the most char-

acteristic finding beingmesial temporal atrophy

for typical AD (Fig. 1) (Wahlund et al. 2005;
Kantarci et al. 2010; Whitwell et al. 2012). The

degree of atrophy on MRI reflects the severity

of pathological disease and the accumulation
of neurofibrillary tangles (Silbert et al. 2003;

Whitwell et al. 2008).

PET imaging can be used in different ways
to evaluate patients with suspected AD. Consis-

tent with atrophy on structural MRI, FDG-PET

studies show hypometabolismwithin themesial
temporal and parietal areas (Hoffman et al.

2000; Silverman et al. 2001). PET studies that

use tracers that specifically bind amyloid (C11-
PiB [Klunk et al. 2004; Ikonomovic et al. 2008],

F18-florbetapir [Wong et al. 2010; Clark et al.

2011, 2012], F18-flutemetamol [Vandenberghe
et al. 2010; Wolk et al. 2011], and F18-florbeta-

ben [Rowe et al. 2008]) can noninvasively assess

if amyloid plaques are present in vivo. Although
amyloid-PET imaging can reliably detect the

presence or absence of amyloid with high

sensitivity, amyloid commonly is found in
elderly patients even without cognitive impair-

ment (30%–40% at age 80) (Jansen et al. 2015;

Ossenkoppele et al. 2015a). Thus, in this group,
care must be taken not to attribute cognitive

symptoms to AD merely because they have a

positive scan, particularly when the clinical
syndrome is not suggestive. Amyloid-PETscan-

ning is widely available clinically, but often in-

surance carriers will not reimburse for the test.
The large Imaging Dementia—Evidence for

Amyloid Scanning (IDEAS) study in the United

States, with .18,000 subjects and funded by
Medicare, is currently assessing the clinical util-

ity of amyloid PET to determine if Medicare

should provide reimbursement in the future
(Rabinovoci et al. 2015). PET tracers that bind

to tau are under investigation and appear prom-

Figure 1.Magnetic resonance imaging (MRI) of clas-
sic Alzheimer’s disease (AD). Coronal T1-weighted
brain MRI of a 72-year-old right-handed man with
memory problems for at least 4 years showing bilat-
eral hippocampal, and less severe frontal and tempo-
ral cortical, atrophy. Orientation is radiologic (right
side of figure is left side of brain). (From Sha and
Rabinovici 2016, reprinted, with permission, from
John Wiley and Sons.)
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ising (Maruyama et al. 2013; Xia et al. 2013;

Okamura et al. 2014; Johnson et al. 2016), but
they are not yet clinically available.

Cerebrospinal Fluid and Other Laboratory
Testing

Cerebrospinal fluid (CSF) analysis can also

provide biomarker support for the diagnosis

of AD. Elevated levels of tau and phosphory-
lated-tau (at residues 181 and 231) in combi-

nation with reduced levels of soluble Ab1-42

amyloid distinguish AD patients from controls
based on imaging tests (Shaw et al. 2009) and

correlate with the presence of AD pathology at

autopsy (Tapiola et al. 2009; reviewed in Blen-
now and Hampel 2003; Blennow et al. 2010).

The presence of CSF AD biomarkers in pa-

tients with mild cognitive impairment increas-
es their risk of developing AD (Hansson et al.

2006).

Genetics

The risk of developing AD increases with a

positive family history of the disease. Having a
first-degree relative with AD increases the risk

by up to 3.5-fold, and this rises further if more

relatives are affected (van Duijn et al. 1991). AD
infrequently presents with an autosomal dom-

inant inheritance pattern (,1% of cases), and

when this occurs, it is usually caused by muta-
tions in one of three genes: presenilin 1

(PSEN1), which is the most common; preseni-

lin 2 (PSEN2); or amyloid precursor protein
(APP). These genetic forms typically present

decades earlier than sporadic AD, with a mean

age of 46 years in a recentmeta-analysis (Ryman
et al. 2014). One study found that these inher-

ited phenotypes account for 13% of patients

with early-onset AD (Campion et al. 1999).
The APP gene is on chromosome 21, which

may help explain the relationship between tri-

somy 21 (Down’s syndrome) and the high rates
of early-onset AD in individuals with this dis-

ease (Margallo-Lana et al. 2004).

The risk of developing sporadic AD is relat-
ed to the presence of specific allelic variants (e2,

e3, and e4) of the polymorphic apolipoprotein

E (APOE), with e4 being associated with signif-

icantly higher risk (Jarvik et al. 1996). The
frequency of the e4 allele varies across ethnici-

ties of individuals with the disease—from 9% in

the Japanese population to 20% in African–
Americans. The e3 allele is the most common

in the general population (72%–87%) and in

those with AD (Myers et al. 1996). The presence
of one e4 allele increases the risk of sporadic AD

two- to threefold, whereas two copies increase

the risk 8- to 12-fold (Myers et al. 1996; Farrer
et al. 1997; Slooter et al. 2004). ApoE e4 is

associated with decreased survival in men

(Dal Forno et al. 2002), rapidity of cognitive
decline (Martins et al. 2005), hippocampal vol-

ume loss (Mori et al. 2002), and the density of

neuritic plaques shown at autopsy (Drzezga
et al. 2009). The presence of the e2 allele may

be protective (Corder et al. 1994; Myers et al.

1996; Farrer et al. 1997).

Pathology

The hallmark pathological features of AD are

mentioned above. The neuroanatomical distri-

bution of neurofibrillary tangles and neuritic
plaques differ, as observed by Braak and Braak

(1991). Typically, neurofibrillary tangles are

initially seen in the entorhinal cortex before
spreading to the hippocampus (e.g., subicu-

lum) and other paralimbic structures (e.g.,

basal forebrain nuclei, amygdala, anterodorsal
thalamic nuclei). They then spread to themesial

temporal and parietal/retrosplenial isocortex

and other subcortical structures and ultimately
to the prefrontal areas. Primary motor, sensory,

and visual areas tend to accumulate plaques

only very late in the disease course (Braak and
Braak 1991).

Amyloid plaque formation, however, tends

to be more irregular and less reliable for use as a
staging tool than is the deposition of neurofi-

brillary tangles. In general, plaques tend to

form initially within the basal isocortex (fron-
tal, temporal, occipital) followed by spread

through the association cortices, and late in-

volvement of the primary sensorimotor areas.
The hippocampus is largely spared. Subcortical

structures (including the striatum, thalamus,

M.G. Erkkinen et al.
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and hypothalamus) also accumulate amyloid

(Braak and Braak 1991). Atypical pathological
forms of AD, such as posterior cortical atrophy

and frontal variants, tend to not conform to

Braak’s staging and may spare the hippocam-
pus (Murray et al. 2011).

Management/Treatment

There are currently no proven disease-modify-

ing pharmacologic treatments for AD, although
therapies targeting aspects of both amyloid

and/or tau are under active investigation.

Medical management of AD is therefore aimed
at improving patient symptoms and optimizing

both the patient’s and caregiver’s quality of

life. Acetylcholine (ACh), a widely distributed
neurotransmitter known to enhance cognition,

is reduced in patients with AD. Raising the

level of ACh via the use of acetylcholinesterase
inhibitors (e.g., donepezil, rivastigmine, and

galantamine) has been associated with im-

proved cognition compared with placebo (Birks
and Harvey 2003; Olin and Schneider 2001;

Birks et al. 2015). Memantine, an N-methyl-D-

aspartate (NMDA)-receptor antagonist be-
lieved to work by suppressing glutamate-

mediated excitotoxicity, has been shown to

reduce clinical deterioration on several scales
in patients with moderate-to-severe AD com-

pared with controls (Howard et al. 2012; Reis-

berg et al. 2003), but not in patients with mild
disease (McShane et al. 2006). Combining

acetylcholinesterase inhibition and memantine

may have a marginal benefit compared with
treatment with a single drug, although im-

proved functional outcomes have not been

shown (Farrimond et al. 2012). Moreover, the
relatively modest benefits of these treatments

should be considered alongside the potential

side effects of each option. Controlling vascular
risk factors (e.g., hypertension, hyperlipidemia,

obstructive sleep apnea) is important to prevent

and treat vascular cognitive impairment. AD
patients may suddenly worsen as a result of a

superimposed medical condition (e.g., infec-

tion, metabolic disturbance), and rapid deteri-
oration in these patients warrants an evaluation

for these etiologies.

Neuropsychiatric symptoms are common in

AD, and nonpharmacologic management of
these symptoms is preferred when possible.

Psychiatric or behavioral manifestations of AD

sometimes respond to standard symptomatic
treatments for AD (acetylcholinesterase inhibi-

tors or memantine), but often they require

treatment with psychiatric medications. Selec-
tive serotonin reuptake inhibitors (SSRIs) with

low anticholinergic properties (e.g., citalopram,

escitalopram, fluoxetine) may treat depression,
although supporting evidence is limited (Seitz

et al. 2011). Neuroleptic medications should be

avoided when possible given their limited effi-
cacy (Sink et al. 2005) and increased risk of

mortality; however, sometimes these medica-

tions are necessary for severe behavioral pheno-
types when nonpharmacological or other treat-

ments are unsuccessful.

Nonpharmacological interventions, such
as cognitive rehabilitation (Woods et al. 2012),

exercise (Forbes et al. 2015), and occupational

therapy (Graff et al. 2008), help treat patients
with dementia in some instances. Active social

and mental engagement may also be helpful

(Lyketsos et al. 2006).

Differential Diagnosis

The differential diagnosis of AD includes vas-

cular dementia, other neurodegenerative dis-

eases (e.g., frontotemporal lobar degeneration
[FTLD], dementia with Lewy bodies [DLB]),

limbic encephalopathies, vitamin deficiencies,

and general medical conditions. Cerebrovascu-
lar disease and AD are frequently comorbid

conditions, and distinguishing their relative

contributions to a patient’s cognitive profile
can be challenging.

DLB is a neurodegenerative disorder with

cognitive features that overlap with AD (e.g.,
amnesia), although clinical features that can

help distinguish DLB from AD are early

hallucinations and illusions, parkinsonism,
autonomic features, an antecedent rapid eye

movement (REM) sleep behavioral disorder,

and sensitivity to pharmacologic dopamine
blockade. DLB is often pathologically comorbid

with AD (Hamilton 2000). A recent study com-
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paring patients with pathologically determined

AD alone versus AD and DLB showed that pa-
tients with copathology tended to present ear-

lier and are more likely to be men, have an ApoE

e4 allele, have more behavioral problems (delu-
sions, hallucinations, sleep problems), and have

more severe parkinsonian features (Chung et al.

2015).
Distinguishing AD and frontotemporal de-

mentia (FTD) and its related disorders requires

attention to the clinical phenotypes under con-
sideration (see section on FTD below). Behav-

ioral variant FTD (bvFTD) is characterized by

prominent behavioral features (e.g., apathy, loss
of empathy, compulsions, and altered eating

habits) and a dysexecutive neuropsychological

profile, whereas these are rare presenting fea-
tures of typical AD. Atypical cases of AD (see

description above) can closely resemble FTD

spectrum disorders (primary progressive apha-
sia [PPA], bvFTD), and in these cases MRI and

AD biomarker studies (e.g., amyloid-PET, CSF

Ab1-42 amyloid, t-tau, and p-tau) can help dis-
tinguish the two diagnostic entities. Patients

with AD, for example, often show more atrophy

within the lateral parietal and occipital cortices
on MRI than individuals with pathologically

proven FTD. However, both groups show simi-

lar patterns of atrophy within the dorsolateral
prefrontal cortex and medial temporal lobes

(including the hippocampus and amygdala)

(Rabinovici et al. 2007).
Othermedical conditions canmimic aspects

of AD, including metabolic abnormalities (e.g.,

hypothyroidism, electrolyte disturbances), nu-
tritional deficiencies (e.g., Wernicke’s encepha-

lopathy, pellagra, B12 deficiency), infection

(e.g., syphilis, human immunodeficiency virus
[HIV]), side effects of some medications (e.g.,

benzodiazepines, anticholinergics), normal

pressure hydrocephalus, and psychiatric disease,
among others. Other causes of structural brain

disease, such as slow-growing tumors or chronic

subdural hematoma, rarely mimic AD.

FRONTOTEMPORAL DEMENTIA

FTD is the umbrella term for a group of hetero-

geneous clinical syndromes resulting from neu-

rodegeneration predominantly within the fron-

tal and anterior temporal lobes, insular cortex,
and subcortical structures. Early changes in

emotion and behavior, language, and motor

skills are the hallmark features of FTD and
reflect dysfunction in the aforementioned struc-

tures. The clinically defined core syndromes

within the FTD spectrum include bvFTD and
PPA, the latter of which includes three distinct

variants: semantic (svPPA), nonfluent/agram-

matic (nfvPPA), and logopenic (lvPPA). There
is considerable clinical overlap with other relat-

ed neurodegenerative conditions, including

progressive supranuclear palsy (PSP), cortico-
basal degeneration (CBD), and motor neuron

disease co-occurring with other FTD pheno-

types (FTD motor neuron disease [FTD-
MND]), although these syndromes include

symptoms that localize outside the frontal–

temporal–insular networks and usually have
prominent motor system involvement. A brief

overview of FTD epidemiology, pathology, and

genetics is provided below before focusing on
the individual clinical entities.

Epidemiology

FTD is a common cause of early onset dementia

in patients younger than 65. It is typically diag-
nosed in middle age and has an average age of

onset of 56, although it has been reported in

patients as early as their second decade (Stone
et al. 2003), with ≏13% of cases occurring be-

fore age 50 (Onyike and Diehl-Schmid 2013).

The overall incidence of FTD ranges from 1 to
17 cases per 100,000 people (Onyike and Diehl-

Schmid 2013). In individuals of more than

70 years of age, the range narrows from 1 to 4
cases per 100,000 (Mercy et al. 2008; Knopman

and Roberts 2011; Onyike and Diehl-Schmid

2013). Systematic analysis of eight population-
based studies from Europe, Canada, and Japan

yielded estimates of FTD prevalence that varied

between 2 and 31 cases per 100,000 people
(Onyike and Diehl-Schmid 2013). A more re-

cent review of 26 population-based studies on

FTD showed even more variation (100-fold)
in the estimates of incidence and prevalence.

In this analysis, the prevalence ranged from 1
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to 461 people per 100,000 and the overall inci-

dence from 0 to 33 cases per 100,000 person-
years (Hogan et al. 2016). The overall rates of

FTD among men and women appear to be

equal (Hogan et al. 2016), although individual
studies show variability (Onyike and Diehl-

Schmid 2013; Coyle-Gilchrist et al. 2016). The

distribution of subtypes is not equal; bvFTD,
for example, is 1.5 to 2.5 times more common

than nfvPPA and 1.8 to 3 times more common

than svPPA (Johnson et al. 2005; Coyle-Gil-
christ et al. 2016).

Pathology

The clinical entities that comprise FTD are

distinguished from the multiple pathological
processes that underlie them, and these patho-

logical processes are referred to generally as

frontotemporal lobar degeneration (FTLD).
The clinical-pathologic relationships between

FTD and FTLD are complex, and distinct clin-

ical entities often show considerable heteroge-
neity of their underlying pathology. For exam-

ple, bvFTD can be associated with several

different pathologies, including tauopathies,
TDP-43, and FUS (Ljubenkov and Miller

2016). Conversely, a single pathological process

can produce diverse clinical phenotypes; PSP
pathology can cause not only Steele–Richard-

son–Olszewski (i.e., Richardson’s) syndrome

but also nfvPPA andCBS (Ljubenkov andMiller
2016) as discussed below.

Gross pathologic changes associated with

FTLD include focal atrophy within the cortical
and subcortical networks that support language

and behavioral regulation, which manifests

microscopically as neuron cell death, microva-
cuolization, swollen neurons, white matter

myelin loss, and gliosis within the affected areas

(Cairns et al. 2007). FTLD is associated with the
accumulation of protein aggregates/inclusions
within neurons and glia, and the particular

molecular composition of these aggregates is
used to define pathological subtypes of the dis-

ease. These aggregates include tau (FTLD-tau),

transactive response DNA-binding protein
43 kDa (FTLD-TDP), fused in sarcoma protein

(FTLD-FUS), and others (Sieben et al. 2012),

with FTLD-tau and FTLD-TDP making up the

vastmajority of cases (≏90%) and being rough-
ly equal in their frequency (Snowden et al. 2007;

Rohrer et al. 2011). TDP is subdivided into

four pathological subtypes, A–D (Mackenzie
et al. 2011).

Genetics

Approximately 40% of patients with FTD have a

first degree relative with dementia (Goldman

et al. 2005), and 15% of cases have a family
history that suggests autosomal dominant in-

heritance (Goldman et al. 2005; Coyle-Gilchrist

et al. 2016). The majority of these genetic cases
are explained by mutations in three genes:

MAPT, chromosome 9 open reading frame 72

(C9ORF72), and granulin (GRN) (Galimberti
and Scarpini 2012; Sieben et al. 2012). Familial-

ity varies based on the FTD subtype, with svPPA

showing the least amount of familial cases
(17%) and FTD-MND showing the most

(59%) (Goldman et al. 2005).

Clinical Symptoms, Diagnosis, Imaging, and
Differential Diagnosis

Behavioral Variant FTD

bvFTD is the most common of the core FTD

spectrum clinical syndromes (Hogan et al.

2016) and is characterized clinically by early
changes in behavior, personality, emotion, and

executive control. The defining features of the

syndrome include early behavioral disinhibi-
tion (including socially inappropriate behavior,

loss of decorum, and impulsiveness), apathy or

inertia, loss of empathy or sympathy, persever-
ative, stereotyped, or compulsive/ritualistic be-
haviors, dietary changes (including changing

food preferences, binge eating, and oral explor-
atory behaviors), and a neuropsychological pro-

file that is primarily dysexecutive with sparing

of memory and visuospatial skills (Rascovsky
et al. 2011). See Box 2 for diagnostic criteria.

These symptoms are thought to reflect dysfunc-

tion in the nondominant prefrontal cortex,
anterior temporal lobe, paralimbic structures

(anterior cingulate, frontal insular and lateral
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BOX 2. Diagnostic criteria for behavioral variant FTD, svPPA, nfvPPA, and lvPPA (Gorno-Tempini et al.

2011; Rascovsky et al. 2011)

Diagnostic criteria for behavioral variant FTD

I. Neurodegenerative disease

The following symptom must be present to meet criteria for bvFTD

A. Shows progressive deterioration of behavior and/or cognition by observation or history (as
provided by a knowledgeable informant).

II. Possible bvFTD

Three of the following behavioral/cognitive symptoms (A–F) must be present to meet criteria.
Ascertainment requires that symptoms be persistent or recurrent, rather than single or rare events.

A. Early� behavioral disinhibition (one of the following symptoms [A.1–A.3] must be present):
A.1. Socially inappropriate behavior

A.2. Loss of manners or decorum

A.3. Impulsive, rash, or careless actions

B. Early apathy or inertia (one of the following symptoms [B.1–B.2] must be present):
B.1. Apathy

B.2. Inertia

C. Early loss of sympathy or empathy (one of the following symptoms [C.1–C.2] must be present):
C.1. Diminished response to other people’s needs and feelings

C.2. Diminished social interest, interrelatedness, or personal warmth

D. Early perseverative, stereotyped, or compulsive/ritualistic behavior (one of the following symp-
toms [D.1–D.3] must be present):
D.1. Simple repetitive movements

D.2. Complex, compulsive, or ritualistic behaviors

D.3. Stereotypy of speech

E. Hyperorality and dietary changes (one of the following symptoms [E.1–E.3] must be present):
E.1. Altered food preferences

E.2. Binge eating, increased consumption of alcohol or cigarettes

E.3. Oral exploration or consumption of inedible objects

F. Neuropsychological profile: executive/generation deficits with relative sparing of memory and
visuospatial functions (all of the following symptoms [F.1–F.3] must be present):

F.1. Deficits in executive tasks

F.2. Relative sparing of episodic memory

F.3. Relative sparing of visuospatial skills

III. Probable bvFTD

All of the following symptoms (A–C) must be present to meet criteria.

A. Meets criteria for possible bvFTD

B. Exhibits significant functional decline (by caregiver report or as evidenced byClinicalDementia
Rating Scale or Functional Activities Questionnaire scores)

C. Imaging results consistent with bvFTD (one of the following [C.1–C.2] must be present):

C.1. Frontal and/or anterior temporal atrophy on MRI or CT

C.2. Frontal and/or anterior temporal hypoperfusion or hypometabolism on PETor SPECT

Continued
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IV. Behavioral variant FTD with definite FTLD pathology

Criterion A and either criterion B or C must be present to meet criteria.

A. Meets criteria for possible or probable bvFTD

B. Histopathological evidence of FTLD on biopsy or at postmortem

C. Presence of a known pathogenic mutation

V. Exclusionary criteria for bvFTD

Criteria A andBmust be answered negatively for any bvFTDdiagnosis. CriterionC can be positive for
possible bvFTD but must be negative for probable bvFTD.

A. Pattern of deficits is better accounted for by other nondegenerative nervous system or medical
disorders

B. Behavioral disturbance is better accounted for by a psychiatric diagnosis

C. Biomarkers strongly indicative of Alzheimer’s disease or other neurodegenerative process
�As a general guideline “early” refers to symptom presentation within the first 3 years.

Diagnostic criteria for semantic variant PPA

I. Clinical diagnosis of semantic variant PPA

Both of the following core features must be present:

1. Impaired confrontation naming

2. Impaired single-word comprehension

At least three of the following other diagnostic features must be present:

1. Impaired object knowledge, particularly for low-frequency or low-familiarity items

2. Surface dyslexia or dysgraphia

3. Spared repetition

4. Spared speech production (grammar and motor speech)

II. Imaging-supported semantic variant PPA diagnosis

Both of the following criteria must be present:

1. Clinical diagnosis of semantic variant PPA

2. Imaging must show one or more of the following results:

a. Predominant anterior temporal lobe atrophy

b. Predominant anterior temporal hypoperfusion or hypometabolism on SPECTor PET

III. Semantic variant PPA with definite pathology

Clinical diagnosis (criterion A below) and either criterion B or C must be present:

1. Clinical diagnosis of semantic variant PPA

2. Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP,
AD, other)

3. Presence of a known pathogenic mutation

Diagnostic criteria for nonfluent/agrammatic variant PPA

I. Clinical diagnosis of nonfluent/agrammatic variant PPA:

At least one of the following core features must be present:

1. Agrammatism in language production

Continued
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2. Effortful, halting speechwith inconsistent speech sound errors and distortions (apraxia of speech)

At least two of three of the following other features must be present:

1. Impaired comprehension of syntactically complex sentences

2. Spared single-word comprehension

3. Spared object knowledge

II. Imaging-supported nonfluent/agrammatic variant diagnosis

Both of the following criteria must be present:

1. Clinical diagnosis of nonfluent/agrammatic variant PPA

2. Imaging must show one or more of the following results:

a. Predominant left posterior frontoinsular atrophy on MRI or

b. Predominant left posterior frontoinsular hypoperfusion or hypometabolism on SPECTor PET

III. Nonfluent/agrammatic variant PPA with definite pathology

Clinical diagnosis (criterion 1 below) and either criterion 2 or 3 must be present:

1. Clinical diagnosis of nonfluent/agrammatic variant PPA

2. Histopathologic evidence of a specific neurodegenerative pathology (e.g., FTLD-tau, FTLD-TDP,
AD, other)

3. Presence of a known pathogenic mutation

Diagnostic criteria for logopenic variant PPA

I. Clinical diagnosis of logopenic variant PPA

Both of the following core features must be present:

1. Impaired single-word retrieval in spontaneous speech and naming

2. Impaired repetition of sentences and phrases

At least three of the following other features must be present:

1. Speech (phonologic) errors in spontaneous speech and naming

2. Spared single-word comprehension and object knowledge

3. Spared motor speech

4. Absence of frank agrammatism

II. Imaging-supported logopenic variant diagnosis

Both criteria must be present:

1. Clinical diagnosis of logopenic variant PPA

2. Imaging must show one or more of the following results:

a. Predominant left posterior perisylvian or parietal atrophy on MRI

b. Predominant left posterior perisylvian or parietal hypoperfusion or hypometabolism on
SPECTor PET

III. Logopenic variant PPA with definite pathology

Clinical diagnosis (criterion 1 below) and either criterion 2 or 3 must be present:

1. Clinical diagnosis of logopenic variant PPA

2. Histopathologic evidence of a specific neurodegenerative pathology (e.g., AD, FTLD-tau, FTLD-
TDP, other)

3. Presence of a known pathogenic mutation
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orbitofrontal cortices), hippocampus, and sub-

cortical structures (ventral striatum and dorso-
medial thalamus) (Rosen et al. 2005; Rankin

et al. 2006; Seeley et al. 2008; Seeley 2010).

The neuroanatomical substrates underlying
the specific symptomatology in bvFTD are re-

viewed elsewhere (Lanata and Miller 2016).

Formal diagnostic criteria allow a conclu-
sion of “possible bvFTD” based on symptoma-

tology alone, whereas “probable bvFTD” re-

quires imaging findings and documentation
of functional decline. Definitive diagnosis of

“bvFTD with FTLD pathology” requires a

histopathological analysis (via brain biopsy or
autopsy) or the presence of a known patholog-

ical mutation (Rascovsky et al. 2011).

Neuroimaging can be helpful to assess
patients who meet the clinical criteria for

bvFTD. Although the brain may appear normal

on structural imaging early in the disease course
(Perry et al. 2006),more typical findings include

volume loss within the right-side frontal, ante-

rior temporal, and anterior insular cortices (Fig.
2A) (Rosen et al. 2002a; Perry et al. 2006; Seeley

et al. 2008). SPECT and FDG-PET imaging are

useful to distinguish FTD from AD and other
neurodegenerative diseases based on patterns of

regional hypometabolism (Foster et al. 2007;

Mendez et al. 2007), although these techniques
might not differentiate bvFTD from frontal

variants of AD. Amyloid-PET can be helpful

to assess for underlying AD pathology as a
contributing etiology (Engler et al. 2008; Ra-

binovici et al. 2011).

Differential Diagnosis

The differential diagnosis of bvFTD is broad,
particularly early in the disease course, and

includes psychiatric and other neurodegenera-

tive disorders. Given its predominantly psycho-
pathological manifestations (e.g., compulsions,

disinhibitions), bvFTD is often misdiagnosed

in patients as primary psychiatric disease (up
to 50% of cases) (Woolley et al. 2011; Lanata

and Miller 2016), including schizophrenia,

schizoaffective disorder, bipolar disorder, de-
pression (Velakoulis et al. 2009), obsessive

compulsive disorder (Tonkonogy et al. 1994),

and other psychiatric disorders (Lanata and

Miller 2016). Patients with a static, nonprogres-
sive, imaging-negative bvFTD are given the

term “bvFTD phenocopy” (Rascovsky and

Grossman 2013), and some of these patients
have genetic alterations in the C9ORF72 gene

(Khan et al. 2012). AD (Ossenkoppele et al.

2015b) and DLB can have overlapping features
with bvFTD. FTD often can be distinguished

from frontal AD variants by structural MRI,

as patients with AD more often show mesial
temporal and posterior atrophy compared

with those with bvFTD (Ossenkoppele et al.

2015b), PET imaging (both with FDG and
especially amyloid-binding tracers) (Rabino-

vici et al. 2011), and CSF biomarkers (total

tau, phosphorylated tau, and Ab1-42) (Ewers
et al. 2015).

Primary Progressive Aphasia

PPA is a core clinical phenotype within the FTD
spectrum and clinically is defined as the pro-

gressive loss of language function caused by

neurodegeneration that interferes with daily
life. Language deficits must be the earliest and

primary cause of disability in the early stages of

the illness (Mesulam 2003; Gorno-Tempini
et al. 2011). PPA has three well-described vari-

ants—semantic (svPPA), nonfluent/agram-

matic (nfvPPA), and logopenic (lvPPA)—and
each reflect dysfunction within different aspects

of the language system (Gorno-Tempini et al.

2011).

Semantic Variant

In terms of the epidemiology of svPPA, the

mean age at diagnosis is 64–67 years, and me-

dian survival from symptom onset is 10.6–12.8
years, which is longer than other forms of

FTD (Hodges et al. 2010; Coyle-Gilchrist et al.

2016). svPPA is the least likely of the FTD sub-
types to be familial and occurs in an estimated

2%–7% of cases (Goldman et al. 2005; Hodges

et al. 2010). Most patients with svPPA have un-
derlying pathological features consistent with

TDP-C, although Pick’s disease and AD are
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rarely also reported (Hodges et al. 2010; Harris

et al. 2013).
svPPA is symptomatically characterized by

the progressive degradation of semantic knowl-

edge. Patients with svPPA have impairment
in confrontational naming (i.e., the ability to

produce the word for an object after seeing it

or its picture), single-word comprehension,

and object knowledge (particularly for uncom-
mon objects), with spared repetition and speech

sound production (Gorno-Tempini et al. 2011).

Anomia usually begins with uncommon words
(Kramer et al. 2003) and is accompanied by

vague, empty-sounding speech. There is often

Figure 2.Magnetic resonance imaging (MRI) in three variants of frontotemporal dementia (FTD). T1-weighted
brainMRIs in behavioral variant FTD (bvFTD) (A), semantic variant primary progressive aphasia (svPPA) (B),
and nonfluent variant (nfvPPA) (C). (A) A 55-year-old woman with a 4-year history of bvFTD with a score of
27/30 on the mini-mental status examination (MMSE) showing an axial, coronal, and sagittal (right side) MRI
with significant bilateral (right more than left) frontal atrophy. (B) A 61-year-old man with svPPA showing
symptoms for 1.5 years that included forgetting the names of friends and the names and knowledge of common
objects. He also showed difficulty with planning, multitasking, andmarked rigidity of daily routines.MRI shows
severe left temporal pole atrophy. (C) A 74-year-old man with 2 years of progressive word-finding difficulty,
slowed and effortful speech, phonemic paraphasias, and speech apraxia. MRI shows left insular and perisylvian
atrophy consistent with nfvPPA. Orientation of coronal and axial MRIs are radiologic. (Images courtesy of Dr.
David Perry.)
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surface dyslexia and dysgraphia (i.e., inability

to spell, read, or recognize words with atypical
spellings such as “yacht” or “colonel”). Fluen-

cy, repetition, and grammar are characteristi-

cally preserved. See Box 2 for diagnostic crite-
ria. This syndrome is thought to result from

dysfunction within the left anterior temporal

lobe and its connections (Seeley et al. 2005).
When the temporal lobar atrophy is right-sid-

ed or bilateral, clinical svPPA can be associated

with early behavioral changes reminiscent of
bvFTD and have semantic loss related to facial

and emotional recognition (Chan et al. 2009;

Henry et al. 2014). The behavioral phenotype
of svPPA (right temporal form) can include

hyper-religiosity, lack of empathy, obsessional

behaviors, and lack of insight (Chan et al.
2009).

Imaging can be helpful in diagnosing

svPPA. Structural MRI typically shows anterior
temporal lobar atrophy, particularly along the

inferior temporal gyrus (Fig. 2B) (Rosen et al.

2002a,b). Similar anatomical distributions can
be seen with the imaging modalities single pho-

ton emission computed tomography (SPECT)

and FDG-PET, which show hypoperfusion and
hypometabolism, respectively (Gorno-Tempini

et al. 2011).

Nonfluent Variant

nfvPPA accounts for ≏15% of all FTD-spec-
trum diagnoses (including CBD and PSP).

Most patients diagnosed with nfvPPA present

between the ages of 55 and 70 years (Hodges
et al. 2010), with an average age of onset of

67 (Coyle-Gilchrist et al. 2016). Median sur-

vival after the onset of symptoms is 8–12 years
(Hodges et al. 2010; Coyle-Gilchrist et al. 2016).

nfvPPA is characterized by progressive er-

rors in motor speech production and gram-
matic structure (Gorno-Tempini et al. 2011),

similar to Broca’s aphasia. The extent of these

deficits varies between cases, although pure
agrammatism is rare. nfvPPA often presents

with slow, effortful speech with errors in the

articulatory plan (i.e., apraxia of speech).
Motor speech errors can be inconsistent and

include distortions, deletions, substitutions,

transpositions, and insertions; aprosodia is of-

ten an accompanying feature. Agrammatism
manifests as difficulty in understanding sen-

tences (particularly those with complex forms)

with relatively preserved comprehension of
single words. These deficits are thought to re-

flect dysfunction within the regions known to

underlie motor speech planning, including a
circuit involving the left inferior frontal gyrus,

insula, premotor, and supplementary motor

areas (Gorno-Tempini et al. 2004).
Formal research diagnostic criteria for

nfvPPA include symptoms of either agramma-

tism or effortful, halting speech, with two out of
the three following features: impaired compre-

hension of syntactically complex sentences,

spared single-word comprehension, and spared
object knowledge. The diagnosis of “imaging-

supported” nfvPPA requires meeting the

clinical criteria above as well as showing left
posterior frontoinsular atrophy on MRI or cor-

responding metabolic/perfusion abnormalities

on PET/SPECT. Definitive pathological diag-
nosis requires histological analysis or the pres-

ence of a known mutation (Gorno-Tempini

et al. 2011). See Box 2 for diagnostic criteria.
Structural MRI often reveals atrophy within

the aforementioned regions (Fig. 2C) (Gorno-

Tempini et al. 2004; Josephs et al. 2006). FDG-
PET (Grossman et al. 1996) and SPECT imag-

ing (Mesulam 2003) show hypometabolism in

the same regions. The underlying pathology is
most often associated with FTLD-tau, although

FTLD-TDP and AD pathology also occur (Har-

ris and Jones 2014).

Logopenic Variant

A third well-described PPA clinical subtype is

the logopenic variant (lvPPA), which presents

with errors in word retrieval and sentence rep-
etition (particularly for longer sentences and

phrases). Speech is often slow and interrupted

by word-finding pauses, and unlike nfvPPA,
grammatical structures, prosody, and articula-

tory speech sounds (diction) remain largely

intact. Phonologic paraphasic errors (using
similar sounding words) are common. lvPPA

deficits are hypothesized to emerge from errors
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in phonologic short-term memory (Gorno-

Tempini et al. 2008, 2011). Clinical diagnostic
criteria for lvPPA require impairment in both

single-word retrieval (in spontaneous speech

and naming) and repetition of sentences and
phrases, as well as at least three of the following

symptoms: phonologic errors (in spontaneous

speech and naming), spared single-word com-
prehension and object knowledge, spared mo-

tor speech, and absence of frank agrammatism

(Gorno-Tempini et al. 2011). See Box 2 for di-
agnostic criteria. Neuroimaging studies com-

monly show abnormalities within the left tem-

poroparietal junction, including atrophy on
structural MRI or hypometabolism on FDG-

PET (Gorno-Tempini et al. 2004; Madhavan

et al. 2013).
The vast majority of lvPPA cases have un-

derlying AD pathology, although FTLD pathol-

ogy is rarely reported (Rabinovici et al. 2008;
Grossman 2010;Mesulam et al. 2014). In lvPPA,

neurofibrillary tangles are generally distributed

asymmetrically within the hemispheres, with
the left more involved than the right (Mesulam

et al. 2008; Gefen et al. 2012). Clinical lvPPA,

therefore, is most often categorized as an atyp-
ical variant of AD. CSF analysis or amyloid

imaging to determine the presence of AD bio-

markers can be useful when the underlying pa-
thology is unclear based on other clinical fea-

tures. The presence ofAPOE e4 does not predict

pathology in lvPPA patients (Mesulam et al.
2008). Pharmacologic treatment of lvPPA is

similar to that for patients with more typical

presentations of AD (see section above on AD).

Treatment

Treatment of FTD-spectrum disorders is aimed

at controlling symptoms, as there are no thera-

pies proven to alter their underlying patholog-
ical processes, although clinical trials are in pro-

gress. In bvFTD,management strategies include

the use of SSRIs (Swartz et al. 1997;Moretti et al.
2003; Anneser et al. 2007; Herrmann et al.

2012), trazodone (Lebert et al. 2004), dopamine

blockade (Sink et al. 2005), and others. Non-
pharmacologic interventions such as caregiver

support and education, a Mediterranean diet,

regular aerobic exercise, physical therapy for

motor and gait impairment, swallow evalua-
tion, optimization of home safety (including

removal of firearms), stewardship over finances,

and cessation of driving privileges are warrant-
ed depending on the clinical context (Ljuben-

kov and Miller 2016). Early referral to speech

therapy is recommended for all PPAs. For
lvPPA caused by AD, standard AD treatments,

including acetylcholinesterase inhibitors, should

be considered.

Frontotemporal Dementia Spectrum
Syndromes with Prominent Motor Features

Frontotemporal Dementia-Motor Neuron
Disease (FTD-MND)

There is substantial clinical overlap between pa-

tients with amyotrophic lateral sclerosis (ALS)
and bvFTD, as 15% of bvFTD cases develop

symptoms of ALS (Rascovsky et al. 2011) and

30% of ALS patients experience symptoms of
bvFTD (Lomen-Hoerth 2011). The syndrome

in which both illnesses coexist is referred to as

FTD-MND.
FTD-MND is associated with a shorter sur-

vival (2.4 years from symptom onset) compared

with bvFTD alone (6.6 years) (Lillo et al. 2010),
classic ALS without cognitive changes (Olney

et al. 2005), and other FTD syndromes (e.g.,

nfvPPA) (Hodges et al. 2003).
MND is characterized by findings that sug-

gest both upper and lower motor neuron dys-

function. Upper motor neuron signs include
hyperreflexia (e.g., clonus, spreading across

multiple joints, positive Babinski and Hoffman

signs), spasticity, and slow speech, whereas
lower motor neuron findings include fascicula-

tions, atrophy, and weakness. Electromyogra-

phy can aid in diagnosis. Bulbar weakness ap-
pears to be overrepresented in cases of FTD-

MND versus MND alone (Portet et al. 2001).

Behavioral symptoms in cases of FTD-MNDare
typically of the bvFTD phenotype, and the pres-

ence of early delusional thinking in patients

with bvFTD predicts subsequent development
of FTD-MND (Lillo et al. 2010). Pseudobulbar

affect is also common in cases of FTD-MND.
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On structural MRI, patients with either ALS

or FTD-MND show widespread atrophy of the
frontotemporal cortices (including the premo-

tor cortices), although the frontal regions are

more atrophied in cases of FTD-MND (Chang
et al. 2005).

The pathological changes seen in FTD-

MND are typically associated with TDP-B
(Mackenzie 2007; Mackenzie et al. 2011),

although TDP-A (Rohrer et al. 2011) and FUS

(Mackenzie et al. 2010) have also been reported.
C9ORF72 expansions account for more than

half of the inherited cases of FTD-MND (Coo-

per-Knock et al. 2015).

Progressive Supranuclear Palsy Syndrome

The mean age of onset of progressive supranu-

clear palsy syndrome (PSP-S) is 63 years (Golbe

et al. 1988), and PSP-S rarely, if ever, occurs
before the age of 40. Prevalence estimates range

from 1.4 (Golbe et al. 1988) to 6.4 individuals

per 100,000 (Schrag et al. 1999). Median sur-
vival after symptom onset is ≏6.9 years (Coyle-

Gilchrist et al. 2016). Steele–Richardson–Ols-

zewski syndrome (i.e., Richardson’s syndrome),
the classic syndrome of PSP-S, is more rapidly

progressive than other PSP variants (e.g., PSP-

Parkinson’s) (O’Sullivan et al. 2008).
Steele–Richardson–Olszewski syndrome is

clinically characterized by early postural insta-

bility, falls, and eye movement abnormalities,
typically a vertical supranuclear gaze palsy or

slowed vertical saccades. Accompanying fea-

tures include early dysphagia and dysarthria,
symmetric akinesia or rigidity (proximal more

than distal), abnormal neck posturing (typical-

ly retrocollis), and a poor response to dopamine
replacement (Litvan et al. 1996a). Typical

parkinsonian features are common, including

reduced eye blink with hypomimia, sitting “en
bloc,” and bradykinesia. Prominent cognitive

and behavioral changes often accompany the

motor syndrome described above, and usually
reflect frontal dysfunction, and include apathy,

impulsivity, inattention, personality changes,

and slowed processing speed, with memory,
language, and visuospatial skills relatively

spared (Litvan et al. 1996b; Donker Kaat et al.

2007; Bak et al. 2010). Depression is common

(Schrag et al. 2010). Sleep disturbances aremore
commonly reported in PSP than in FTD (Bak

et al. 2010). Well-described findings on the

neurologic examination include the procerus
sign (an involuntary furrowing of the brow

that produces an expression of worry or exas-

peration), the “applause sign” in which the
patient is unable to stop clapping despite being

told to stop after three claps (a nonspecific sign

of frontal-lobe dysfunction) (Dubois et al.
2005), a “wide-eyed” stare, and utilization be-

haviors. See Table 1 for diagnostic criteria.

In PSP-S, structural MRI typically shows
atrophy within the dorsal midbrain, pons,

cerebellum, caudate, thalamus, and the frontal

cortex with its associated subcortical white
matter (Boxer et al. 2006; Josephs et al. 2008).

Midbrain atrophy is significantly greater than in

CBD (Boxer et al. 2006). When the midbrain
atrophy is severe, it can appear as the “hum-

mingbird sign” on MRI, in which on midsagit-

tal view, the shape of the midbrain is reminis-
cent of a hummingbird with its beak extended

(Graber and Staudinger 2009). Atrophy of the

superior cerebellar peduncles is also seen in PSP
(Tsuboi et al. 2003).

Pathologically, PSP is associated with atro-

phy within the basal ganglia, subthalamus, and
brainstem, and is characterized microscopically

by dense fibrillary four-repeat tau (4R tauop-

athy) filaments, globose-appearing neurofibril-
lary tangles, and glial fibrillary tangles in

astrocytes and oligodendrocytes (Lee et al.

2001). These pathologic changes are distributed
throughout the basal ganglia, midbrain (in-

cluding the oculomotor nucleus), pons, and

cerebellum (Hauwet al. 1994). Cortical involve-
ment is variable and often correlates with

the severity of cognitive impairment (Bigio

et al. 1999).
Patients with histologic changes consistent

with PSP pathology also are associated with a

number of additional clinical phenotypes other
than Steele–Richardson–Olszewski syndrome,

including other PSP variants (PSP-parkinson-

ism [Williams et al. 2005], PSP-pure akinesia
[Facheris et al. 2008], and PSP-primary pro-

gressive freezing gait [Compta et al. 2007],
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Table 1.Clinical diagnostic criteria for progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD)

PSP Mandatory inclusion criteria Mandatory exclusion criteria Supportive criteria

Possible Gradually progressive disorder Recent history of encephalitis Symmetric akinesia or rigidity,

proximal more than distal

Onset at age 40 or later Alien limb syndrome, cortical

sensory deficits, focal frontal

or temporoparietal atrophy

Abnormal neck posture,

especially retrocollis

Either vertical (upward or

downward gaze) supranuclear

palsy or both slowing of

vertical saccades and

prominent postural instability

with falls in the first year of

disease conset

Hallucinations or delusions

unrelated to dopaminergic

therapy

Poor or absent response of

parkinsonism to levodopa

therapy

No evidence of other diseases

that could explain the

foregoing features, as

indicated by mandatory

exclusion criteria

Cortical dementia of Alzheimer’s

type (severe amnesia and

aphasia or agnosia, according

to NINCDS-ADRA criteria)

Early dysphagia and dysarthria

Probable Gradually progressive disorder Severe, asymmetric parkinsonian

signs (i.e., bradykinesia)

Early onset of cognitive

impairment including at

least two of the following:

apathy, impairment in

abstract thought, decreased

verbal fluency, utilization

behaviors, or frontal release

signs

Onset at age 40 or later Neuroradiologic evidence of

relevant structural

abnormality (i.e., basal ganglia

or brainstem infarcts, lobar

atrophy)

No evidence of other diseases

that could explain the

foregoing features, as

indicated by mandatory

exclusion criteria

Whipple’s disease, confirmed by

polymerase chain reaction, if

indicated

Definite Clinically probable or possible

PSP and histopathologic

evidence of typical PSP

Diagnostic criteria of clinical phenotypes associated with corticobasal degeneration

Clinical phenotypes associated with CBD Features

Probable corticobasal syndrome (CBS) Asymmetric presentation of two of (i) limb rigidity or akinesia, (ii)

limb dystonia, (iii) limbmyoclonus plus two of (iv) orobuccal or

limb apraxia, (v) cortical sensory deficit, (vi) alien limb

phenomena (more than simple levitation)

Possible corticobsal syndrome (CBS) May be symmetric: one of (i) limb rigidity or akinesia, (ii) limb

dystonia, (iii) limb myoclonus plus 1 of (iv) orobuccal or limb

apraxia, (v) cortical sensory deficit, (vi) alien limb phenomena

(more than simple levitation)

Continued
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CBS, and FTD syndromes such as nfvPPA and
bvFTD [Dickson et al. 2011]). Despite similar

histopathology, these diverse phenotypes are

often associated with distinct patterns of brain
atrophy.

In terms of genetics, PSP-S is generally con-

sidered a sporadic disorder, although familial
forms have been reported and are associated

with mutations in MAPT (Donker Kaat et al.

2009). PSP is almost always associated with
a particular tau haplotype (H1/H1) (Baker

et al. 1999), although this genotype does not

appear to affect age of onset, severity, or survival
(Litvan et al. 2001).

The differential diagnosis primarily in-

cludes other neurodegenerative diseases with
parkinsonism (e.g., Parkinson’s disease [PD],

CBD, multiple system atrophy [MSA]), as well

as vascular disease and other medical (e.g.,
Whipple’s causing oculomotor abnormalities)

or structural (e.g., midbrain tumors) causes.

There are currently no available treatments
for the underlying pathological processes of

PSP, although such interventions are under in-

vestigation and treatment trials have begun.
Early referral to physical, speech (for dysphagia

and dysarthria), and occupational therapies are

essential. Pharmacologic treatments are aimed
at controlling symptoms and include medica-

tions for sleep, depression, or other behavioral

changes. As PSP is usually not very responsive
to carbidopa-levodopa, a trial may help diag-

nostically to differentiate PSP from PD; low-

dose carbidopa-levodopa, however, can some-
times mildly improve some symptoms (Kom-

politi et al. 1998).

Corticobasal Syndrome and Corticobasal
Degeneration

The mean age of onset of CBS is 63 years (Wen-

ning et al. 1998), with the youngest reported

case occurring at the age of 45 years. The
prevalence of CBS is unknown, although it is

considered rare. The duration of survival after

the onset of symptoms in CBS was recently
reported to be 7.2 years (Coyle-Gilchrist et al.

2016). CBS is generally considered a sporadic

disorder, although cases have been reported
with mutations in the TREM2 gene.

CBS is the clinical entity characterized by

the core motor features of limb rigidity and
bradykinesia, dystonia, and myoclonus, as well

as cortical dysfunction including apraxia (oro-

buccal or limb), cortical sensory loss (astereog-
nosis, agraphesthesia, neglect), and alien limb

phenomena (Armstrong et al. 2013). Clinical

findings are typically asymmetric, although
this is not always the case (Hassan et al. 2010).

There may be cognitive and behavioral changes

early in the course of CBS, and patients with
CBS may later meet clinical criteria for bvFTD

or PPA (Kertesz et al. 2005), or other clinical

phenotypes (Armstrong et al. 2013). See Box 1
for diagnostic criteria. CBS is distinct from the

neuropathologically defined CBD.

Table 1. Continued

Clinical phenotypes associated with CBD Features

Frontal behavioral-spatial syndrome Two of (i) executive dysfunction, (ii) behavioral or personality

changes, (iii) visuospatial deficits.

Nonfluent/agrammatic variant of

primary progressive aphasia

Effortful, agramamtic speech plus at least one of (i) impaired

grammar/sentence comprehension with relatively preserved

single word comprehension, or (ii) groping, distorted speech

production (apraxia of speech)

Progressive supranuclear palsy syndrome Three of (i) axial or symmetric limb rigidity or akinesia, (ii)

postural instability or falls, (iii) urinary incontinence, (iv)

behavioral changes, (v) supranuclear gaze palsy or decreased

velocity of vertical saccades

Source: Litvan et al. 1996a; Armstrong et al. 2013.

NINCDS-ADRA, National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer’s Disease

and Related Disorders Association.
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CBD is associated with gross asymmetric

frontoparietal or paracentral lobar atrophy; nu-
merous swollen and vacuolated “ballooned”

neurons; and wispy, fine, filamentous 4R tau

inclusions within cell bodies of the cerebral
gray and white matter (Dickson 1999). The re-

lationship between CBS and CBD is complex.

CBS is associated with numerous underlying
pathologies, including CBD, AD, PSP-tau,

Pick’s-tau, TDP-43, Lewy bodies (LBs), and

CJD (Boeve et al. 1999; Wadia and Lang 2007;
Lee et al. 2011). CBD is associated with other

clinical syndromes in addition to CBS, includ-

ing progressive nonfluent aphasia, bvFTD, ex-
ecutive-motor syndrome, and posterior cortical

atrophy (Wadia and Lang 2007; Lee et al. 2011).

A large majority of CBD patients present with
cognitive symptoms, whereas less than half ini-

tially showmotor involvement (Lee et al. 2011).

Regardless of underlying pathology, pa-
tients with CBS typically show atrophy of the

posteromedial frontal, perirolandic, and dorsal

insular cortices on MRI (Lee et al. 2011). More
prominent posterior involvement (e.g., parie-

tal) may suggest underlying AD pathology,

whereas frontal extension is associated with
CBD pathology. Brainstem atrophy suggests

PSP (Lee et al. 2011). FDG-PET studies show

asymmetric hypometabolism within the poste-
rior frontal, inferior parietal, and superior tem-

poral regions, in addition to the subcortical

structures (Coulier et al. 2003). In patients pre-
senting with CBS, CSF analysis may also help to

determine the presence of inflammation or AD

biomarkers. Differential diagnosis includes oth-
er motor predominant neurodegenerative dis-

eases, such as PD, PSP, MSA, DLB, CJD, and

even AD.

SYNUCLEINOPATHIES (PARKINSONIAN
NEURODEGENERATIVE DISEASES)

Idiopathic Parkinson’s Disease

Epidemiology

Idiopathic Parkinson’s disease (PD) is the sec-
ond most common neurodegenerative disorder

after AD. The prevalence of PD is estimated to

be 0.3% in the general population, ≏1% in

people older than age 60, and ≏3% in people
age 80 years or older. The incidence rate of PD is

8–18 individuals per 100,000 person-years

(Tanner and Goldman 1996; Nussbaum and El-
lis 2003; de Lau and Breteler 2006). The median

age of onset is 60 years, and the mean duration

of the disease from diagnosis to death is 15 years
(Lees et al. 2009). Men have 1.5–2 times higher

prevalence and incidence than women (Moisan

et al. 2016), and the age at onset is 2.1 years later
in women than inmen, or 53.4 years versus 51.3

years (Haaxma et al. 2007).Women are reported

to present with milder symptoms, a higher rate
of tremor (67% vs. 48% in men), and slower

progression of motor disturbances.

Clinical Symptoms and Diagnosis

The cardinal motor symptoms of PD include
bradykinesia, resting tremor, rigidity, and pos-

tural instability; other motor features include

hypomimia, hypophonia, dysphagia, vision
changes, micrographia, stooped posture, and

gait freezing, among others. PD subtyping

based on symptomatic features, however, sug-
gests important differences between those with

a tremor-predominant phenotype versus pos-

tural-instability and gait difficulties (PIGD),
with the tremor-predominant group presenting

at an earlier age but with a slower progression

and a better response to dopamine replacement
(Jankovic and Kapadia 2001; Thenganatt and

Jankovic 2014). Patients with the PIGD type

show more rapid cognitive decline and a higher
incidence of dementia, whereas those who start

with tremor tend to have dementia only after

PIGD symptoms develop (Alves et al. 2006).
Younger patients (onset before 40 years of age)

with PD are more likely to have tremor, rigidity,

dystonia, and levodopa-related motor compli-
cations as presenting symptoms and tend to

progress more slowly, whereas patients with

late-onset PD more likely present with the
PIGD subtype and cognitive impairment and

progress more rapidly (particularly for symp-

toms of mentation and freezing) (Jankovic et al.
1990; Jankovic and Kapadia 2001; Thenganatt

and Jankovic 2014). The prevalence of cognitive
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decline in PD is variable early in the disease,

with 19%–38% of patients reporting symp-
toms of mild cognitive impairment in the early

stages of PD (Litvan et al. 2011). As the disease

progresses, dementia becomes more common,
with a prevalence of .75% in PD patients with

.10 years disease duration (Hely et al. 2008).

In addition to motor symptoms, PD is
associated with non-motor features, includ-

ing dysautonomia (constipation, orthostasis,

sphincter dysfunction), sleep disturbances (in-
somnia, REM behavioral parasomnias), mood

disorders, anosmia, cognitive disturbances, and

pain and sensory disturbances, all of which can
negatively impact patient quality of life.

The diagnosis of PD is made solely based on

clinical symptoms (bradykinesia, resting trem-
or, rigidity, and postural instability).MRI, other

imaging studies, and laboratory tests are used to

exclude other conditions.

Imaging

MRI is typically normal in PD and is primarily

used to evaluate structural (e.g., vascular diseas-

es, tumor, etc.) and other neurodegenerative
causes of parkinsonism (e.g., multiple system

atrophy, AD). PD can be comorbid with other

conditions, and clinicians should be cautious
not to interpret positive findings on structural

neuroimaging as evidence against the diagnosis

of PD when the clinical syndrome is suggestive.
SPECT imaging using radioactively labeled

tracers that bind the presynaptic striatal dopa-

mine transporter (DaT) can be helpful to assess
the integrity of the dopaminergic nigrostriatal

pathways, which are characteristically dysfunc-

tional in parkinsonian degenerative disorders.
Reduced SPECT signal within the striatum

suggests dysfunction in this pathway, as DaT is

reduced in presynaptic terminals as a result
of neuronal degeneration. DaT scanning is

useful to distinguish PD from other causes of

parkinsonism that do not affect dopaminergic
nigrostriatal neurons (e.g., essential tremor,

drug-induced and vascular parkinsonism) but

not fromparkinsonism from other degenerative
disorders (e.g., MSA, PSP, CBD) (Kagi et al.

2010). Longitudinal studies show that younger

patients with PD have reduced presynaptic

monoamine transporter binding at symptom
onset, but a slower rate of reduction thereafter

(de la Fuente-Fernandez et al. 2011). Addition-

ally, subregions within the striatum appear to
lose their dopaminergic inputs during preclin-

ical phases of the disease, whereas loss of dop-

aminergic inputs across the entire putamen cor-
relates with disease progression (Lee et al. 2004).

CSF and Other Laboratory Testing

There are no specific CSF or laboratory tests for

PD, but changes in some blood or CSF markers
have been shown to correlate with clinical

symptoms of PD (Chen-Plotkin et al. 2011;

Kang et al. 2013).

Pathology

The core pathologic feature of PD is loss of dop-

aminergic neurons in the substantia nigra pars

compacta. The microscopic pathological hall-
mark of PD is Lewy bodies (LBs), which are

lamellated, eosinophilic, intracytoplasmic neu-

ronal inclusions of insoluble, fibrillated aggre-
gates that include a-synuclein and ubiquitin.

Although motor symptoms are thought to re-

flect neuronal loss within the substania nigra,
this is not the initial site involved. The anatom-

ical distribution and spread of LBs throughout

the central nervous system (CNS) is described
by Braak et al. (2003) and begins in the dorsal

motor nuclei of the vagus before ascending

within the brainstem and ultimately to the cor-
tex. a-Synuclein is also found in neuronal pro-

cesses (Lewy neurites) as well as in astrocytes

and oligodendroglial cells in PD (Spillantini
et al. 1997; Kalia and Lang 2016).

Genetics

Although most cases of PD are thought to be

sporadic, genetics likely plays an important
role. Patients with PD, for example, are more

than twice as likely to have a first-degree relative

with the disease compared with controls
(Marder et al. 1996). Rare familial forms of PD

with both autosomal dominant and recessive
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inheritance have been described. Several genes

have been associated with monogenic forms of
the illness, including leucine-rich repeat kinase 2

(LRRK2), a-synuclein (SNCA) (Polymeropou-

los et al. 1997), Parkin, phosphatase and tensin
homolog–induced putative kinase-1 (PINK-1),

DJ-1, ATPase type 13A2 (ATP13A2), PLA2G6,

FBX07, VPS35, and DCTN1 (Singleton et al.
2013). LRRK2mutations are the most common

and are found in 5%–15% of familial parkin-

sonism cases; they are also associated with 1%–
2% of sporadic PD cases (Gasser et al. 2011).

Moreover, LRRK2 mutations usually manifest

as a benign tremor-predominant phenotype
(asymmetric parkinsonism) and have a de-

creased risk for cognitive and olfactory dysfunc-

tion (Healy et al. 2008). Mutations in Parkin,
PINK-1, DJ-1, and ATP13A2 cause autosomal-

recessive early-onset parkinsonism. Parkinmu-

tations are associated with an early onset of dis-
ease and account for nearly half of the recessive

familial forms with an onset before the age of 45

years; the clinical phenotype is largely benign,
although with atypical features of psychiatric

disease, cerebellar signs, and neuropathy (Loh-

mann et al. 2003; Singleton et al. 2013). Gluco-
cerebrosidase mutations are known to increase

the risk of developing PD more than fivefold

(Lees et al. 2009). Other risk factor genes are
discussed elsewhere in this collection (Nuss-

baum 2017).

Management/Treatment

Pharmacologic therapies that target the motor
features of PD act by enhancing dopamine

signaling, and mechanistically involve direct re-

placement (e.g., levodopa), dopamine receptor
agonism (e.g., pramipexole, ropinirole, apo-

morphine), and reduced dopaminemetabolism

via monoamine oxidase-B (MAO-B) inhibition
(e.g., selegiline) and catechol-O-methyltrans-

ferase (COMT) inhibition (e.g., entacapone).

Anticholinergics (e.g., trihexyphenidyl, benzo-
tropine) are effective for patients with a tremor-

predominant phenotype. These medications

are often most effective in the early stages of
PD, and adverse effects such as motor fluctua-

tions (“on-off” phenomena) and dyskinesias

often develop at later stages after treatment for

several years. Deep brain stimulation (DBS) can
alleviate motor fluctuations and dyskinesias in

patients with advanced, medication-refractory

PD. DBS provides additional benefit for tremor,
rigidity, and bradykinesia, but gait and balance

are unlikely to improve, and cognition may be

worsened (particularly verbal fluency) (Fasano
et al. 2012). Electrodes placed in the globus pal-

lidus internus or subthalamic nucleus regulate

abnormal neural impulses, thereby relieving
motor symptoms (Benabid et al. 1987; Siegfried

and Lippitz 1994; Follett et al. 2010; Odekerken

et al. 2016). DBS can reduce the dose or adverse
effects of PD medications, but complications

such as hemorrhage, infection, and lead migra-

tion should be considered when deciding on
DBS treatment (Lyons et al. 2004; Guridi et al.

2012; Pouratian et al. 2012). Nonpharmacologic

treatments such as speech, physical, and occu-
pational therapies should also be considered

depending on patient symptoms.

Differential Diagnosis

PD should be differentiated from other parkin-
sonian disorders, including vascular (e.g., stria-

tal infarct), drug-induced (e.g., neuroleptics,

antinausea), metabolic (e.g., Wilson’s, neuro-
acanthocytosis, liver disease), infectious (e.g.,

HIV, syphilis, CJD), toxic (e.g., carbon monox-

ide), normal pressure hydrocephalus, essential
tremor, and other forms of neurodegenerative

disease (e.g., MSA, PSP, CBS, DLB, and AD).

Dementia with Lewy Bodies and Parkinson’s
Disease with Dementia

The clinical entities of DLB and PDD have over-

lapping features because both are characterized
by progressive cognitive impairment, psychiat-

ric and behavioral disturbances, and parkinso-

nian motor symptoms. The distinguishing fea-
ture between DLB and PDD is the timing of

dementia onset: In DLB, cognitive impairment

precedes or co-occurs with parkinsonian motor
syndrome, whereas in PDD the motor syn-

drome precedes cognitive decline.
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Epidemiology

The prevalence of dementia in patients living

with PD in community-based studies is report-

ed to be 30%, although the range varies from
10%–80% with the higher prevalence occur-

ring in older groups of patients and those with

longer disease duration; for example, the prev-
alence of dementia was estimated to be 83% in

patients at 20 years of PD (Hely et al. 2008). The

incidence of Parkinson disease dementia (PDD)
steadily increases with age (Savica et al. 2013).

DLB is the secondmost commondementia sub-

type after AD, affecting up to 30% of all demen-
tia patients (Zaccai et al. 2005), although amore

recent meta-analysis suggests a lower rate of

4.2% (Vann Jones and O’Brien 2014). The over-
all prevalence in the elderly population (age .

65) is 0.36% with an incidence of 0.87 cases per

1000 person-years. The mean age of DLB onset
ranges from 59 to 78 years, as determined across

several cohorts (Vann Jones and O’Brien 2014),

and the incidence peaks in the sixth decade
(Savica et al. 2013). In comparison to controls,

DLB is associated with a history of depression,

anxiety, stroke, a positive family history of PD,
and the presence of ApoE e4 alleles. In compar-

ison to AD, patients with DLB aremore likely to

be male, have higher levels of educational
attainment, and have a family history of PD

(Boot et al. 2013).

Clinical Symptoms and Diagnosis

The hallmark clinical features of DLB are de-
mentia associated with visual hallucinations,

parkinsonism, and fluctuating mental status.

The dementia of DLB tends to affect attention,
executive functions, visuospatial skills, and

memory recall.When comparedwith cognitive-

ly normal patients with PD, the parkinsonism
of DLB and PDD tends to be more axial, with

masked facies, postural instability, and gait

difficulties, whereas rest tremor is less promi-
nent (Burn et al. 2003). REM sleep behavior

disorders, dysautonomia (syncope, urinary

incontinence), psychiatric manifestations (de-
pression, delusions), and hypersensitivity to

neuroleptic medications are seen in DLB,

PDD, and other synucleinopathies (McKeith

et al. 2005). Specific delusional types are
overrepresented in DLB and PDD, including

“extracampine” hallucinations (the sensation

of a “presence” just outside their peripheral vi-
sual field) and the Capgras delusion, in which

patients believe that a person in their life has

been replaced by an imposter (Josephs 2007;
Chiba et al. 2015). One study comparing the

clinical characteristics of DLB and PDD showed

that a higher percentage of DLB patients expe-
rience hallucinations, cognitive fluctuations,

and myoclonus (Savica et al. 2013).

Diagnostic criteria for DLB were first de-
vised in 1996 and revised in 2005 by the DLB

Consortium (McKeith et al. 2005). The distinc-

tions “probable” and “possible” are made in the
criteria. Diagnosis is primarily made based

on clinical signs and symptoms, although dop-

amine imaging is also included. Clinical fea-
tures are categorized as either central, core, sug-

gestive, or supportive of DLB. Dementia is the

central feature and essential for diagnosis. Core
features include fluctuating cognition (particu-

larly attention and alertness), visual hallucina-

tions (usually well formed), and parkinsonism.
Suggestive features are REM sleep behavior

disorder, severe neuroleptic sensitivity, and a

positive DaT scan. The diagnosis of “probable”
DLB requires either two core features or one

core plus one suggestive feature, whereas “pos-

sible” DLB requires one core feature (and no
suggestive features), or one or more suggestive

features. The presence of significant vascular

disease or other confounding medical condi-
tions make the diagnosis less likely. See Box 3

for diagnostic criteria.

Diagnostic criteria for PDD were suggested
by the Movement Disorder Society Task Force

in 2007 (Emre et al. 2007) and were put into use

the same year (Dubois et al. 2007). PDD diag-
nosis requires patients to have antecedent PD

(per Queen’s Square Brain Bank criteria

[Hughes et al. 1992]) and a dementia syndrome
affecting multiple cognitive domains (atten-

tion, executive functions, visuospatial skills,

free recall memory) that is not otherwise ex-
plained by vascular disease or other medical

conditions; the presence of behavioral symp-

Clinical Neurology and Epidemiology of the Major NDs

Cite this article as Cold Spring Harb Perspect Biol 2018;10:a033118 23

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/


BOX 3. Diagnostic criteria for DLB and MSA (McKeith et al. 2005; Gilman et al. 2008)

Diagnostic criteria for dementia with Lewy bodies (DLB)

1. “Central” feature (essential for a diagnosis of possible or probable DLB)

Dementia defined as progressive cognitive decline of sufficientmagnitude to inteferewith normal
social or occupational function.

Prominent or persistent memory impairment may not necessarily occur in the early stages but is
usually evident with progression.

Deficits on tests of attention, executive fucntion, and visuospatial ability may be especially
prominent.

2. “Core” features (two core features are sufficient for a diagnosis of probable DLB, one for possible
DLB)

Fluctuating cognition with pronounced variations in attention and alertness

Recurrent visual hallucinations that are typically well-formed and detailed

Spontaneous features of parkinsonism

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

REM sleep behavior disorder

Severe neuroleptic sensitivity

Low dopamine transporter uptake in the basal ganglia shown by SPECTor PET imaging

4. “Supportive” features (commonly present but not proven to have diagnostic specificity)

Repeated falls and syncope

Transient, unexplained loss of consciousness

Severe autonomic dysfunction, for example, orthostatic hypotension, urinary incontinence

Hallucinations in other modalities

Systematized delusions

Depression

Relative preservation of medial temporal lobe structures on CT/MRI scan

Generalized low uptake on SPECT/PET perfusion scan with reduced occipital activity

Abnormal (low uptake) meta-iodobenzylguanidine (MIBG) myocardial scintigraphy

Prominent slow wave activity on electroencephalogram (EEG) with temporal lobe transient sharp
waves

5. A diagnosis of DLB is “less likely”

In the presence of cerebrovascular disease evident as focal neurologic signs or on brain imaging

In the presence of anyother physical illness or brain disorder sufficient to account in part or in total
for the clinical picture

If parkinsonism only appears for the first time at a stage of severe dementia

6. “Temporal sequence” of symptoms

DLB should be diagnosedwhen dementia occurs before or concurrentlywith parkinsonism (if it is
present). The term Parkinson disease dementia (PDD) should be used to describe dementia that

Continued
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occurs in the context of well-established Parkinson disease. In a practice setting, the term that is
most appropriate to the clinical situation should be used, and generic terms such as LB disease are
often helpful. In research studies in which distinction needs to be made between DLB and PDD,
the existing one-year rule between the onset of dementia and parkinsonism DLB continues to be
recommended. Adoption of other time periods will simply confound data pooling or comparison
between studies. In other research settings thatmay include clinicopathologic studies and clinical
trials, both clinical phenotypes may be considered collectively under categories such as LB
disease or a-synucleinopathy.

Diagnostic criteria for MSA

I. Probable MSA

A sporadic, progressive, adult (.30 yr)-onset disease characterized by

A. Autonomic failure involving urinary incontinence (inability to control the release of urine from
the bladder, with erectile dysfunction in males) or an orthostatic decrease of blood pressure
within 3 min of standing by at least 30 mm Hg systolic or 15 mm Hg diastolic and

B. Poorly levodopa-response parkinsonism (bradykinesiawith rigidity, tremor, or postural instabil-
ity) or

C. A cerebellar syndrome (gait ataxia with cerebellar dysarthria, limb ataxia, or cerebellar oculo-
motor dysfunction)

II. Possible MSA

A sporadic, progressive, adult (.30 y)-onset disease characterized by

A. Parkinsonism (bradykinesia with rigidity, tremor, or postural instability) or

B. A cerebellar syndrome (gait ataxia with cerebellar dysarthria, limb ataxia, or cerebellar oculo-
motor dysfunction) and

C. At least one feature suggesting autonomic dysfunction (otherwise unexplained urinary urgency,
frequency, or incomplete bladder emptying, erectile dysfunction in males, or significant ortho-
static blood pressure decline that does not meet the level required in probable MSA) and

D. At least one additional feature:

i. Possible MSA-P or MSA-C:

a. Babinski sign with hyperreflexia

b. Stridor

ii. Possible MSA-P

a. Rapidly progressive parkinsonism

b. Poor response to levodopa

c. Postural instability within 3 years of motor onset

d. Gait ataxia, cerebellar dysarthria, limb ataxia, or cerebellar oculomotor dysfunction

e. Dysphagia within 5 years of motor onset

f. Atrophy on MRI of putamen, middle cerebellar peduncle, pons, or cerebellum

g. Hypometabolism on FDG-PET in putamen, brainstem, or cerebellum

iii. Possible MSA-C

a. Parkinsonism

b. Atrophy on MRI of putamen, middle cerebellar peduncle, or pons

c. Hypometabolism on FDG-PET in putamen

d. Presynaptic nigrostriatal dopaminergic deneveration on SPECTor PET
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toms (apathy, mood disorder, hallucinations,

delusions, or excessive sleepiness) increase con-
fidence in the diagnosis.

Imaging

Structural MRI is useful in evaluating patients

for DLB and PDD, although its primary pur-
pose is to assess for alternative etiologies that

cause structural changes, including vascular dis-

ease, masses, or other forms of neurodegenera-
tive disease. Despite the patients’ advanced de-

mentia, MRI scans of patients with DLB and

PDD are often notable for their lack of atrophy
(especially the medial temporal lobes), particu-

larly when contrasted with AD (Barber et al.

2000; Whitwell et al. 2007; Watson et al. 2012).
Despite the lack of global atrophy, DLB has been

associated with volume loss within the mid and

posterior cingulate, superior temporo-occipital,
and lateral orbitofrontal cortices (Lebedev et al.

2013), putamen (Cousins et al. 2003), and dor-

sal midbrain (Whitwell et al. 2007), when com-
pared with AD, although the clinical utility of

these findings is undetermined.

FDG-PET findings show greater occipital
hypometabolism in DLB and PDD patients

compared with healthy controls (Perneczky

et al. 2008; Klein et al. 2010) and individuals
with AD (Okamura et al. 2001). PET and

SPECT imaging can be used to assess the integ-

rity of nigrostriatal dopaminergic pathways via
the use of tracers that specifically bind dopa-

mine (and other monoamine) transporters.

Reduced tracer uptake within the striatum
suggests dysfunction within these nigrostriatal

projections, which is seen in DLB and PDD.

Functional DaT imaging can help distinguish
DLB and PDD from AD, as the nigrostriatal

system is relatively preserved in the former

(McKeith et al. 2007; Walker et al. 2007). Cor-
tical cholinergic deficits, which are more prom-

inent in DLB and PDD than in other types of

dementia (Perry et al. 1994), have been shown
using PET with ligands that bind acetylcholin-

esterase (Klein et al. 2010); these deficits are

most pronounced in the occipital cortices.
FDG-PET studies with Pittsburgh compound

B (PiB) show greater b-amyloid deposition in

DLB than in PDD, which is consistent with high

rates of concurrent AD pathology in DLB (Ed-
ison et al. 2008). The amyloid burden is associ-

ated with cognitive impairment (Gomperts

et al. 2012).

CSF and Other Laboratory Testing

There are no clinically available laboratory

biomarkers (CSF, serum, or urine) that aid in

diagnosing DLB or PDD, although CSF a-syn-
uclein may be a potential biomarker (Mollen-

hauer et al. 2011). CSFb-amyloid and tau (total

and phosphorylated) levels can assist the diag-
nosis of AD, but given the frequency of copa-

thology, may not be useful in ruling out DLB.

Pathology

The pathologies of DLB and PDD are largely
indistinguishable and are characterized by ab-

normalities of the a-synuclein and ubiquitin

proteins, which aggregate in neurons to form
LBs and Lewy neurites (LNs) (Lippa et al.

2007). These inclusions are located within the

neocortex, limbic system, and brainstem. There
is also a high rate of copathology with AD

(McKeith et al. 2005). The presence of LBs in

the neocortex correlates with cognitive impair-
ment (Lippa et al. 2007). The distribution of LBs

tends to correlatewith symptomatology (Farlow

2016). Additionally, there is evidence that a-
synuclein may spread through the CNS in a pri-

on-like manner (Frost and Diamond 2010).

Genetics

DLB is largely considered a sporadic disorder,
although genetic factors likely play a role. The

disorder is associated with a positive family his-

tory of dementia in two-thirds of cases (Wood-
ruff et al. 2006), and the risk of DLB is 2.3-fold if

a patient has an affected sibling (Nervi et al.

2011). Although rare, familial cases have been
described (Galvin et al. 2002), and extra copies

of SNCA have been associated with inherited

forms of DLB and PDD (Obi et al. 2008). The
genetics of synucleinopathies have been recently

reviewed (Nussbaum 2017).
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Management/Treatment

Given the pronounced cholinergic deficits asso-
ciated with LB disease, acetylcholinesterase

inhibitors should be used as the first-line treat-

ment for cognitive decline (attention and
cognitive fluctuations), psychiatric symptoms

(visual hallucinations, apathy, and anxiety),

and sleep difficulties in both DLB and PDD
(Samuel et al. 2000; Emre et al. 2004; Wesnes

et al. 2005). By logical extension, anticholiner-

gic medications should be avoided. Orthostatic
hypotension, cardiac conduction arrhythmias,

and vivid dreamingmight occur or worsenwith

the use of cholinesterase inhibitors. Memantine
is of unclear benefit (Wang et al. 2015), al-

though one study showed improvement in the
clinical global impression of change score

(Aarsland et al. 2009), whereas others showed

no improvement (Leroi et al. 2009).
Dopaminergic therapy is used to treat

extrapyramidal symptoms in DLB and PDD,

although symptomatic improvement with
levodopa therapy is less than that observed

in PD. Depression and anxiety in DLB and

PDD can be treated with SSRIs or seroto-
nin and norepinephrine reuptake inhibitors

(SNRIs). Atypical antipsychotics can be bene-

ficial for psychiatric symptoms but must be
used very cautiously because of their adverse

effects on movement and cognition. Tradition-

al neuroleptics should be avoided because of
neuroleptic hypersensitivity in DLB patients.

Disease-modifying agents are not available

yet clinically.

Differential Diagnosis

The differential diagnosis of DLB and PDD

is similar to that of PD (see above) and includes

cerebrovascular disease, drug or toxin effects
(e.g., dopamine blockade, 1-methyl-4-phenyl-

1,2,5,6-tetrahydropyridine [MPTP], carbon

monoxide), metabolic disease, infectious or
postinfectious (e.g., HIV, syphilis, Whipple’s,

CJD), normal pressure hydrocephalus, and

other forms of neurodegenerative disease (espe-
cially AD) (Lippa and Possin 2016). When

cognitive symptoms predominate, differentiat-

ing DLB from AD or some FTD-spectrum dis-

orders can be challenging.

Multiple System Atrophy

Multiple system atrophy (MSA) is an a-synu-

cleinopathy with progressive symptoms that

span multiple neurologic systems, including
cognitive, autonomic, cerebellar, and both pyr-

amidal and extrapyramidal motor (Quinn

1989; Wenning et al. 1997; Geser et al. 2006;
Fanciulli and Wenning 2015). MSA is classified

into three types based on the predominant pat-

tern of motor involvement: MSA-C (olivopon-
tocerebellar atrophy), MSA-P (striatonigral

degeneration), and MSA-mixed. MSA-C is

characterized by prominent cerebellar features,
whereas MSA-P manifests with parkinsonian

symptoms. MSA-mixed has a combination of

both symptoms (Gilman et al. 2008).

Epidemiology

Themean incidence ofMSAover the age of 50 is

3 cases per 100,000 person-years (Bower et al.

1997), with a prevalence of 1.9–4.4 cases per
100,000 person-years (Schrag et al. 1999; Tison

et al. 2000). The estimated mean age of onset is

54–61 years, with a wide range (ages 31–78)
(Ben-Shlomo et al. 1997; Coon et al. 2015).

MSA-C may have an earlier age of onset com-

pared with MSA-P (58 vs. 62 years) (Coon et al.
2015). Geographically,MSA-P ismore common

than MSA-C in North America and Europe

(Gilman et al. 2005; Kollensperger et al. 2010),
although MSA-C is more common in Japan

(Watanabe et al. 2002). The median survival is

6.2–7.5 years and is shorter with older age of
onset, a parkinsonian phenotype (Ben-Shlomo

et al. 1997; Wenning et al. 2013), and early dys-

autonomia (O’Sullivan et al. 2008; Coon et al.
2015). MSA progresses faster than PD.

Clinical Symptoms and Diagnosis

Although the diagnosis of MSA often is made

at the time of motor involvement, nonmotor
symptoms (autonomic failure, respiratory, and

urogenital disorders) can precede motor symp-
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toms by years and are considered the “premotor

phase” (Jecmenica-Lukic et al. 2012). Motor
features often include parkinsonism (bradyki-

nesia, rigidity, and postural instability with

postural tremor that is poorly responsive to
dopamine replacement, cerebellar ataxia, pyra-

midal dysfunction [extensor plantar response,

hyper-reflexia], dysarthria, camptocormia, an-
terocollis, and dystonia [Kollensperger et al.

2010; Fanciulli and Wenning 2015]). Early,

prominent dysautonomia is characteristic of
MSA and can include sphincter dysfunction

(urinary incontinence, constipation), erectile

dysfunction, orthostatic hypotension, respira-
tory stridor, and sweat gland dysfunction. Cog-

nitive impairment is common and primari-

ly affects the frontal/executive, visuospatial,
memory (Stankovic et al. 2014), and emotional

regulatory systems (Kollensperger et al. 2008).

The MSA subtypes are defined by their promi-
nent motor features, parkinsonism in the case

of MSA-P and cerebellar ataxia in the case of

MSA-C.
The diagnostic criteria (Gilman et al. 2008)

for MSA are tiered (definite, probable, and

possible) based on the likelihood that the
clinical presentation aligns with the pathologic

diagnosis. A definite diagnosis requires post-

mortem pathological analysis, whereas proba-
ble and possible diagnoses are based on clinical

features. Both probable and possible MSA re-

quire the disorder to be sporadic, progressive,
and adult-onset; probable MSA is defined by

dysautonomia (urinary incontinence with erec-

tile dysfunction or orthostatic hypotension)
and either poorly dopamine-responsive parkin-

sonism (MSA-P) or a cerebellar syndrome

(MSA-C). Possible MSA requires either parkin-
sonism (may be levodopa-responsive) or cere-

bellar dysfunction, evidence of dysautonomia

(lower urinary tract symptoms, erectile dys-
function, mild orthostasis), and one additional

clinical or neuroimaging feature of the disease.

See Box 3 for diagnostic criteria.

Imaging

Structural MRI is useful to evaluate patients

with suspected MSA to identify additional eti-

ologies that may present with overlapping

symptoms (e.g., vascular disease, masses) and
also to look for characteristic features of the

disease. MSA is associated with atrophy of the

pons, cerebellum, putamen, and middle cere-
bellar peduncles, T2 hyperintensities within

the lateral putaminal rim and middle cerebellar

peduncles, and a T2 hypointensity within the
posterior putamen (Brooks et al. 2009). The

often-described “hot-cross-bun sign”—a cruci-

form hyperintensity seen in the pons on axial
T2/FLAIR sequences—reflects selective loss of

myelinated transverse pontocerebellar fibers in

the pontine raphe but preservation of the
corticospinal tracts and tegmentum (Fig. 3).

The hot-cross-bun sign, however, is not specific

to MSA and can be seen in other diseases with
overlapping cerebellar involvement, such as

many of the spinocerebellar ataxias (Brooks

et al. 2009). Although supportive, no single
MRI feature is sensitive or specific for the

Figure 3. “Hot-cross-bun” sign of multiple system
atrophy (MSA) of the cerebellar-predominant sub-
type (MSA-C). Axial T2-weighted magnetic reso-
nance imaging (MRI) of the brain of a 52-year-old
patient four years after the onset of MSA-C shows a
cruciform T2 hyperintensity in the pons called the
“hot-cross-bun sign” (indicated by arrows). Cerebel-
lum shows atrophy. Orientation is radiological. Note
that this sign is not specific for MSA, as it occurs in
other cerebellar degenerative disorders, such as some
of the spinocerebellar ataxias.
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diagnosis. On serial MRI, MSA-P is associated

with increased atrophy and iron deposition
within the putamen, compared with MSA-C

(Lee et al. 2015).

Patients with MSA show regional hypome-
tabolism within the striatum, brainstem, and

cerebellum on FDG-PET (Fulham et al. 1991;

Gilman et al. 1994). Presynaptic dopamine PET
or SPECT imaging cannot reliably distinguish

patients with MSA from patients with other

parkinsonian conditions (Brooks et al. 2009),
although asymmetric tracer uptake within the

striatum might suggest MSA rather than PD

(Perju-Dumbrava et al. 2012).

CSF and Other Laboratory Testing

There are no laboratory tests that can confirm a

diagnosis ofMSA, althoughCSF biomarkers are

under active investigation. One study found
that CSF neurofilament light-chain levels are

elevated in MSA patients compared with con-

trols and PD cases (Herbert et al. 2015). In con-
trast to PD, MSA is associated with elevated

levels of CSF DJ-1 and total tau, and the com-

bination of these proteins shows a sensitivity of
82% and a specificity of 81% in differentiating

MSA from PD (Herbert et al. 2014).

Pathology

Gross pathological features of MSA include at-
rophy within the olivopontocerebellar and

striatonigral systems and the frontal lobe. His-

tological features include neuronal loss, gliosis,
myelin loss, and axonal degeneration within the

olivopontocerebellar and striatonigral regions,

hypothalamus, and intermediolateral cell col-
umn of the spinal cord (Wenning et al. 1997).

The defining neuropathological feature of MSA

is the presence of fibrillized a-synuclein inclu-
sions within oligodendrocytes, called glial cyto-

plasmic inclusions (Papp et al. 1989; Ahmed

et al. 2012).

Genetics

MSA is considered a sporadic disorder. A recent

estimate of heritability is low, at 2% to 6% (Fed-

eroff et al. 2016). Familial formswith autosomal

dominant inheritance patterns have been re-
ported (Wullner et al. 2009; Stemberger et al.

2011), and mutations in the COQ2 gene have

been identified in cases of familial MSA (Mul-
tiple-System Atrophy Research Collaboration

2013).

Several risk factor genes have been identified
for the disease. Single nucleotide polymor-

phisms (SNPs) in SNCA were reported to be

associated with PD and MSA (Scholz et al.
2009; Simon-Sanchez et al. 2009), and muta-

tions inCOQ2were found in familialMSA cases

in Japan (Multiple-System Atrophy Research
Collaboration 2013). A recent genome-wide

association study (GWAS) showed no associa-

tion of SNCA or COQ2 genes with MSA,
although SNPs in the genes FBXO47, ELOVL7,

EDN1, and MAPT were reported (Sailer et al.

2016). The MAPT H1 haplotype was also
thought to be associated with MSA (Vilarino-

Guell et al. 2011).

Management/Treatment

There are no disease-modifying therapies that
target the underlying pathological mechanisms

of MSA; available treatments are designed to

alleviate bothersome symptoms. Despite pro-
minent features of parkinsonism inMSA, a last-

ing symptomatic response to dopaminergic

medications is minimal, although transient im-
provement with levodopa occurs in up to 40%

of patients (Kollensperger et al. 2010). A small

trial of amantadine showed a trend toward im-
provement inmotor symptoms, although it was

not significant (Wenning and Working Group

on Atypical Parkinsonism of the Austrian Par-
kinson’s Society 2005). Standard pharmacolog-

ic and nonpharmacologic strategies should be

considered to treat nonmotor symptoms and
should be used based on the severity and nature

of the symptom, including urinary symptoms

(e.g., straight catheterization for retention),
orthostatic hypotension (e.g., salt intake, mido-

drine, fludrocortisone), erectile dysfunction

(e.g., sildenafil), and stridor (e.g., continuous
positive airway pressure [CPAP]) (Fanciulli

and Wenning 2015). Enrollment in physical,
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occupational, and speech therapies is recom-

mended based on clinical symptoms.

Differential Diagnosis

The differential diagnosis for MSA-P includes

conditions that lead to parkinsonism (see dif-

ferential diagnosis for PD above).MSA-P can be
mistaken for PD, particularly early in the disease

course. Distinguishing features include early

significant autonomic failure, poor response
to dopaminergic therapy, history of REM sleep

behavioral disorders, and inspiratory stridor

(Kollensperger et al. 2008). MSA tends to have
a more aggressive course than PD and patients

become more rapidly disabled (frequent falls,

autonomic problems, and difficulties with
swallowing and speech). For MSA-C, differen-

tial diagnoses include the causes of chronic cer-

ebellar ataxias (e.g., alcohol use, vitamin E de-
ficiency, celiac disease, HIV, Whipple’s disease,

anti-GAD65 antibodies, sarcoid, prion disease

including Gerstmann–Sträussler–Scheinker
[GSS], spinocerebellar ataxias (SCAs),Wilson’s,

fragile X premutations, mitochondrial disease)
or chronic autonomic failure (e.g., small fiber

neuropathy, pure autonomic failure, antigan-

glionic nicotinic acetylcholine receptor anti-
bodies, medications).

Huntington’s Disease

Epidemiology

Huntington’s disease (HD) is an autosomal
dominant neurodegenerative disorder with

symptoms of involuntary movements, person-

ality changes, and dementia that is caused by
excessive expansion of CAG repeats in the hun-

tingtin gene on chromosome 4. HD is rare, with

a recent meta-analysis (Pringsheim et al. 2012)
estimating the service-based worldwide preva-

lence of 2.7 cases per 100,000, with higher rates

in Europe, North America, and Australia com-
pared with Asia. The incidence was estimated to

be 0.38 cases per 100,000 person-years. The

median age of diagnosis of HD is ≏40 years
(Newcombe 1981), although the timing of on-

set is partially determined by the number of

CAG repeats (Brinkman et al. 1997). Both juve-

nile (i.e., Westphal variant) (Seneca et al. 2004)
and late-onset (Myers et al. 1985) forms are

described. There are an estimated 50,000 people

withHD in theUnited States and Canada (Fish-
er and Hayden 2014).

Clinical Symptoms and Diagnosis

The hallmark symptomatology of HD is pro-

gressive dysfunction across multiple neurologic
systems, including motor, cognitive (dementia

with dysexecutive features), and psychiatric

(anxiety, irritability, aggression, disinhibition,
antisocial behaviors, apathy, psychosis). Al-

though clinical diagnosis requires motor in-

volvement, many of the nonmotor features are
present years before the onset of motor symp-

toms. Chorea (involuntary jerking, dance-like

movements involving the proximal and distal
limbs) is often the most prominent motor

symptom, although patients may be unaware

of these movements at early stages of the illness.
Othermotor symptoms include dystonia, ataxia

(gait, limb, and speech), motor impersistence,

atypical parkinsonism (bradykinesia, rigidity),
and eye movement abnormalities (slow voli-

tional saccades with delayed initiation). Pro-

gressive motor disturbances are a major cause
of life-threatening conditions such as dysphagia

(weight loss, aspiration) and falls. Weight loss is

common inHD, even before dysphagia, which is
likely due to mitochondrial dysfunction.

Cognitive impairment often develops be-

fore the onset ofmotor symptoms and is usually
present at the time of diagnosis. Cognitive

deficits primarily involve executive functions

(multitasking, planning, set-shifting, process-
ing speed, word generation, memory recall),

with cortically mediated processes such as

memory, language, and praxis relatively spared.
Patients with HD also often lack insight into

their motor and cognitive impairment. This is

reviewed elsewhere (Paulsen 2011).
Neuropsychological/behavioral symptoms

usually precede the onset of motor symptoms

and include depression, anxiety, irritability,
aggression, disinhibition, antisocial behaviors,

apathy, and psychosis (for review, see Eddy et al.
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2016). The lifetime prevalence of major depres-

sion in HD is much higher than in the general
population (ranges from20% to 56%) (Shiwach

1994; Julien et al. 2007), and HD is associated

with high rates of suicide and suicide attempts
(Di Maio et al. 1993; Paulsen et al. 2005). De-

pressive symptoms occur less frequently with

advancing stages of illness (Paulsen et al. 2005;
Thompson et al. 2012). Anxiety disorders are

common in HD and affect 13%–71% of cases,

particularly generalized anxiety disorder and
panic disorder (Dale and van Duijn 2015).

HD is associated with impairment in social

cognition and alexithymia (the reduced ability
to interpret and describe one’s internal emo-

tional state).

The diagnosis of HD is based on the pres-
ence of unequivocal motor signs of HD as

defined by the Unified Huntington’s Disease

Rating Scale (UHDRS) (Kremer et al. 1996) in
a patient who carries a known CAG-repeat ex-

panded allele (Hogarth et al. 2005; Reilmann

et al. 2014). The gold standard for genetic con-
firmation is the demonstration of CAG expan-

sion of at least 36 repeats on the huntingtin gene

on chromosome 4. Usually CAG repeats of 36
to 39 are considered reduced penetrance and

�40 repeats are fully penetrant (MacDonald

et al. 1993). Cognitive and psychiatric manifes-
tations are supportive but not essential for the

diagnosis (Roos 2010). There are ongoing at-

tempts to recategorize the disease based on
broader aspects of the natural history (includ-

ing cognitive symptoms, biomarkers, and func-

tional decline), with a recent proposed diagnos-
tic classification scheme of “presymptomatic,”

“prodromal,” and “manifest” or “motor” HD

(Reilmann et al. 2014).

Imaging

Structural MRI shows focal regions of tissue

volume loss in HD, most notably in the stria-

tum (but also in the white matter and neocor-
tex) (Fig. 4). These changes are evident in gene

carriers years before the onset of motor symp-

toms (Roos 2010) and often correlate with
CAG-repeat length. The rate of striatal volume

loss on longitudinal MRI is higher in gene car-

riers compared with controls (Aylward et al.
2011) and is predictive of the onset of motor

symptoms in gene carriers (Paulsen et al. 2014).

Neocortical atrophy can be global or focal, and
regional variability correlates with specific

symptoms (Rosas et al. 2008). Diffusion tensor

imaging methods reveal reduced white matter
integrity in the corpus callosum and reduced

fractional anisotropy in the basal ganglion in

patients with HD genetic mutations, and these
abnormalities correlate with prognosis and se-

verity of symptoms (Ross et al. 2014). FDG-PET

Figure 4. Magnetic resonance imaging (MRI) in
healthy normal subject versus patient with Hunting-
ton’s disease (HD). Coronal T2-weighted fluid-atten-
uated inversion recovery (FLAIR) MRI in (A) a
healthy control subject and (B) an HD patient. (A)
A 68-year-old healthy individual shows normal cau-
date size (indicated by arrows). (B) A 67-year-old
patient with moderate stage HD, 7 years after onset
shows diffuse cortical atrophy with disproportionate
caudate atrophy (arrows) and corresponding enlarge-
ment of the lateral ventricles. Orientation is radiolog-
ical.
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shows hypometabolism within the striatum

(Feigin et al. 2001). The neuroimaging of HD
is reviewed elsewhere (Niccolini and Politis

2014; Ross et al. 2014).

CSF and Other Laboratory Testing

Genetic testing is the gold standard for the mo-
lecular diagnosis of HD. There are currently no

validated CSF or serum biomarkers of HD

pathology, although this is an area of active in-
vestigation.

Pathology

Gross pathological changes in HD include atro-

phy in the striatum, cerebral cortex, and sub-
cortical white matter. The hallmark microscop-

ic pathological features include medium spiny

neuronal loss within the striatum (caudate
more than putamen) and regions of the cerebral

cortex. In advanced cases, there is more wide-

spread neuronal loss, including within the cer-
ebellum, thalamus, hippocampus, and brain-

stem nuclei (Heinsen et al. 1994; Vonsattel

and DiFiglia 1998; Rub et al. 2013, 2014).

Genetics

The chromosomal location of the huntingtin

gene was discovered in 1983 (Gusella et al.

1983) and was characterized as a disorder of
CAG-repeat expansion in 1993 (MacDonald

et al. 1993). It is inherited with an autosomal

dominant pattern. In non-HD controls, the av-
erage number of CAG repeat units within the

huntingtin gene is 17 to 20. Phenotypic HD

often occurs when the number of CAG repeat
units expands to 36 and does so invariably when

the number reaches 40 or greater. Although HD

is rarely seen when the number of repeat units is
27 to 35, this intermediate number makes the

allele genetically unstable and apt to expand

further in successive generations (e.g., genetic
anticipation), and makes future generations at

risk of having fully penetrant HD. The rate of

expansion with successive generations can be
higher with paternal inheritance. Genetic antic-

ipation is a hallmark of the disease. Increasing

numbers of CAG repeat units correlate with dis-

ease severity (Rosenblatt et al. 2006) and earlier
onset (Lee et al. 2012).

Management/Treatment

HD has no cure or disease-modifying agents,

and, therefore, treatment only alleviates symp-
toms. The benefits of treatment need to be care-

fully balanced with any potential side effects.

Both pharmacologic and nonpharmacologic
strategies can be used to achieve this end. Several

reviews of symptomatic treatments and phar-

macotherapy for HD are available (Ross and
Tabrizi 2011; Eddy et al. 2016).

Chorea requires treatment when a patient’s

safety, quality of life, or functionality is affected.
The American Academy of Neurology recently

recommended the most effective treatments for

HD-associated chorea (Armstrong et al. 2012).
The first-line therapy is tetrabenazine, which is

effective and Food and Drug Administration

(FDA)-approved for the condition, and it acts
mechanistically by decreasing the levels of

dopamine (and serotonin/norepinephrine).
Adverse effects include parkinsonism, depres-
sion, and suicide. Benzodiazepines and aman-

tadine may be effective as well. There is insuffi-

cient data to support the use of neuroleptics,
although anecdotal reports suggest they may

have a potential benefit; any benefit, however,

needs to be weighed against the risk of cardiac
arrhythmia and somnolence. In clinical prac-

tice, however, atypical neuroleptics are com-

monly used to treat chorea, as well as concom-
itant psychiatric symptoms should they occur.

Dopaminergic agents used to treat PD are

usually effective in patients with the Westphal
variant of HD, which typically presents with

parkinsonism and not chorea.

Treating the psychiatric manifestations of
HD can improve quality of life for patients

and their loved ones. SSRIs have been used to

treat anxiety, depression, irritability, persevera-
tive thinking, and apathy. Neuroleptics (Squi-

tieri et al. 2001) and benzodiazepines (Orth

et al. 2011) have also been used to treat anxiety.
Additionally, neuroleptics can help manage

psychosis (Orth et al. 2011). In severe cases,
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electroconvulsive therapy has been effective for

refractory depression (Cusin et al. 2013). Ace-
tylcholinesterase inhibitors (e.g., donepezil, ri-

vastigmine, memantine) have not been shown

to improve cognition in HD patients, although
these compounds may be effective in some

patients. Nonpharmacologic strategies such as

physical therapy, occupational therapy, speech
therapy, use of walkers, home safety evaluations,

dietary consultation, structured daily schedules,

and social work services are all imperative, par-
ticularly as the disease progresses.

Differential Diagnosis

The differential diagnosis for HD includes psy-

chiatric disease, other dementias, and causes of
chorea. The differential diagnosis for chorea is

broad and includes genetic disorders such as

benign hereditary chorea, C9ORF72mutations,
spinocerebellar ataxias (including Machado-

Joseph disease), neuroacanthocytosis, dentator-

ubropallidoluysian atrophy (DRPLA), and
Wilson disease; rheumatic disorders such as

Sydenham chorea and chorea gravidarum; less

commonly, infectious disorders such as HIV
and CJD; systemic disorders such as systemic

lupus erythematosus and thyrotoxicosis; neo-

plastic/paraneoplastic conditions such as poly-
cythemia vera or antibody-mediated disorders;

and medication side effects such as from neuro-

leptics, oral contraceptives, phenytoin, levodopa,
and cocaine. Obtaining an accurate family histo-

ry, including knowledge of early death, gait dis-

orders, and psychiatric illness, is important in
the examination. In one study, ≏1% of the cases

clinically diagnosed as HD did not have CAG-

repeat expansion of the huntingtin gene andwere
caused by other conditions (e.g., HD pheno-

copy), including HDL1, HDL2, HDL3, SCA17,

and SCA 1/2/3 (Roos 2010).
HD pathogenesis and therapies have been

recently reviewed (Jimenez-Sanchez et al.

2016; Pearce and Kopito 2017).

CONCLUDING REMARKS

Neurodegenerative diseases are a common

cause of cognitive impairment in older adults.

Diagnosing dementia can be difficult, but iden-

tifying certain key features or findings that we
have discussed above can facilitate a correct

diagnosis. Although there are no cures or dis-

ease-modifying therapies currently available for
any of these conditions, treatment trials are un-

derway. With the understanding that many of

these diseases share prion-like properties, this
knowledge might be a large step forward in pre-

venting or halting the disease process.
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