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Abstract

The chapter covers the clinical syndrome of primary progressive aphasia (PPA), the demographics
of this rare neurodegenerative disease, defining clinical and neuroanatomical characteristics of
each PPA variant, disease progression, and behavioral features. The chapter begins with a

brief introduction that includes references to seminal papers that defined this clinical syndrome
and its three variants. The classic PPA subtypes discussed in the chapter are semantic variant
PPA (svPPA), nonfluent/agrammatic PPA (nfaPPA), and logopenic variant PPA (IvPPA). The
key language and cognitive characteristics, and language tasks that can elicit these language
impairments, are detailed. Overlap in the clinical profiles of the PPA variants, which make
differential diagnosis challenging, are explained. Disease progression is described, revealing that
the PPA variants become more similar over time. Although PPA is a language-predominant
dementia, there are behavioral manifestations, particularly in svPPA. Changes in behavior in this
variant are addressed as well as behavioral changes in nfaPPA and IVPPA that are less well
recognized. The patterns of atrophy in the left temporal, parietal, and/or frontal cortices unique
to each PPA variant are described. The underlying neuropathologies of the PPA variants are
discussed, specifically tau-opathies and non-tau-opathies associated with svPPA and nfaPPA and
Alzheimer’s disease pathology in IvPPA.
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Introduction

Primary progressive aphasia (PPA) is a neurodegenerative clinical syndrome caused by
diverse underlying neuropathologies resulting in atrophy in the left temporal, parietal, and/or
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frontal cortices (Gorno-Tempini et al., 2011; Diehl-Schmid et al., 2014; Vandenberghe,
2016). Clinically, PPA is characterized by the insidious onset, gradual decline, and
predominance of language impairments (with relative sparing of other cognitive abilities
early in disease course, such as memory and constructional praxis), and compromised
participation in activities of daily living due to these deficits (Mesulam, 2001; Mesulam

et al., 2014a; Montembeault et al., 2018). The limiting effect on participation in activities
of daily living has considerable individual and societal implications, despite PPA being
classified as a rare disease (defined as a condition which affects fewer than 200,000 people
in the United States) by the Genetic and Rare Diseases Information Center of the National
Center for Advancing Translational Sciences (NCATS) (Orphanet). Mean age for disease
onset is 59.6 years (SD 7.2) in semantic variant PPA (svPPA), 64.4 years (SD 7.5) in
nonfluent agrammatic PPA (nfaPPA), and 63.0 years (SD 7.9) in logopenic variant PPA
(IvPPA). Mean survival is 11.6 years (SD 4.3) in svPPA, 8.0 years (SD 2.5) in nfaPPA,

and 11.0 years (SD 4.1) in IvPPA (Spinelli et al., 2017), thus disease is manifested in the
prime of individuals’ lives and requires years of supportive care and symptom management
as there is no curative treatment for PPA.

Mesulam and Weintraub (1992) proposed the diagnosis “primary progressive aphasia” to
describe slowly progressive aphasia without other behavioral abnormalities, which Mesulam
first reported in six individuals in 1982. Identification of a progressive disorder of language
associated with atrophy of the frontal and temporal regions of the left hemisphere dates

to the 1890s however (Pick, 1892; Serieux, 1893), followed by descriptions of progressive
language impairments in semantics and grammar. In 1975, Warrington reported selective
impairment of semantic memory characterized by failure to recognize or identify common
objects in three patients with diffuse cerebral lesions. Subsequently, Snowden et al. (1989)
and Hodges et al. (1992) characterized the diagnostic entity of semantic dementia. In

1996, Grossman et al. reported progressive nonfluent aphasia, a syndrome distinguished
by agrammatism, distinct from fluent or semantic dementia. Gorno-Tempini et al. (2004a,
2008) proposed a third entity characterized by “intermediate” fluency: logopenic variant
(from Greek, meaning, “lack of words”). Gorno-Tempini et al. (2004a) argued that

the fluency profile of IVPPA does not fit readily into the fluent/nonfluent classification

of speech-language production applied in post-stroke aphasias. In post-stroke aphasias,
nonfluent aphasias are typified by slow, effortful production, altered prosody, omission of
grammatical morphemes, and motor speech impairment; fluent aphasias are characterized
by the presence of phonological and lexical errors, normal speech rate, spared grammar,
and intact motor speech production. In IvPPA, motor speech and grammar are preserved,
but speech production is slow and halting. Those with IvPPA may be considered fluent

or nonfluent depending upon the relative weight assigned to any of the multiple speech-
language characteristics that comprise fluency. At present, three different PPA variants,
sVPPA, nfaPPA and IvPPA, are specified by international consensus criteria based on
clinical presentation (language manifestations), patterns of atrophy, and/or underlying
neuropathology (Gorno-Tempini et al., 2011). These guidelines are used extensively to
diagnose PPA and its variants, and successfully capture the profiles of most individuals,
although a subset of individuals with progressive language impairment may not correspond
to one of the three clinical syndromes (Tippett, 2020).
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Semantic Variant Primary Progressive Aphasia

Individuals with svPPA present with the hallmark features of anomia and single word
comprehension deficits, and secondary features of impaired object knowledge, surface
dyslexia, and/or surface dysgraphia. Single word repetition, speech fluency, syntax, and
motor speech are not affected (Hodges et al., 1992; Gorno-Tempini et al., 2004a,

2011; Hurley et al., 2012). Although anomia and single word comprehension deficits
(manifestations of language impairments) are common to both post-stroke aphasia and
SVPPA, the underlying cognitive processes of these overt behaviors differ. For example,

in post-stroke aphasia, semantic errors in naming can arise from impairment in accessing
semantics from vision, damage to the semantic system, damage to access to lexical
representations for output, or damage to an output buffer (Hillis & Tippett, 2015). In
SVPPA, progressively degraded “object semantics” or “semantic memory” affect naming
and comprehension (Sebastian & Hillis, 2015). Atrophy is seen in the anterior and inferior
temporal lobes bilaterally, left greater than right, which serve amodal semantic processing
(Gorno-Tempini et al., 2004a, 2011; Tsapkini et al., 2011). Approximately 30% of cases
present with predominate right hemisphere atrophy (right-lateralized semantic dementia),
characterized by difficulty recognizing familiar and famous faces as well as personality and
behavioral manifestations, such as changes in eating habits (Snowden et al, 2004; Seeley et
al., 2005; Gefen et al., 2013; Kumfor et al., 2016) (Table 1).

Demographics

Mean age of onset of symptoms of svPPA is 60 years, but can range from the early 40°s to
late 60’s (Hodges et al., 2010; Spinelli et al., 2017). Mean age at diagnosis is mid-to-late
60’s (range 57 to 73 years) (Hodges et al., 2010; Coyle-Gilchrist et al., 2016; Spinelli

etal., 2017), suggesting a 4-5 year lag in diagnosis. Prevalence of male sex is slightly
greater than female sex (60%, Hodges et al., 2010; 52%, Coyle-Gilchrist et al., 2016; 54%,
Spinelli et al., 2017). Mean survival ranges from nine to 14 years (Hodges et al., 2010;
Coyle-Gilchrist et al., 2016; Spinelli et al., 2017) (Figure 1). Frontotemporal dementia
(FTD) is a group of related clinical syndromes characterized by behavioral, language, and
motoric impairments caused by frontotemporal-lobar degeneration (FTLD), most commonly
FTLD-tau or FTLD with inclusions of transactive response DNA-binding protein (FTLD-
TDP) (Olney et al., 2017). The FTD spectrum includes behavioral variant FTD (bvFTD) and
the language-led dementias: svPPA and nfaPPA. Onyike and Diehl-Schmid (2013) reported
that 60% of FTD cases are bvFTD, with the remaining 40% accounted for by the language
variants of FTD. Distinctions between diagnostic entities can change over time; however, as
individuals with svPPA develop behavioral manifestations and those with bvFTD develop
language impairments (Coyle-Gilchrist et al., 2016). Coyle-Gilchrist and colleagues (2016)
estimated the prevalence of FTD at 10.8/100,000, with semantic dementia accounting for
approximately one-third of these cases.

Key Language and Cognitive Characteristics

The core features of svPPA are impairments in confrontation naming and single word
comprehension; secondary features are impaired object knowledge, surface dyslexia, and/or
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surface dysgraphia. Repetition is spared and speech production is normal (that is, without
the presence of dysarthria or apraxia of speech) (Gorno-Tempini et al., 2011).

Although anomia is common to all variants of PPA, it is most profoundly impaired in svPPA
compared to nfaPPA or IVPPA. In the early stages of disease progression, comprehension at
the single word level is compromised for low frequency, atypical concepts, and preserved for
high frequency, prototypical concepts (for example, apples and pomegranates are both fruits,
but apples are more typical). With disease advancement, comprehension of even familiar
words is affected (Gorno-Tempini et al., 2011). These deficits are typically attributed to loss
of semantic knowledge, although anomia in svPPA can be multifactorial, especially early in
disease progression (Mesulam et al., 2009a), and may vary with the robustness of semantic
connections (Hodges et al., 2009). In addition to impaired performance on verbal tasks, there
is impaired performance on nonverbal semantic tasks, such as color, sound, and object-use
knowledge, revealing the pervasive loss of conceptual knowledge in this variant (Adlan et al,
2006; Patterson et al., 2007).

Analysis of error types on object naming reveals that individuals with svPPA tend to

make circumlocutions (e.g., “you pick things up with it” for tongs), visual errors (e.qg.,
naming an orange as a “softball”), coordinate errors (e.g., naming a horse as a “cow”), and
superordinate errors (e.g., naming a dog as an “animal”). The presence of superordinate
errors is consistent with the assumption of underlying degraded amodal concepts of objects
(Jefferies & Lambon Ralph, 2006; Budd et al., 2010). Naming error types can change

over time, with coordinate errors evident initially, progressing to superordinate errors, and
then to nonresponses as semantic knowledge deteriorates further (Lambon Ralph et al.,
2001; Rogers et al., 2004; Cloutman et al., 2009). Differences are seen depending on the
nature of the naming task and response modality. Naming of actions is preserved despite
progressive decline in object naming, and greater difficulty is evident in the written versus
spoken output, although both modalities are compromised (Hillis et al., 2004). Spontaneous
speech is fluent, circumlocutory, and becomes increasingly empty (i.e., verbal output
without meaning) over time with the use of nonspecific words, such as “thing” and limited
use of specific nouns (e.g., “room” for “office”) (Landin-Romero et al., 2016). Semantic
paraphasias (e.g., “giraffe” for “elephant”), rather than phonemic paraphasias (e.g., “eletant”
for “elephant™), are present in connected speech in earlier stages of disease progression,
suggesting that anomia is due to degraded semantic representations or difficulty accessing
the phonological representation from the semantic representation (Bettcher & Sturm, 2014;
Mesulam et al., 2009a).

Surface dyslexia, regularization of words with atypical spellings, is evident in reading.
Words are read phonologically as the ability to remember spellings of atypical words is
lost. For example, the word “colonel” is pronounced “kollonel;” “island” is pronounced
“is-land.” Errors are present in written expression as well. Exception words are misspelled
with phonetically plausible spelling errors, such as or “neesh” for “niche” (Wilson et al.,
2009; Gorno-Tempini et al., 2011; Tsapkini et al., 2014).

Repetition is relatively unaffected in svPPA, giving rise to the phenomenon of word
alienation in that individuals are able to repeat words, but do not appreciate word meaning
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(Landin-Romero et al., 2016). They may make errors repeating long sentences (especially
with low frequency words) later in the course, or fail to understand the task of sentence
repetition. Grammar is typically intact, although there may be “paragrammatic” mistakes,
such as errors in grammatical morphemes (e.g., “he is park,” omitting —ing) or substitutions
of lexical items (Gorno-Tempini et al., 2011).

Application of the international consensus criteria (Gorno-Tempini et al., 2011) facilitates
classification of variant in most people with PPA, although there are some exceptions
(Sajjadi et al., 2012; Harris et al., 2013; Wicklund et al., 2014). Classification can be
challenging due to the commonality of language characteristics among variants (e.g.,
anomia), speech and language features which obscure differential diagnosis, and variability
in clinical presentation, particularly in nfaPPA and IvPPA (Tippett, 2020). Diagnosis and
classification are facilitated by resources that provide explicit guidance for clinicians

to assess speech, language, and cognition in individuals with PPA, including predicted
performance on tests by PPA variant (Henry & Grasso, 2018; Marshall et al., 2018). In
contrast to the other variants, svPPA is consistently defined in the literature, and clinicians
readily diagnose impairment in semantic knowledge using established measures, such as
Pyramids and Palm Trees Test (Howard & Patterson, 1992).

Disease Progression

Rate of decline is variable in PPA, with both slow and rapid decliners in all variants
(Sebastian et al., 2018). Severity of leukoaraiosis, however, is associated with steeper decline
in naming (Odolil et al., 2020). Early in the disease progression, individuals with PPA

have insight regarding their language decline and consequent impact on their personal

and professional lives, and report depression that correlates with naming impairment
(Medina & Weintraub, 2007; Banks & Weintraub, 2008). Individuals with svPPA develop
frontotemporal lobar degeneration (FTLD)-like behavioral symptoms and social difficulties,
including restlessness, personal neglect, disinhibition, eating habit changes, stereotypical
behavior, and empathy loss (Van Langenhove et al., 2016; Tippett et al., 2017). Redirection
to meaningful activities and provision of safe, appropriate outlets for socialization can
improve overall mood and preserve some extent of autonomy (Tippett & Hillis, 2020).

In contrast to behavioral decline, motoric function remains intact until the final stages of
disease unless svPPA occurs in the setting of motor neuron disease (Le Ber et al., 2013).

Behavioral Characteristics

Behavioral symptoms are present relatively early in disease progression of svPPA in contrast
to the other PPA variants. These manifestations are varied and include emotional distance,
loss of empathy, rigidity, inflexibility, irritability, agitation, disruption of physiologic

drives, presence of compulsive behaviors, apathy, and disinhibition (Seeley et al., 2005;
Modirrousta et al., 2013; Gomez-Tortosa et al., 2016; Van Langenhove et al., 2016).
Behaviors are in keeping with the neuropathology underlying svPPA-- frontotemporal lobar
degeneration trans-activator regulatory DNA binding protein 43 (FTLD-TDP-43) pathology.
In svPPA, there is greater damage to the uncinate fasciculus, a major association pathway
between the anterior part of the temporal lobe, including the amygdala, and the ventral
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frontal (orbitofrontal) region, compared to the other PPA variants. Damage to this neural
pathway has implications for a wide range of behavioral disturbances (D’Anna et al.,
2016). Although these behavioral manifestations are not central to the diagnosis of svPPA,
understanding the nature of behavioral change in this variant is essential to comprehensive
patient care and family/carer counseling (Macoir et al., 2017).

Neuropathology

Frontotemporal lobar degeneration trans-activator regulatory DNA binding protein 43
(FTLD-TDP-43) is the most common underlying neuropathology in svPPA (Hodges et al.,
2010; Josephs et al., 2011; Rohrer et al., 2011; Mesulam et al., 2014b; Leyton et al., 2016).
Less commonly, Alzheimer’s disease (AD) pathology (Alladi et al., 2007; Mesulam et al.,
2014b) and Pick bodies (Davies et al., 2005) are associated with svPPA.

Anatomy and Imaging

Atrophy is present in ventrolateral anterior temporal lobes bilaterally, usually left greater
than right (Diehl et al., 2004; Gorno-Tempini et al., 2004a; Acosta-Cabronero et al., 2011;
Wilson et al., 2011; Kumfor et al., 2016; Spinelli et al., 2017) (Figure 2). Additionally,

the Papez circuit and limbic structures such as amygdala can also be affected in svPPA,;

but interestingly the mamillary bodies and hippocampus are typically spared, which might
explain relatively intact episodic memory in this subtype of PPA (Tan et al., 2014). This
imaging feature can be beneficial in differentiating svPPA from other conditions such as AD
or hippocampal sclerosis (Botha et al., 2019). Hypometabolism in lateral temporoparietal
and medial parietal hypometabolism is shown to be associated with svPPA (Josephs et al.,
2010). In addition to cortical atrophy and hypometabolism, loss of integrity in white matter
pathways such as middle longitudinal (Luo et al., 2020), uncinate and inferior longitudinal
fasciculi (Tu et al., 2016) and left anterior temporal white matter pathways (Mandelli et al.,
2014) are implicated in svPPA. Alterations in the functional connectivity such as disruptions
in default mode connectivity and abnormally increased dorsal attention to visual association
network connectivity are observed in svPPA (Popal et al., 2020).

Nonfluent Primary Progressive Aphasia

Those with nfaPPA demonstrate nonfluent, effortful speech and, in some cases,
agrammatism (Gorno-Tempini et al, 2004a; Ogar et al., 2007; Rogalski et al., 2011a;
Grossman, 2012; Mesulam et al., 2012). Apraxia of speech, a motor planning and
programming impairment without muscular dysfunction (Duffy, 2019a), results in
inconsistent speech sound errors, and contributes to slow, labored speech production and
disrupted prosody (Gorno-Tempini et al., 2011). Agrammatism is manifested by short,
simple phrases and omissions of grammatical morphemes. Semantic knowledge and single
word comprehension are relatively spared (Gorno-Tempini et al., 2011) (Table 1).

Demographics

Compared to svPPA, the onset of symptoms is later in nfaPPA, percentage of women is
greater, and survival appears to shorter although this may reflect later disease onset. Mean
age of onset of symptoms of nfaPPA is 64 years, but can range from age 56 to 72 years
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(Spinelli et al., 2017). Mean age at diagnosis is approximately 70 years (range 61 to 80
years) (Coyle-Gilchrist et al., 2016; Spinelli et al., 2017), suggesting a lag in diagnosis as
seen in sVvPPA. Female sex predominates (61% versus 39%, Coyle-Gilchrist et al., 2016;
72% versus 28%, Spinelli et al., 2017). Mean survival ranges from five to eight years
(Coyle-Gilchrist et al., 2016; Spinelli et al., 2017) (Figure 1). Estimated prevalence of
nfaPPA due to any cause (FTLD and AD pathology) is 0.65-3.9 per 100,000, and incidence
is 0.5-0.9 per 100,000 (Grossman, 2012).

Key Language and Cognitive Characteristics

Motor speech impairment and agrammatism are the hallmark speech and language features
of nfaPPA (Gorno-Tempini et al., 2004a; Wilson et al, 2010; Gorno-Tempini et al., 2011).
Speech production is characterized by inconsistent speech sound errors, speech sound
substitutions, transpositions, insertions, and deletions, and alterations in prosody, consistent
with apraxia of speech (Ogar et al., 2007; Ash et al., 2010; Utianski et al., 2018). “Primary
progressive apraxia of speech” (PPAQS) is diagnosed when there is decline in motor speech
deficits in isolation, without language symptoms (Utianski et al., 2018; Duffy et al., 2020).
Utianski et al. (2018) further subdivided PPAOS into phonetic and prosodic classifications.

In nfaPPA, rate of speech is markedly slow compared with that of normal adults and other
PPA variants. Grossman et al. (2013) reported average words per minute during a story
narration tasks equaled 45 compared to 114 in healthy individuals. Wilson et al. (2010)
reported average words per minute was 51 in nfaPPA, 83 in IvPPA, 115 in svPPA, and 149
in normal controls. Dysarthria, a neurologic speech disorder due to abnormalities in strength,
speed, range, steadiness, tone, or accuracy of movement (Duffy, 2019b), can co-occur with
apraxia of speech in nfaPPA. In Ogar et al. (2007), 11 of 18 individuals had dysarthria
concomitant with apraxia of speech. Dysarthria type was hypokinetic (perceptual deviations
include reduced vocal loudness, breathiness, monotone pitch, imprecise articulation, variable
speaking rate) and mixed hypokinetic/spastic (perceptual deviations include hypokinetic
features plus strained, harsh voice quality, slow rate, pitch breaks). Even early in disease
progression, those with nfaPPA may become mute (Gorno-Tempini et al., 2006; Croot et

al., 2012), and then rely on spelling when they can no longer communicate orally. This
compensatory strategy can work well since surface dysgraphia, usually found in svPPA and
IVPPA, occurs rarely in nfaPPA (Gorno-Tempini et al., 2011; Sepelyak et al., 2011).

When considering word class deficits in PPA, greater verb naming deficits have been found
in nfaPPA (Cotelli et al., 2006; Hillis et al., 2002, 2004, 2006; Silveri & Ciccarelli, 2007;
Thompson et al., 2012), whereas greater noun naming deficits have been reported in svPPA
and IvPPA (Bak & Hodges, 2003; Hillis et al., 2004, 2006; Silveri & Ciccarelli, 2007;
Thompson et al., 2012). There are, however, conflicting findings regarding this difference
in naming performance (Cotelli et al., 2006; Marcotte et al., 2014; Riello et al., 2018), and
grammatical ability, rather than PPA variant, predicts relative action naming impairment
(Meyer et al., 2020).

Oral and written expression are characterized by reduced mean length of utterance, incorrect
word order, and simplified grammar (Wilson et al., 2010). In contrast to svPPA, phonemic
paraphasic errors, rather than semantic errors, are likely to occur in nfaPPA (Ash et
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al., 2010, 2013), suggesting that the anomic deficit is at the level of the phonological
representation itself. Individuals with nfaPPA produce fewer verbs than nouns and fewer
function words (e.g., articles, conjunction, prepositions, pronouns) than content words
(Wilson et al., 2010; Thompson et al., 2012). In addition to impaired grammar in expression,
impaired comprehension of complex syntax is a distinctive feature of nfaPPA (Thompson
& Mack, 2014). For example, individuals with nfaPPA evidence difficulty understanding
complex syntax, such as embedded sentences in which there is a subordinate clause in the
middle of the sentence (e.g., my car, which is very old, has a flat tire). Grossman (2012),
however, notes that performance on tasks of grammatical processing can be confounded

be deficits in executive resources and working memory in nfaPPA. In a meta-analysis of
memory deficits in PPA, all PPA variants performed more poorly on working memory tasks
than healthy controls; IVPPA performed more poorly than nfaPPA and nfaPPA performed
more poorly than svPPA (Eikelboom et al., 2018). Comprehension at the single word level
and simple sentence level as well as semantic knowledge are spared (Gorno-Tempini et al.,
2011). Spelling is generally preserved, except for spelling of nonwords (Shim et al., 2012).
Episodic memory and visuospatial abilities also remain generally intact, except in cases of
corticobasal syndrome (CBS) (Mesulam, 2007).

When compared to svPPA, there is variability in the clinical presentation in those with
nfaPPA and IVPPA (Sajjadi et al, 2012; Wicklund et al., 2014). Hoffman et al. (2017)

used k-means clustering to group individuals with PPA based on similar linguistic

and neuropsychological profiles. They described three PPA clusters. One cluster closely
corresponded to svPPA with bilateral anterior temporal lobe (ATL) atrophy (left greater
than right), consistent with the clearly defined diagnostic entity of this variant. Another
cluster included features of both nfaPPA and IvPPA. A third cluster was a mixed PPA group
characterized by weak semantic abilities and severe impairments in speech production,
repetition, and syntax (not attributable to more advanced disease). Patterns of atrophy
were distributed widely in the non-svPPA clusters. More controversially, deviation from
classic clinical presentation nfaPPA is described with a subset of those in this mixed
variant exhibiting single word comprehension and semantic knowledge deficits in addition
to the typical apraxia of speech and/or agrammatism. Schaeverbeke et al. (2018) found that
seven out of 12 individuals with a priori diagnosis of nfaPPA demonstrated single word
comprehension deficits, consistent with a mixed variant PPA, and found that those with
this mixed presentation had deficits in object knowledge and object recognition relative to
healthy controls, but to a lesser degree than those with svPPA. Variability within nfaPPA, or
a fourth variant not recognized in current international consensus guidelines for diagnostic
classification, are possible explanations for these clinical presentations (Mesulam et al.,
2009b; Mesulam et al., 2012; Mesulam et al., 2014b). Alternatively, individuals may have
a more typical presentation of nfaPPA at onset, but are not seen by a neurologist until they
later develop additional deficits in comprehension and object recognition. Unfortunately,

if individuals with PPA of any variant live long enough, they eventually develop a more
generalized dementia, corresponding to diffuse cortical atrophy,
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Apraxia of speech in nfaPPA can be identified through verbal agility tasks, such as
sequential motion tasks (i.e., repetition of the syllable series “puh-tuh-kuh™) and repetition
of multisyllabic words requiring rapid sequencing of various articulatory positions (e.g.,
repetitions of “caterpillar,” “Methodist Episcopal”) and repetition of words of increasing
length (e.g., thick, thicken, thickening) (Ogar et al., 2007).

Language testing that taps comprehension and production of syntactically complex
sentences, such as embedded and object-relative clauses are particularly challenging for
those with nfaPPA, revealing characteristic agrammatism (Thompson & Mack, 2014).
Grammatical ability can also be assessed by evaluating spontaneous oral and written
language samples. “Agrammatic PPA” (AgPPA) is applied when grammatical deficits
are the prominent deficit (Mesulam et al., 2009b). Analysis of acoustic and linguistic
speech features using machine learning has potential to enable diagnosis of PPA variant.
Themistocleous et al. (2021) showed that a machine learning model based on deep neural
networks correctly identified 90% of individuals with nfaPPA (95% IVPPA, 65% svPPA).
The morphosyntactic generation (MorGen) test can also be useful for identifying deficits in
morphosyntactic production (Stockbridge et al., 2021).

Disease Progression

Sebastian et al. (2018) investigated longitudinal patterns of decline in naming and semantic
knowledge in individuals with PPA who had similar symptom duration at baseline testing
and found that nfaPPA had the most precipitous rates of decline in oral naming of

objects and actions, followed by svPPA, then IVPPA. This decline was in part due to
presence of apraxia of speech in nfaPPA. In contrast, individuals with nfaPPA demonstrated
more stable performance over time on a test of semantic associations, indicating that
semantic knowledge was relatively spared compared to naming. These patients may also
develop motor and cognitive symptoms consistent with parkinsonism and related syndromes,
such as CBS, progressive supranuclear palsy (PSP), or behavioral variant frontotemporal
dementia (due to frontotemporal lobar degeneration-tau; FTLD-t) (Kertesz et al., 2000;
Deramecourt et al., 2010; Gorno-Tempini et al., 2004b). Eventually, most of those with
nfaPPA will satisfy the diagnostic criteria for progressive CBS or PSP (Kertesz et al.,

2000; Deramecourt et al., 2010). Designation of primary progressive apraxia of speech as a
separate entity is debated by some and instead considered an early presentation of an nfaPPA
spectrum. Longitudinal case series of patients with primary progressive apraxia of speech
show that these patients develop aphasia (Santos-Santos et al., 2016) and pathological
studies show that FTLD-tau underlies a majority of both nfaPPA and primary progressive
apraxia (Josephs et al., 2006; Santos-Santos et al., 2016; Spinelli et al., 2017). Executive
dysfunction, including difficulty planning, organizing and problem solving, is manifested
with progression of disease (Bettcher & Sturm, 2014; Butts et al., 2015; Grossman, 2012).

Behavioral Characteristics

Behavioral changes are not typically seen in the early stages of nfaPPA (Neary et al.,
1998; Modirrousta et al., 2013). For example, when compared to svPPA and IvPPA with
symptom duration of approximately 4 years, those with nfaPPA demonstrated only mildly
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low scores on cognitive flexibility and processing speed tasks consistent with left frontal
lobe compromise (Butts et al., 2015). Longitudinal imaging studies reveal that, while
cortical atrophy remains primarily left hemisphere lateralized, there is progression into

the right hemisphere and worsening of clinical deficits over time (Rogalski et al., 2011b;
Rohrer et al., 2013). Rogalski et al. (2011b) found peak atrophy in nfaPPA over a two-year
period extended from initial locations of inferior frontal gyrus (IFG), dorsal lateral prefrontal
cortex, and temporoparietal cortex of the left hemisphere, including the dorsal and ventral
prefrontal cortex, a greater portion of temporoparietal cortex, and the anterior temporal
lobe of the left hemisphere. Peak atrophy sites in the right hemisphere also spread involve
the IFG, temporoparietal regions, and a larger region of dorsal prefrontal cortex. Apathy,
agitation, loss of empathy, depression, and limited self-awareness of comportment changes
emerge with disease progression (Eslinger et al., 2005; Rohrer & Warren, 2010).

Neuropathology

Tau-positive pathology is the underlying pathology in 70% of those with nfaPPA (Irwin

et al., 2013). More recently, Spinelli et al. (2017) reported that 88% of autopsied cases

of nfaPPA had FTLD-tau. At autopsy, the tau pathology is often diagnosed as Progressive
Supranuclear Palsy or Corticobasal Degeneration. Non-tau pathologies have been reported
as well, including include AD pathology (Kertesz et al., 2005; Alladi et al., 2007; Grossman
et al., 2008), FTLD-U (Knopman et al., 2005; Mesulam et al., 2008), or more specifically,
FTLD-TDP-43) (Mackenzie et al., 2006; Snowden et al., 2007; Josephs et al, 2009).

Anatomy and Imaging

Neuroimaging shows abnormalities of the left posterior and inferior frontal regions (Gorno-
Tempini et al., 2004a; Josephs et al., 2006; Wilson et al., 2011, Botha et al., 2018) as well
as atrophy in the insula, premotor, and supplementary motor areas (Josephs et al., 2008;
Gorno-Tempini et al., 2011; Wilson et al., 2011) in nfaPPA. To a lesser extent, there is
atrophy in the posterior temporal regions (Nestor et al., 2003; Gorno-Tempini et al, 2004a;
Mandelli et al, 2016 a, b; Sajjadi et al., 2013) (Figure 2). When nfaPPA is accompanied

by apraxia of speech, atrophy in dorsolateral premotor cortex and primary motor cortex can
also be seen (Botha et al., 2019). Selective left frontal lobe hypometabolism is observed

in this variant of PPA (Rabinovici et al., 2008). Degeneration in white matter pathways
such as left intrafrontal, frontal aslant and frontostriatal pathways are observed in contrast
to svPPA and IvPPA and premotor-SMA pathway is shown to be associated with speech
fluency (Mandelli et al, 2014, Mandelli et al., 2016a). Another study showed frontal aslant
pathway is associated with verbal fluency across all types of PPA (Catani et al., 2013).

Logopenic Variant Primary Progressive Aphasia

Individuals with IVPPA present with impaired single word retrieval in confrontation
naming and in spontaneous speech, and impaired repetition of phrases and sentences
(Gorno-Tempini et al., 2004a, 2008; Grossman, 2010). Auditory-verbal short-term memory
impairments are manifested by impaired sentence repetition and phonological errors

in naming (Gorno-Tempini et al., 2008; Grossman, 2010). Grammar, single word
comprehension, object knowledge, and motor speech are preserved. Over time, there is
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generalized cognitive decline, affecting memory and visuospatial skills (Grossman, 2010;
Josephs et al., 2008; Rohrer et al., 2013) (Table 1).

Demographics

Mean age of onset of symptoms of IVPPA is 63.0 + 7.9 years and mean age at diagnosis

is 66.8 £ 8.6 years (Spinelli et al., 2017), suggesting a lag in diagnosis as seen in svPPA
and nfaPPA. Female sex is slightly predominate (55% versus 45%, Spinelli et al., 2017).
Mean survival is 11.0 £+ 4.1years (Spinelli et al., 2017) (Figure 1). Gorno-Tempini et al.
(2008) reported that IVPPA represented 30% of their PPA cases. Similarly, Teichmann et al.
(2013) reported that 31% of their cohort of patients with PPA over a two-year interval were
diagnosed with IvPPA (39% with svPPA, 18% with nfaPPA, 12% with unclassifiable PPA).

Key Language and Cognitive Characteristics

Gorno-Tempini et al. (2004a) described a subset of patients with PPA who did not meet the
criteria for svPPA or nfaPPA and labelled this group “logopenic.” These patients presented
with slow rate of speech, word finding difficulty, impaired sentence repetition, impaired
syntactic comprehension (differently from nfaPPA with impairment of constructions such as
simple passives; e.g., the dress is sewed by the father). Maximum speech rate (which may be
more useful that rate of speech that can be affected by linguistic and nonlinguistic factors)

is reduced for IvPPA and nfaPPA relative to svPPA and healthy controls (161 in IVPPA, 98

in nfaPPA, 255 in svPPA and healthy controls) (Wilson et al., 2010). There was no evidence
of agrammatism, single word comprehension impairment, semantic association impairment,
or speech articulation deficit. A short-term phonological memory deficit was proposed as
the underlying mechanism of this language profile. Imaging supported this hypothesis. Voxel
based morphometry showed that left posterior temporal and parietal lobules were the areas
most atrophied in the logopenic subset. The inferior parietal lobule is considered the site

for the phonological store portion of the phonological loop. The phonological loop, which

is a component of working memory, is comprised of a phonological store and articulatory
rehearsal mechanisms (Baddeley, 1988; Vallar et al., 1997). Subsequently, Gorno-Tempini et
al. (2008) established the logopenic diagnosis as a distinct entity from svPPA and nfaPPA
based on the performance of six individuals on an experimental phonological loop battery.
In their patients with IVPPA, sentence repetition was severely compromised; yet single

word repetition was spared. Digit span was markedly reduced, but single digit repetition
was normal, indicating that the deficit cannot be attributed to defective speech perception.
Performance was not affected by the mode of presentation or facilitated by pointing.

Letter span was severely reduced as well, and phonologically dissimilar letters did not
facilitate performance, suggesting that the store component of the phonological loop is

not intact. Finally, word span was limited to a few short words, and only one long word.
Gorno-Tempini et al. (2008) likened the language attributes of IvPPA to vascular conduction
aphasia (Caramazza et al., 1981) and progressive conduction aphasia (Hillis et al., 1999).

Further support of the concept that impaired phonological processing underlies IvPPA comes
from studies investigating language disabilities in childhood and IvPPA in adulthood. In
multiple studies, an association is reported between learning disabilities, such as dyslexia,
and IvPPA, indicating that developmental weakness of phonologic processing within the left
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temporoparietal junction might be related to neurodegeneration of the left temporoparietal
region later in life (Rogalski et al., 2008; Miller et al., 2013).

Naming errors are typically phonemic paraphasic errors instead of semantic paraphasias

in IVPPA (Gorno-Tempini et al., 2008; Henry & Gorno-Tempini, 2010). Verbal output is
characterized by islands of fluent output with pauses, false starts, and hesitations. Verbal
output is not effortful as seen in nfaPPA, and fluency (as measured by words per minute,
although the multidimensionality of this construct is acknowledged) is intermediate (Wilson
et al., 2010). Difficulty comprehending complex syntax is seen, but reflects impairment of
short-term memory rather than impairment of grammatical processing (Gorno-Tempini et
al., 2008). Phonological processing difficulties are also manifested in reading and spelling.
Individuals with IVPPA demonstrate greater difficulty reading and spelling pseudo words
(nonwords that conform to English spelling) than real words (e.g., “nold” versus “gold”)
(Faria et al., 2013; Henry et al., 2015). Those with IvPPA also have greater difficulty
spelling irregular than regular words (e.g., bowl, calf, cough) (Sepelyak et al., 2011; Faria
et al. 2013). Single word comprehension, object knowledge, motor speech, and grammar are
typically spared. (Gorno-Tempini et al., 2008, 2011).

Like nfaPPA, there is variability within the clinical presentation of IvPPA. Sajjadi et al.
(2014) reported left temporoparietal atrophy in 14 individuals whose language profiles

did not meet the criteria for any of the three PPA variants. This pattern of atrophy is
comparable to that typically seen in IvPPA. Although the authors did not have confirmation
of underlying pathology, they proposed that Alzheimer’s pathology, the foremost underlying
etiology of IVPPA, could result in a heterogeneous language profile in a PPA subtype that
is neither svPPA nor nfaPPA, but instead reflects a more diverse form of AD-related PPA.
Preif et al. (2019) described diffuse cortical thickness reductions in the left hemisphere
language network in AD-related PPA, including regions characteristically associated with
nfaPPA and svPPA. This finding may account for the more extensive language deficit in
AD-PPA than captured by the consensus guidelines for diagnosing IvPPA. Giannini et al.
(2017) advanced the concept of a logopenic spectrum that encompasses IVPPA (as defined
by consensus guidelines), IvPPA+, and IvPPA- (defined as clinical phenotypes that are
partially consistent with consensus criteria).

Although PPA is characterized by predominance of language deficits, generalized cognitive
decline, including attention, memory, and visuospatial skills, is manifested over time
(Rohrer et al., 2013). Individuals with IvPPA often develop symptoms, such as impaired
episodic memory, of the most common underlying disease—AD (Josephs et al., 2008).
Individuals with IvPPA perform similarly to individuals with AD on complex figure copy
and recall tasks (Foxe et al., 2013, 2016). Comparisons of visuospatial abilities in the
different variants of PPA on figure copy tasks and delayed figure copy tasks reveal that those
with IVPPA and svPPA score significantly lower than those with nfaPPA (Kramer et al.,
2003; Possin et al., 2011; Tippett et al., 2019). Butts et al. (2015) found group differences

in visual learning and memory, as well as in executive and visuospatial function, with the
IVPPA group performing more poorly than either the svPPA or nfaPPA groups on multiple
measures. Watson et al. (2018) investigated visuospatial cognition across several tasks in 156
individuals with PPA. They adjusted for differences in age, education, and dementia severity,
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and found that those with IVPPA had significantly lower scores on a visuospatial factor and
the most impaired composite scores. Those with IvPPA may have difficulty on visuospatial
tasks because of disruption of the dorsal stream of vision processing, involving the parietal
lobe. Poor figure copying is correlated with right parietal atrophy in AD, which is the

most common underlying neuropathology of IVPPA (Possin et al., 2011). Other features are
dyscalculia and ideomotor apraxia (Rohrer et al., 2010; Teichmann et al., 2013).

Repetition impairment can be manifested on sentence repetition tasks, especially for lengthy
sentences containing low frequency vocabulary. Repetition impairment can be seen in

IVPPA and nfaPPA, albeit for different underlying reasons. Impaired repetition may be
secondary to impaired working memory in IVPPA and to apraxia of speech in nfaPPA,
thereby obscuring the distinction between IVPPA versus nfaPPA superficially. The nature of
repetition errors, however, aids diagnosis, as those with IvPPA do not demonstrate effortful,
groping speech production with inconsistent articulatory errors as seen in apraxia of speech.
A comparison of repetition to oral reading of the same set of sentences can distinguish errors
in repetition due to impaired phonological memory in IvPPA (with relatively intact oral
reading), to errors in repetition due to apraxia of speech in nfaPPA (with similar errors in
sentence repetition and reading) or impaired comprehension (sometimes with fewer errors in
repetition, especially of irregular words. For example, Ruch, Stockbridge, Walker, and Hillis
[unpublished data] studied 210 participants with PPA (84 IVPPA, 66 svPPA, and 60 nfaPPA)
on two sentence reading and repetition tasks, including one from the National Alzheimer’s
Coordinating Center’s (NACC) FTLD Neuropsychological Battery (www.naccdata.org) with
sentences of 5-10 words each and a new task with longer sentences (10-16 words each)
including longer words with lower frequency (e.g., Japanese, intimidated). Only the IvPPA
patients made significantly more total errors on the new repetition than the new reading

task (p<0.00001 vs. p>0.1 for the other variants. For those with IVPPA, the ratio of reading
errors: repetition errors was 0.11. Performance on visuospatial memory tasks may facilitate
diagnosis of IvPPA versus nfaPPA with relatively spared delayed figure copying helping

to identify those with nfaPPA (Tippett et al., 2019). Individuals with IvPPA have greater
difficulty spelling pseudo words than those with nfaPPA (Henry et al., 2015).

Disease Progression

As previously noted, there is variability in rates of decline in PPA. Machulda et al. (2013)
reported that some individuals with IvPPA present with mild aphasia despite long disease
duration (i.e., equal to or greater than 4 years). Atrophy was limited to posterior regions

of the left lateral temporal lobe in this group. Machulda et al. (2013) speculated that

this subset of IVPPA might have better prognosis, and potentially greater stimulability to
language therapy, than other PPA groups. In general, those with IvPPA develop global
aphasia, episodic memory impairment, executive dysfunction, and visuospatial deficits over
time (Gorno-Tempini et al., 2008; Rohrer et al., 2013; Watson et al., 2018).

Behavioral Characteristics

Neuropsychiatric symptoms are infrequent in the early stages of IvPPA; however, with
disease progression, apathy, anxiety, irritability, and agitation with a maintenance of self-
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awareness emerge (Rosen et al., 2006; Rohrer & Warren, 2010; Van Langenhove, et al.,
2016). Frank disinhibition and lack of empathy are rare (Rohrer & Warren, 2010). In a
comparison of PPA variants, more severe personal neglect was demonstrated in svPPA and
nfaPPA groups than IVPPA, and more severe judgment impairments distinguished nfaPPA
from the IVPPA group (Tippett et al., 2017). Language (repetition, semantic knowledge,
action naming) and behavioral disturbances have been found to be negatively correlated in
IVPPA (but not other PPA subtypes), suggesting that negative behaviors do not develop until
language deficits are severe in this variant (Keator et al, 2019).

Neuropathology

Alzheimer’s disease (AD) pathology is commonly associated with IvPPA (Josephs et al.,
2008; Modirrousta et al., 2013; Leyton et al., 2016). In a minority of cases, there is FTLD
pathology (Mesulam et al., 2014b).

Anatomy and Imaging

Atrophy in the left temporoparietal junction, left posterior perisylvian and parietal regions
are typically observed (Gorno-Tempini et al., 2004a; Wilson et al., 2010; Spinelli et al.,
2017). Hypometabolism and diminished structural white matter connectivity in the left
temporoparietal region are also shown (Rabinovici et al. 2008; Magnin et al. 2012) (See
Figure 2). Reduction of the functional connectivity in the left temporal language and
working memory networks is revealed, and this pattern is associated with aphasia severity
(Whitwell et al., 2015).
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Figure 1:
Demographic Summary of Age at Onset, Age at Diagnosis and Survival in Years for

Variants of Primary Progressive Aphasia
SVPPA, semantic primary progressive aphasia; nfaPPA, nonfluent agrammatic primary
progressive aphasia; IvPPA, logopenic variant primary progressive aphasia
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Figure 2:
Illustration of major cortical regions that are affected in semantic variant primary

progressive aphasia (svPPA) (represented in red toned colors), nonfluent agrammatic PPA
(nfaPPA) (represented in blue toned colors), and logopenic variant PPA (IvPPA) (represented
in green). Please note that temporal and limbic structures are affected in svPPA, frontal
regions in nfaPPA and temporoparietal junction in IvPPA. For the illustration purposes, only
main regions were included.

IFG: Inferior frontal gyrus, Inf=inferior, ope=opercularis, orb=orbitalis, Temp=Temporal,
tri=triangularis.
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