Chapter 13
Progressive Apraxia of Speech and Primary
Progressive Aphasias

Keith A. Josephs and Jennifer L. Whitwell

Abstract Apraxia of speech (AOS) is a motor disorder that occurs as a result of
impairment in the planning or programming of movements for speech production.
It is typically associated with cerebrovascular events, although it can also occur in
the context of neurodegeneration where its importance has typically been deempha-
sized to “just a component of a presenting syndrome.” Primary progressive aphasia
(PPA) is such a syndrome in which AOS coexists with other linguistic deficits, typi-
cally agrammatic aphasia. Recently, however, AOS has been demonstrated to occur
in a pure or isolated form, known as primary progressive apraxia of speech (PPAOS),
reaffirming the importance of neurodegenerative AOS. Furthermore, anatomic and
pathologic associations differ between AOS-dominant syndromes and PPA variants.
Understanding the relationship between AOS-dominant variants, including PPAOS
and PPA, and their relationship to movement disorders including corticobasal
degeneration and progressive supranuclear palsy, is important and will be the focus
of this chapter.
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Part I Clinical
Apraxia of Speech

Apraxia of speech (AOS) is a type of motor speech disorder that occurs as a result
of a defect in the planning and programming of speech production (Darley et al.
1975). Apraxia of speech has characteristics that are distinct from dysarthria,
another type of motor speech disorder. Dysarthria, unlike AOS, reflects a defect of
neuromuscular function (Darley et al. 1969). The salient features of AOS are sound
production errors that may include any combination of distorted sound substitu-
tions, additions, prolongations, and truncations. Articulation is effortful and is asso-
ciated with groping and uncoordinated movements of buccolingual structures.

Apraxia of speech has been most commonly associated with cerebrovascular
events in which the onset is acute and severity maximum. More recently, however,
there has been increased interest in AOS that is progressive in nature (Duffy 2006,
2013). Progressive AOS (PAOS), unlike AOS due to cerebrovascular events, is char-
acterized by a general worsening of AOS features; errors in speech production
become more frequent and more severe over time (Table 13.1). As a result, verbal
communication becomes more problematic. Ultimately, patients with PAOS become
anarthric and are no longer able to verbally communicate.

Progressive Apraxia of Speech

Progressive AOS is one of the cardinal features of a neurodegenerative disorder and
should be viewed in the same light as progressive memory loss or progressive gait
impairment. Progressive AOS can co-occur with other cognitive and motor features
and hence be a component of a neurodegenerative syndrome. In fact, it may be the
most prominent component of the syndrome. Recently, it has been demonstrated that
PAOS can be an isolated feature at presentation and hence can exist in a pure form
in the absence of other cognitive and motor features (Josephs et al. 2012). When
PAOS occurs in isolation, we used the term primary progressive apraxia of speech
(PPAOS) (Duffy 2006; Josephs et al. 2012) (Table 13.1). Patients with PPAOS or
PAOS, in which AOS is the most salient feature, will decline over time, and some-
times other cognitive and motor deficits will develop, resulting in the emergence of
a variety of progressive clinical syndromes (Fig. 13.1). Most commonly, it appears
that patients with PAOS or PPAOS later develop difficulty with balance and gait,
aphasia, limb praxis, Parkinsonism, and eye movement abnormalities (Broussolle
et al. 1992; Josephs et al. 2006a). In fact, it has been observed that some patients
that initially presented with PAOS later develop features of progressive supranu-
clear palsy syndrome (PSPS) or corticobasal syndrome (CBS) (Josephs et al. 2006a;
Josephs and Duffy 2008). Such patients tend to have limb coordination problems,
may begin to fall, and may ultimately become wheel chair bound. Another subset
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Table 13.1 Clinical definitions and demographics based on a cohort of 100 subjects

Mean age  Gender

Clinical syndrome Definition at onset dominance

Primary progressive Apraxia of speech is the only feature 69 Female
apraxia of speech present and is characterized by
(PPAOS) distorted sound production

Progressive apraxia of ~Apraxia of speech is the most prominent 67 Male
speech (PAOS) feature. Additional motor, cognitive, or

language features are present but are
less prominent

Agrammatic variant of Agrammatic aphasia is the only feature 66 Equal
primary progres- present or the most prominent feature.
sive aphasia Apraxia of speech may be present but is
(agPPA) less prominent

Semantic variant of Syndrome characterized by poor naming 64 Equal
primary progres- and loss of word meaning.
sive aphasia
(svPPA)

Logopenic variant of ~ Syndrome characterized by poor naming 63 Equal
primary progres- without loss of word meaning, poor
sive aphasia sentence repetition, and phonological
(IvPPA) errors

Corticobasal syndrome Syndrome characterized by asymmetric N/A N/A
(CBS) ideomotor apraxia, dystonia, parkinson-

ism, and cortical sensory loss. Apraxia
of speech and agrammatic aphasia may

be present.
Syndrome + motor Features of apraxia of speech or agram- N/A N/A
neuron disease matic aphasia are accompanied by

features of motor neuron disease, such
as spastic and flaccid dysarthria, tongue
and limb fasciculation, weakness,
hyperreflexia, and Babinski sign

Presenting symptoms Progressive syndrome Presenting symptoms

PPAOS

PAOS

agPPA

Fig. 13.1 demonstrates how patients presenting with apraxia of speech variants progress over time.
AOS apraxia of speech, agPPA agrammatic variant of primary progressive aphasia, PAOS progressive
apraxia of speech (i.e., AOS >>other cognitive and motor features), PPAOS primary progressive apraxia
of speech (AOS only), CBS corticobasal syndrome, PSPS progressive supranuclear palsy syndrome
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of patients with dominant AOS or PPAOS develops agrammatic aphasia in written
and spoken form (Josephs et al. 2006a). In such instances, the AOS remains more
prominent than the aphasia.

Syndromes Associated with Progressive Apraxia of Speech

Progressive apraxia of speech may coexist with other cognitive and motor deficits.
In some instances, the PAOS is the most prominent feature of the presenting syn-
drome. In such instances, the chief complaint is usually that of speech problems;
other presenting features are more subtle and at times may only have been identified
during the neurological and/or speech and language evaluation. In other instances,
when AOS coexists with other cognitive and/or motor deficits, the other features of
the syndrome overshadow the AOS. Typically, when this occurs, the chief complaint
is related to one of the other symptoms and the AOS tends to be mild. Two syn-
dromes that are worth discussing in detail in which PAOS commonly occurs early in
the disease course are primary progressive aphasia (PPA) and CBS.

Primary Progressive Aphasia

The term primary progressive aphasia (PPA) is used in situations in which there is a
progressive disorder characterized by impairment of specific aspects of language
function (Mesulam 1982, 2001). These include grammar, naming, single word com-
prehension, sentence comprehension, and repetition. Three subtypes of PPA are
now recognized (Table 13.1).

Agrammatic Variant of PPA

The first subtype of PPA is the agrammatic variant (agPPA) (Gorno-Tempini et al.
2011). Agrammatic PPA is a syndrome in which the most salient feature is that of
agrammatism in language production. This may be observed in spoken or written
form. In agrammatic PPA, function words and articles may be conspicuously absent,
e.g., “Man fishing with wife on dock. Boat goes by she waves to them.” Importantly,
patients with agPPA commonly also exhibit PAOS (Ogar et al. 2005). Hence, agPPA
is typically characterized by the presence of agrammatic aphasia of greater severity
than the accompanying PAOS (Josephs et al. 2013a). Examination shows little defi-
cits in naming and in sentence repetition for content words, as well as difficulty
understanding complex sentence structures, e.g., “put the brown newspaper under
the blue book in the middle drawer.” Importantly, given that PPA is a disorder of
language, a diagnosis of PPA should only be made when language impairment, not
AQS, is the most prominent feature of the syndrome (Mesulam 2003).
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Semantic Variant of PPA

The second subtype of PPA is the semantic variant (svPPA) (Gorno-Tempini et al.
2011; Warrington 1975). In svPPA, the speech output is fluent and may even be
excessively verbose. However, with more careful attention to what is actually being
said, it becomes apparent that the patient is being circumloquacious in order to
avoid certain words that no longer has specific meaning to the patient. Therefore,
specific words may be absent in general conversation and replaced with more gen-
eral words for the item or object being described, e.g., the patient may say animal
instead of hyena or flower instead of hibiscus. There may also be reference to the
fact that the patient no longer understands the meaning of certain words; the patient
may no longer know what the word lapel means and hence will not be able to tell
how a lapel is different from a collar. Examination shows poor naming and loss of
single word meaning and comprehension (Hodges and Patterson 2007). Unlike in
agPPA, AOS rarely, if ever, coexists with svPPA.

Logopenic Variant of PPA

The third subtype of PPA is the logopenic variant (IvPPA) (Gorno-Tempini et al.
2004, 2011). In IvPPA, the speech output may be fluent, but it may also be character-
ized by hesitancy as the patient pauses and searches for words. However, unlike in
svPPA, patients with IvPPA can easily recognize the item when the name is provided
by the examiner, and hence the patient has not lost word meaning. Memory loss is
also often a common complaint in patients with IvPPA. Like in svPPA, patients with
IvVPPA perform poorly on naming tasks but there is no loss of word meaning.
Examination also reveals poor repetition of sentences with loss of words or replace-
ment of exact content words. One additional feature of IvPPA is the production of
sound errors known as phonological or phonemic errors. With phonological errors,
one sound is produced for another, e.g., sesipic instead of specific. Importantly,
unlike in AOS, the sounds are not distorted. It can be difficult at times to distinguish
AOS errors from phonological errors, resulting in patients with IvVPPA being misdi-
agnosed as having PAOS and vice versa. Apraxia of speech rarely occurs in IvPPA.

Corticobasal Syndrome

Apraxia of speech and agrammatic aphasia, occurring together or separately, can be
early features of corticobasal syndrome (CBS) (Josephs et al. 2006a; Josephs and
Dufty 2008; Assal et al. 2012; Kertesz et al. 2005). As described in the CBS chapter,
CBS is diagnosed in a patient presenting with asymmetric signs and symptoms indica-
tive of cortical and basal ganglia dysfunction. Patients with CBS may present with
asymmetric ideomotor apraxia, cogwheel or gegenhalten rigidity, bradykinesia, action
myoclonus, dystonia, astereognosis, and agraphesthesia (Armstrong et al. 2013).
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Patients with CBS, who also have AOS, are more likely to show right limb asymmetry,
i.e., the right side is the more affected side, and often also have agrammatic aphasia.
In CBS in which AOS or agrammatic aphasia are present, the presenting complaint is
usually that of limb dysfunction, as opposed to speech difficulties, although both may
be mentioned as being experienced by the patient.

Overlap with Motor Neuron Disease

Although we have described these syndromes as being relatively pure, it needs to be
recognized that these clinical syndromes can also be associated with motor neuron
disease (MND) (Caselli et al. 1993; Coon et al. 2011; Czell et al. 2013; da Rocha
et al. 2007) (Table 13.1). However, in such instances, the syndrome is also charac-
terized by the presence of flaccid and spastic dysarthria. In fact, it is the dysarthrias
that are most likely to be the dominant feature on examination, not the AOS nor the
aphasia. Therefore, in the absence of flaccid and spastic, or just flaccid dysarthria,
MND is unlikely to be identified. One large series identified patients with AOS that
had MND (Duffy et al. 2007). However, all of the patients had coexisting spastic
and flaccid dysarthria (Duffy et al. 2007). Motor neuron disease almost never coex-
ists with IvPPA and only very rarely coexists with svPPA. In the latter case, a rare
association of svPPA and pure upper MND, i.e., no anterior horn cell disease, has
been described (Josephs et al. 2013b).

Movement Disorders Associated with Apraxia of Speech
and Primary Progressive Aphasia

Apraxia of speech can be associated with movement disorders, although the move-
ment disorder identified tends to be a syndrome as opposed to being an isolated fea-
ture. We previously discussed the association of AOS and CBS at presentation;
patients with AOS may also show features of CBS and PSPS with disease progres-
sion. When this occurs, the patient is usually 5 years out from onset. It is rare, how-
ever, for the classic syndrome of PSPS to co-occur with AOS at presentation
(Whitwell et al. 2013a). When PSPS features develop in patients that originally pres-
ent with PPAOS or PAOS, they tend to be milder than what is typically observed in
PSPS that starts off with balance problems and eye movement abnormalities.
However, slowing of vertical eye movements, balance problems, and falls become
more prevalent and severe over time in patients presenting with PPAOS or PAOS.
Similarly, patients with PPAOS or PAOS may show the emergence of ideomotor
apraxia after many years (Josephs et al. 2006a, 2012). Of the three PPA syndromes,
agPPA is the one most likely to also develop features of CBS and PSPS over time
(Kertesz et al. 2005). In fact, ideomotor apraxia has been shown to be more common
in agPPA than IvPPA (Adeli et al. 2013). Parkinsonian features such as rigidity and
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bradykinesia are relatively common later on in the disease course in PPAOS and
PAOS. In PPA, almost 30 % of patients present with at least one parkinsonian sign,
such as bradykinesia, rigidity, tremor, postural instability, or gait disturbance (Kremen
et al. 2011). Parkinsonian features are more common in agPPA than 1vPPA and are
almost absent in svPPA (Graff-Radford et al. 2012; Kremen et al. 2011). Dystonia is
much less common but may also be observed later on in the disease course.
Hyperkinetic movements can also occur, although resting tremor is rare. Asymmetric
limb myoclonus can occur later on in the disease course in patients who later develop
the CBS. Stereotypies and ticks have not been emphasized in PPA, PPAOS, or PAOS.

Part II Anatomy

Anatomy of Progressive Apraxia of Speech

Routine clinical studies in patients with PAOS have not been very helpful in identi-
fying the anatomic correlate of PAOS. However, studies using research-based imag-
ing techniques performed using groups of patients have demonstrated that PAOS is
associated with the premotor cortex. Structural magnetic resonance imaging (MRI)
studies using voxel-level techniques, such as voxel-based morphometry, in patients
with PPAOS have shown focal patterns of grey matter atrophy involving the supe-
rior premotor and supplemental motor cortices (Josephs et al. 2012; Whitwell et al.
2013a). White matter atrophy is also observed in the premotor cortex, underlying
regions of grey matter loss, but tends to also involve inferior premotor regions.
Detailed analysis of white matter tracts using diffusion tensor imaging (DTI) has
shown that PPAOS is associated with degeneration of premotor aspects of the supe-
rior longitudinal fasciculus and the body of the corpus callosum (Josephs et al.
2012). Hypometabolism on 18-F fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) scans is also observed in the superior premotor cortices in patients
with PPAOS (Fig. 13.2a), although hypometabolism on FDG-PET can be very mild,
or even absent, in some patients (Josephs et al. 2012).

Imaging findings in patients with PPAOS overlap to some degree with those asso-
ciated with PSPS, with both syndromes showing atrophy and hypometabolism in the
premotor cortex and degeneration of the superior longitudinal fasciculus and body of
the corpus callosum (Whitwell et al. 2011, 2013a; Knake et al. 2010; Josephs et al.
2008). However, in contrast to PPAOS, patients with PSPS typically show greater
involvement of the prefrontal cortex and striking atrophy in the midbrain (Whitwell
et al. 2013a). Mild midbrain atrophy has however been observed in patients with
PPAOS, likely reflecting the fact that these patients often develop clinical features of
PSPS (Whitwell et al. 2013a). In patients with both PAOS and agrammatic aphasia,
where the AOS is the more dominant feature, VBM and FDG-PET studies show
involvement of the superior premotor cortex extending into the middle and inferior
premotor regions (Fig. 13.2b) (Josephs et al. 2013a). This finding suggests that the
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Fig. 13.2 demonstrates focal hypometabolism of the left superior premotor cortex in a patient
with PPAOS (a) with extension of the hypometabolism into middle and inferior premotor cortices
in a patient with PAOS (AOS >agrammatic aphasia) (b)

agrammatic aphasia component is associated with involvement of the inferior pre-
motor cortex. Indeed, correlations have been observed between volume and metabo-
lism in the inferior premotor cortex, particularly the pars triangularis which forms
part of Broca’s area, and the severity of agrammatic aphasia (Whitwell et al. 2013b).
In contrast, the severity of AOS has been shown to correlate to volume of the supe-
rior premotor cortex (Whitwell et al. 2013b). These findings show that AOS and
agrammatic aphasia have distinct neuroanatomical underpinnings.

Anatomy of Primary Progressive Aphasia

Each of the three variants of PPA shows distinct regional abnormalities within the
frontotemporal and parietal cortices. In agPPA, routine brain MRI scans reveal atro-
phy of the left inferior frontal lobe with widening of the left perisylvian fissure
(Fig. 13.3a). Research studies demonstrate atrophy and hypometabolism on FDG-
PET throughout the left premotor cortex (Fig. 13.3b) but also with involvement of
the left insula, striatum, lateral temporal lobes, and often other regions in the left
frontal and parietal lobes (Josephs et al. 2006a, 2010; Gorno-Tempini et al. 2004;
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Grossman et al. 2004; Rohrer et al. 2009). Patterns observed in patients with agPPA
are typically more widespread than those observed in patients with PAOS. Relatively
widespread patterns of white matter tract degeneration have also been observed in
agPPA, involving the superior longitudinal fasciculus, corpus callosum, anterior
cingulate, inferior frontal-occipital fasciculus, and temporal lobe tracts such as the

T\

Fig. 13.3 demonstrates the abnormalities that can be identified on MRI and FDG-PET in patients
with the different variants of PPA. In (a), a patient with agPPA shows widening of the left perisyl-
vian area, while in (b), FDG-PET shows premotor cortical hypometabolism, as well as hypome-
tabolism in left temporal and even parietal cortices. On MRI (c¢) there is left>right anterior medial
temporal lobe atrophy which is also seen on the FDG-PET scan (d) in a patient with svPPA. A
patient with the IvPPA variant shows left parietal atrophy on MRI (e), while FDG-PET shows left
temporal and parietal hypometabolism (f)
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Fig. 13.3 (continued)

uncinate fasciculus and inferior longitudinal fasciculus (Galantucci et al. 2011;
Schwindt et al. 2013; Whitwell et al. 2010a; Grossman et al. 2013). White matter
tract degeneration is typically asymmetric, with greater involvement of the left
hemisphere. Patients with agPPA and parkinsonism can also show glucose hypome-
tabolism in the bilateral dorsal and left ventral midbrain (Roh et al. 2010).

In svPPA, there is a distinct pattern of anterior medial temporal lobe atrophy that
is easily detected with routine MRI scans (Fig. 13.3c). Atrophy typically targets the
fusiform and inferior temporal gyri, although atrophy is also observed in the hippo-
campus, amygdala, entorhinal cortex, and middle temporal gyrus (Chan et al. 2001;
Galton et al. 2001; Mummery et al. 2000). This pattern of abnormality is also
observed on FDG-PET scans (Fig. 13.3d). White matter tract degeneration on DTI
predominantly involves temporal lobe tracts, particularly the uncinate fasciculus and
anterior regions of the inferior longitudinal fasciculus (Schwindt et al. 2013;
Whitwell et al. 2010a; Acosta-Cabronero et al. 2012; Agosta et al. 2010; Zhang et al.
2009; Mahoney et al. 2013). The inferior longitudinal fasciculus has been shown to
be involved to a greater degree in svPPA than both agPPA and IvPPA (Hodges and
Patterson 2007; Assal et al. 2012). The left temporal lobe is usually affected more
than the right (Chan et al. 2001; Galton et al. 2001; Mummery et al. 2000), although
equal involvement of left and right temporal lobes can be observed, particularly later
in the disease course when the right side has “caught up with” the left side. Patients
with right greater than left sided atrophy and hypometabolism typically present with
behavioral dyscontrol and loss of facial recognition (Chan et al. 2009; Edwards-Lee
et al. 1997; Thompson et al. 2003; Josephs et al. 2009a), instead of PPA. Patients
often also show atrophy and hypometabolism in the orbitofrontal cortices.

Patients with 1IvPPA also have distinct and characteristic patterns of atrophy,
with routine head MRI showing atrophy of the left lateral temporal and parietal
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lobes (Fig. 13.3e). Group MRI studies and FDG-PET (Fig. 13.3f) show striking
involvement of the left lateral temporal and parietal lobes but can also show involve-
ment of the precuneus, frontal lobes, and even the occipital lobes (Gorno-Tempini
et al. 2004; Josephs et al. 2010; Madhavan et al. 2013; Ridgway et al. 2012). The
medial temporal lobe is usually relatively spared. The right temporal and parietal
lobes may be abnormal but are nearly always less affected than the left. White mat-
ter tract degeneration can be observed on DTT affecting temporal and parietal tracts,
including the left inferior longitudinal fasciculus, uncinate fasciculus, and superior
longitudinal fasciculus (Armstrong et al. 2013; Graff-Radford et al. 2012).

Anatomy of Corticobasal Syndrome with Apraxia of Speech

The pattern of atrophy or hypometabolism observed in patients presenting with
CBS and AOS is similar to the pattern observed in patients presenting with CBS
without AOS. The same is true regardless of whether agrammatic aphasia is present.
In both instances, i.e., AOS is absent or present, patients show involvement of the
premotor cortex, often with extension into the prefrontal cortex and sometimes into
the superior parietal lobe (Josephs et al. 2008; Grossman et al. 2004; Boxer et al.
2006; Huey et al. 2009; Whitwell et al. 2010b; Groschel et al. 2004). The striatum
can also be heavily affected. Atrophy and hypometabolism are often asymmetric,
involving the hemisphere contralateral to the side of the greatest affected limb
(Whitwell et al. 2010b; Koyama et al. 2007; Soliveri et al. 1999). White matter tract
degeneration is also asymmetric and involves frontoparietal association fibers as
well as the body and splenium of the corpus callosum (Borroni et al. 2008).
Therefore, patients presenting with CBS with AOS will show greater abnormalities,
especially in prefrontal regions, compared to patients with PPAOS or PAOS that
later develop features of CBS, at least earlier in the disease course.

Part III Pathology

Pathological Overview

Over the last decade, many investigators interested in AOS and PPA have assessed
the pathological processes associated with these different syndromes (Josephs et al.
2005, 2006a, b; Mesulam 2001; Kertesz et al. 1994, 2005; Davies et al. 2005; Galton
et al. 2000; Graff-Radford et al. 1990; Greene et al. 1996; Hodges et al. 2004; Knibb
et al. 2006; Knopman et al. 1990; Lang 1992; Lippa et al. 1991; Wechsler et al.
1982). Unfortunately, it is very difficult to interpret some of these older studies
since subjects were not separated by phenotype or syndrome and instead were all
lumped as PPA, including those with PAOS and PPAOS. Regardless, these older
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studies demonstrated that the pathological processes associated with PPA were
not homogeneous. Taken together, these studies demonstrated that many different
pathologies, including Alzheimer’s disease (Kertesz et al. 2005; Galton et al. 2000;
Greene et al. 1996; Knibb et al. 2006), accounted for PPA. Another problem with
older studies was the fact that modern immunohistochemistry techniques were not
performed, and even if they were performed, they were incomplete, at least com-
pared to more recent studies.

With the advent of immunohistochemistry, and recent discoveries of different
proteins that are associated with dementia in general, pathologists have a better grasp
on the biochemistry and the pathological processes that are associated with these
syndromes. Therefore, current classification first separates Alzheimer’s disease from
non-Alzheimer’s disease pathologies. Non-Alzheimer’s disease pathologies are then
further separated under the broad categories of synucleinopathies, tauopathies, and
TDP-43 proteinopathies (Dickson 2003). Synucleinopathies are not discussed in this
chapter but include multiple system atrophy and Lewy body diseases (Dickson
2003); Lewy bodies are rarely found in PPA patients (Caselli et al. 2002). Further
subclassification of the tauopathies exists and includes diseases in which tau is the
predominant abnormal protein identified histologically (Josephs et al. 2011).
Therefore, tauopathies include progressive supranuclear palsy (PSP) (Hauw et al.
1994), corticobasal degeneration (CBD) (Dickson et al. 2002), Pick’s disease with
Pick’s bodies (PiD) (Dickson 2001), and frontotemporal dementia with Parkinsonism
linked to chromosome 17 (FTDP-17) (Ghetti et al. 2003). Similarly the TDP-43
proteinopathies are subclassified in types A-D (Mackenzie et al. 2011). For both
tauopathies and TDP-43 proteinopathies, subclassification is based on the distribu-
tion of the inclusions, as well as the morphological appearances of the inclusions.

Clinicopathological Associations

There is no one-to-one relationship between the clinical syndromes described in this
chapter and the pathologies discussed here. However, there are strong associations
(Josephs et al. 2011) (Table 13.2). The clinical syndrome of PPAOS, for example, is
strongly associated with tauopathies (Josephs et al. 2006a, 2011; Deramecourt et al.
2010). Although published studies are lacking, clinical evidence suggests that of
the tauopathies that can be associated with PAOS and PPA, PPAOS is most strongly
associated with PSP pathology, less so CBD and PiD (Josephs et al. 2006a). Similar
to PPAOS, PAOS is also associated with tauopathies. However, PAOS may be
more strongly associated with CBD pathology than PSP pathology (Josephs et al.
2006a). The three variants of PPA appear to also have a strong association with
certain pathologies. The svPPA is strongly associated with TDP-43 proteinopa-
thies and is almost always associated with type C pathology (Josephs et al. 2009b;
Mackenzie et al. 2006; Snowden et al. 2007). The 1vPPA is strongly associated with
Alzheimer’s disease pathology (Mesulam et al. 2008). In fact, some investigators
have argued not to include 1vPPA in the discussion of AOS and PPA since the other
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Table 13.2 Clinicopathological associations

Clinical syndrome Most likely pathology  Other pathologies

Primary progressive apraxia Progressive supra- Corticobasal degeneration and
of speech (PPAOS) nuclear palsy Pick’s disease

Progressive apraxia of speech Corticobasal Progressive supranuclear palsy
(PAOS) degeneration and Pick’s disease

Agrammatic variant of primary TDP type A Progressive supranuclear palsy
progressive aphasia (agPPA) and corticobasal degeneration

Semantic variant of primary TDP type C TDP type A, Alzheimer’s disease
progressive aphasia (svPPA)

Logopenic variant of primary Alzheimer’s disease TDP type A
progressive aphasia (IvPPA)

Syndrome + motor neuron disease TDP type B TDP type A

variants are associated with non-Alzheimer’s disease pathologies, while IvPPA is
associated with Alzheimer’s disease. Unfortunately, not all IvPPA patients have
Alzheimer’s disease pathology (Mesulam et al. 2008) which is the counterargument
to include IvPPA in such discussions. There is a small subset of IvPPA patients that
shows TDP-43 proteinopathy, similar to svPPA (Mesulam et al. 2008). However,
unlike svPPA that is associated with TDP-43 type C pathology, IvPPA when associ-
ated with TDP-43 pathology is associated with TDP-43 type A pathology (Josephs
et al. 2009b). The most complicated syndromic pathologic association to explain is
that of agPPA. Currently, it is unclear whether agPPA, as defined in this chapter, is
strongly associated with any one pathology. In most cases, agPPA includes patients
with and without AOS, and in such instances both tau and TDP-43 pathologies
have been identified (Snowden et al. 2007; Mesulam et al. 2008). Weak evidence
suggests that agPPA in which AOS is present may be more strongly associated
with tauopathies, particularly CBD, while agPPA in which AOS is absent is more
strongly associated with TDP-43 proteinopathy, especially TDP-43 type A. It is also
worth mentioning that if any of the syndromes described in this chapter are associ-
ated with features of MND, then the underlying pathology is most likely to be that
of TDP-43 type B (Josephs et al. 2009b, 2011; Mackenzie et al. 2006; Snowden
et al. 2007). Therefore, in the presence of flaccid and spastic dysarthria, TDP type
B pathology must be strongly suspected. Future studies are also necessary to assess
clinicopathological associations in those PPA patients with parkinsonism.

Part IV Genetics

There are no genetic abnormalities that completely account for any one of the syn-
dromes discussed in this chapter. However, there have been reports of patients with
a genetic abnormality, namely, a mutation in the progranulin gene on chromosome
17, that have presented with PPA (Mesulam et al. 2007; Mukherjee et al. 2006;
Rohrer et al. 2010; Kelley et al. 2009). Most of these reports did not further classify
the PPA into one of the three variants. However, patients with progranulin gene
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mutations are almost always fluent and hence have features that overlap with svPPA
and 1vPPA. To our knowledge, there are no definitive, well-characterized patients
with PPAOS or PAOS that have had a mutation in the progranulin gene. Recently,
there have also been a handful of patients with PPA that have been found to have a
repeat expansion in the C9ORF72 gene (Simon-Sanchez et al. 2012; Snowden et al.
2006, 2012; Mahoney et al. 2012). Other investigators with large cohorts of patients
with C9ORF72 repeat expansions, however, have not identified patients with PPA
(Boeve et al. 2012). There are no reports of the repeat expansion accounting for the
PPAOS or PAOS phenotypes. Most patients with FTDP-17, i.e., with a mutation in
the microtubule associated protein tau gene, have not commonly presented with any
of the clinical syndromes discussed in this chapter. There are a few reports of
patients presenting as svPPA, although it is unclear whether these patients were
truly svPPA or whether they had a behavioral presentation in which naming was
also affected as part of the behavioral syndrome (Pickering-Brown et al. 2008).

Summary

There are many different clinical syndromes in which a motor speech disorder or apha-
sia is the defining feature. In some instances, the motor speech disorders and aphasia
co-occur. Howeyver, it is important not to lump all these features under the heading of
PPA. In fact, the presence of AOS is strongly predictive of tau pathologies, the pres-
ence of flaccid and spastic dysarthrias of MND and TDP type B pathology, svPPA of
TDP type C pathology, and IvPPA of Alzheimer’s disease. Understanding how to sepa-
rate these clinical features and syndromes will have important prognostic value and
future therapeutic benefit. Parkinsonism is frequent in agPPA and 1vPPA, and further
imaging and pathological studies are necessary to better characterize this feature.
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