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Abstract Primary progressive aphasia (PPA), typically
resulting from a neurodegenerative disease such as frontotemporal lobar degeneration or Alzheimer’s disease, is
characterized by a progressive loss of specific language
functions with relative sparing of other cognitive domains.
Three variants of PPA are now recognized: semantic variant,
logopenic variant, and nonfluent/agrammatic variant. We
discuss recent work characterizing the neurolinguistic, neuropsychological, imaging and pathologic profiles associated
with these variants. Improved reliability of diagnoses will be
increasingly important as trials for etiology-specific treatments become available. We also discuss the implications of
these syndromes for theories of language function.
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Introduction
Primary progressive aphasia (PPA) describes an uncommon syndrome primarily affecting language. The concept
of PPA was first described by Pick and Sérieux in the
1890s and re-introduced in the modern literature by
Mesulam [1]. It is part of an evolving understanding of
neurodegenerative conditions that identifies a range of
clinical syndromes affecting cognitive functions other than
memory [2]. The diagnosis of PPA requires that an
insidiously progressive language impairment be the
primary cognitive deficit for approximately 2 years after
symptom onset [1]. There should be minimal difficulty in
other cognitive functions, including memory, visuospatial
skills, and executive abilities. Non-neurodegenerative
etiologies, such as tumor or stroke, must be ruled out.
Three subtypes of PPA are currently recognized:
semantic variant PPA (svPPA), logopenic variant PPA
(lvPPA), and nonfluent/agrammatic variant PPA (navPPA)
[3]. These are summarized in Table 1. The classification of
PPA into these three subtypes is a relatively recent
development, and the terminology and criteria for these
subtypes are still somewhat inconsistent across institutions.
Clinical evaluations of aphasic patients are challenging
because most instruments of cognitive assessment rely
extensively on language. Furthermore, differences in testing
methods across institutions create an obstacle to making
comparisons across studies. Yet the reliability of these
clinical diagnoses is of vital importance as the underlying
pathologies of PPA subtypes are being elucidated and
treatments for these conditions are emerging. The urgent
need for more uniform diagnostic methods is underlined by
a recent summary of clinical-pathologic correlations in 145
autopsied PPA patients from seven experienced, international institutions. The accuracy of predicting pathology on
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the basis of a clinical syndromic diagnosis is disappointingly low [4••]. A new consensus on terminology, diagnostic recommendations, and suggested testing procedures is
soon to be published (Gorno-Tempini et al., Unpublished
data), and hopefully, this will help resolve some of the
discrepancies in the descriptions of these patients across
institutions. The naming conventions used here reflect this
consensus, and the currently recognized characteristics of
these conditions are summarized in Table 1. Mesulam et al.
[5] have recently proposed a quantitative algorithm for
subtyping PPA that may be useful in standardizing
diagnoses. Additionally, clinical diagnoses of PPA syndromes can be supplemented with the use of multimodal
diagnostic criteria that include combinations of cognitive
assessments, genetic biomarkers, cerebrospinal fluid biomarkers, and brain imaging [4••, 6]. In this review, we
discuss the three PPA variants and important recent findings
for each.

Table 1 Characteristics of PPA
variants

SvPPA is also referred to as “semantic dementia” (SD).
This is a fluent variant of PPA associated with frontotemporal lobar degeneration (FTLD). The hallmark of svPPA is
impaired performance on measures that depend on intact
semantics. Thus, patients with svPPA have difficulty with
picture and object naming, single word comprehension,
category naming fluency, and knowledge of the uses and
features of objects [7•]. The impairment is greater for less
familiar words and objects. Difficulty with semantics is also
evident in spontaneous speech production, which frequently
contains indefinite terms such as “that” or “thing” where
more precise and meaningful words would be appropriate
[8]. Comprehension of speech is negatively affected as
well. In an investigation of diagnostic features, Kertesz et
al. [9] identified the questioning of word meanings in
conversation (e.g., “What is stapler?”) as the primary

Variant

Clinical features

Cortical atrophy

Pathologya

Alternative
nomenclature

svPPA

• Poor confrontation naming

Anterior
temporal lobe

• FTLD-TDP (69%)

• Semantic
dementia or SD
• Semantic PPA
or PPA-S

lvPPA

a
From a literature survey of
confirmed pathology in PPA
(Grossman [4••])

AD Alzheimer’s disease;
FTLD-tau frontotemporal lobar
degeneration with tau-positive
pathology; FTLD-TDP frontotemporal lobar degeneration
with ubiquitin- and TDP-43–
positive pathology; lvPPA
logopenic variant primary
progressive aphasia; navPPA
nonfluent/agrammatic variant
primary progressive aphasia;
PPA primary progressive
aphasia; SD semantic dementia;
svPPA semantic variant primary
progressive aphasia

Semantic Variant PPA

navPPA

• Impaired single word
comprehension
• Three or more of the
following: poor object
and/or person knowledge;
surface dyslexia: spared
repetition; spared
motor speech
• Impaired single
word retrieval
• Impaired repetition of
phrases and sentences
• Three or more of the
following: speech sound
errors; spared motor
speech; spared single
word comprehension
and object knowledge;
absence of agrammatism
• Grammatical simplification
and errors in language
production
• Effortful, halting speech
with speech sound errors
• Two or more of the
following: impaired
syntactic comprehension;
spared content word
comprehension; spared
object knowledge

• AD (25%)
• FTLD-tau (6%)

Left posterior
perisylvian;
inferior parietal

• AD (50%)

• FTLD-TDP (38%)
• FTLD-tau (12%)

Left posterior
frontoinsular

• FTLD-tau (52%)

• AD (25%)
• FTLD-TDP (19%)

• Other (4%)

• Logopenic
progressive
aphasia or LPA
• Logopenic
PPA or PPA-L
• Progressive
mixed aphasia
or PMA

• Progressive
nonfluent aphasia
or PNFA
• Agrammatic
PPA or PPA-G
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diagnostic feature of svPPA. In reading, these patients often
exhibit surface dyslexia, pronouncing words strictly as they
are spelled on the basis of letter-sound correspondence rules
(eg, plaid is pronounced as played). In addition to language
problems, patients may exhibit behavioral changes similar
to those in the behavioral variant of frontotemporal
dementia, although these symptoms often have a later onset
[9]. Despite these problems, svPPA patients do relatively
well on measures of grammar, phonology, episodic memory, visuospatial skills, and number knowledge [7•, 10].
There is disagreement over whether or not svPPA should
be considered identical to SD, a variant of frontotemporal
dementia. Mesulam et al. [11] make a distinction between
svPPA and SD. Both syndromes have similar language
deficits; the critical difference, according to these authors, is
the presence of a visual recognition deficit for objects and
faces (associative agnosia and prosopagnosia) in SD that is
not prominent in svPPA. Some have pointed out, however,
that svPPA patients exhibit mild visual agnosia when
sensitive testing methods are used [12]. Furthermore,
svPPA patients invariably progress to clear presentations
of what Mesulam et al. [11] designate as SD, and both
syndromes share a common pathology [13]. Therefore,
most authors [3, 4••] have not made a distinction between
svPPA and SD.
The defining cognitive deficit for svPPA (and SD)
appears to be a deterioration of semantic knowledge [7•,
14]. Investigations of this impairment have important
implications for theories of semantic memory, yet the exact
nature of the impairment in svPPA is not fully understood.
Given the apparent global effects of the semantic deficit in
svPPA, some propose a single semantic system that
supports conceptual representations in all modalities (eg,
verbal, visual) and is referred to as “amodal” [14].
Localized damage to this amodal semantic system would
explain the profound semantic impairment in svPPA.
However, others point out that svPPA patients exhibit
dissociations across conceptual categories. For instance,
spared representations of number knowledge and music
knowledge are observed [10, 15, 16], demonstrating that if
an amodal semantic system exists, it does not support these
conceptual domains. Additionally, some find that in svPPA,
knowledge of concrete concepts with visual feature associations is often more impaired than knowledge of abstract
concepts. Taken together with the relative sparing of
number and music knowledge, it is argued that degradation
of the visual feature representations of concrete concepts
may be the primary semantic deficit in svPPA [17, 18•].
Many of the testing procedures for assessing semantic
knowledge in svPPA rely on visual stimuli (eg, picture
naming) or the ability to understand words with strong
visual associations. The reliance on visually weighted
information may hide a relative sparing of semantic
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information in other categories (eg, abstract concepts). This
interpretation is consistent with a theory of semantic
memory that is widely supported in the functional neuroimaging literature, which proposes that concrete concepts
rely in part on modality-specific feature representations
[19]. However, the visual concept relative to abstract
concept impairment in svPPA has not been consistently
observed [20].
Structural imaging analyses demonstrate that svPPA
patients have cortical atrophy affecting ventral and lateral
regions of the anterior temporal lobes along with the
anterior hippocampus and amygdala [3, 18, 21]. This
atrophy is often more pronounced in the left hemisphere
than the right. Longitudinal imaging shows atrophy
beginning in anterior left temporal cortex, spreading to
more posterior and superior temporal regions, and often
appearing in anterior right temporal cortex [22, 23]. Those
who support the hypothesis that svPPA is characterized by
an amodal semantic deficit propose that atrophy of the
anterior temporal lobes affects a component of the semantic
system that is necessary for integrating conceptual information and that atrophy in this region accounts for the
deficit in svPPA [14], whereas those who hypothesize
dissociations across conceptual categories in svPPA propose that atrophy of visual association regions in ventral
temporal cortex degrades visual feature representations and
is critical to the semantic impairment in svPPA [17, 18•].
Consistent with this, a recent study found a correlation
between atrophy of ventral temporal cortex and an
impairment for words with visual feature associations
[18•]. Longitudinal progression of disease may eventually
compromise auditory association cortex in dorsal regions of
the temporal lobe as well.
Diffusion tensor imaging (DTI) can reveal damage to
white matter tracts that may not be observable in standard
structural MRI. DTI analyses of svPPA patients have found
evidence for damage to the white matter tracts connecting
anterior temporal cortex with other brain regions: the
inferior longitudinal, arcuate, and uncinate fasciculi [24,
25]. These findings suggest that damage to connections
between regions of the language network may contribute to
the language impairment in svPPA.
In Grossman’s [4••] summary of the autopsy-confirmed
pathology of 145 recent cases of PPA, 36 were diagnosed
as having the svPPA phenotype (Table 1). As is found for
each of the PPA variants, there is no one-to-one mapping of
clinical syndrome to underlying pathology. The most
frequent finding in svPPA was FTLD with inclusions
immunoreactive to ubiquitin and TDP-43 (FTLD-TDP),
observed in 25 of the 36 cases (69%). Alzheimer’s disease
(AD) pathology was identified in nine cases (25%), and a
minimal number of cases exhibited FTLD with tau-positive
immunoreactivity (FTLD-tau; n=2). In recent imaging
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investigations, prominent left anterior temporal atrophy in
svPPA has been associated with FTLD-TDP pathology at
autopsy [21, 26, 27].

Logopenic Variant PPA
LvPPA, also referred to as “logopenic progressive aphasia”
or “progressive mixed aphasia,” is characterized by slowed
spontaneous speech output with frequent word-finding
pauses and phonemic paraphasias. Grammar and motor
control of speech remain intact [3, 28••]. These patients
perform poorly on measures of auditory-verbal short-term
memory, including sentence repetition, digit span, word
span, and letter span. Comprehension of speech is impaired
and does not improve for speech that is syntactically
simple. LvPPA is frequently associated with the clinical
characteristics of AD. Thus, these patients tend to have
poorer episodic memory than patients with the other PPA
variants. However, whereas AD patients have difficulty
with single word meaning, it is claimed that lvPPA patients,
early in the course of their condition, perform well on
single word comprehension and other measures of semantics. The core impairment in lvPPA appears to be to the
phonological loop function, a function of auditory-verbal
short-term memory [28••]. This is said to account for the
difficulty with repetition and speech comprehension,
despite preserved grammar and single word comprehension. Nevertheless, as these patients progress, deficits with
single word comprehension and sentence-level grammar do
emerge; thus the term “progressive mixed aphasia” has
been used to characterize these individuals [4••, 5].
The lvPPA subtype was first characterized in detail by
Gorno-Tempini et al. [3]. Although lvPPA cases had
previously been reported [1, 29], the Gorno-Tempini et al.
[3] study initiated the consistent use of the term “logopenic” and established the identification of lvPPA (referred
to at that time as “logopenic progressive aphasia”) as a third
subtype of PPA. The lvPPA classification may correspond
to earlier reports of progressive aphasia, including PPA with
no specified subtype [30] and nonfluent variant PPA [31,
32]. As pointed out by Gorno-Tempini et al. [28••], the
discrepancies in identifying and labeling lvPPA and similar
syndromes stem partly from discrepancies in how the labels
“fluent” and “nonfluent” have been used in the literature.
Whereas lvPPA patients often fall into the “fluent” category
in formal aphasia tests owing to spared articulation and
grammar, clinicians not relying on formal aphasia tests may
label them as “nonfluent” given their slowed speech and
frequent word-finding pauses. Consistency in the PPA
literature can be improved by reserving the label “nonfluent/agrammatic” for patients with speech sound production and grammar deficits and using the label “logopenic”
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(meaning “lack of words”) for patients with slowed speech
but few speech errors or grammar deficits, as in the current
recommendations (Gorno-Tempini et al., Unpublished
data).
Several investigations have now demonstrated that
lvPPA is associated with atrophy of posterior perisylvian
and inferior parietal regions, typically more pronounced in
the left hemisphere [3, 4••, 28••, 33]. This pattern of
atrophy is consistent with the hypothesized impairment of
phonological-loop functions, which are thought to be
carried out in inferior parietal cortex [28••, 34].
Of the autopsy-confirmed cases summarized by Grossman
(Table 1) [4••], 24 cases were diagnosed as having the lvPPA
phenotype. The most frequent finding in lvPPA at autopsy
was AD pathology, observed in 12 of 24 cases (50%).
FTLD-TDP pathology was identified in nine cases (38%),
and a small number of cases exhibited FTLD-tau pathology
(n=3). Consistent with the common association with AD
pathology, many of the clinical features of lvPPA resemble
language impairments observed in AD [35].

Nonfluent/Agrammatic Variant PPA
NavPPA is also referred to as “nonfluent progressive
aphasia” or “progressive nonfluent aphasia.” This syndrome is most often associated with FTLD and marked by
dysfluent and effortful speech, with hesitations, retakes, and
errors in the production of speech sounds [3, 36, 37].
Speech rate (words per minute) in navPPA is one third to
one half that of healthy speakers [37, 38••]. The average
length of utterances is reduced in the connected speech of
navPPA patients because their sentences are often less
complex in structure, with a reduction in the use of
dependent clauses and phrases compared with healthy
speakers. NavPPA patients also make grammatical errors.
For example, they may omit required determiners, and they
may fail to produce appropriate subject-verb agreement
[39]. Dysfluency may also stem in part from dysarthria and
speech production errors known as apraxia of speech
(AOS), which is defined as an impairment of articulatory
planning [40, 41]. Over time, patients may reach the point
of producing little more than minimally connected content
words; eventually they may become mute. They also have
difficulty with grammatical comprehension, primarily for
complex grammatical constructions [42, 43], which, considered along with their poor grammatical production,
suggests that a grammar deficit may be central to the
syndrome of navPPA. Difficulty in naming is a feature
commonly found in navPPA [37, 38••], although this is not
as severe as in the semantic and logopenic variants of PPA,
and it may be related to difficulty in the phonologic
assembly of words [44]. Executive resources, notably
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working memory, may be impaired. However, single word
and object comprehension are relatively spared [45].
NavPPA has many similarities to Broca’s aphasia, a
syndrome resulting from stroke in the left hemisphere and
characterized by effortful, dysfluent speech. However,
agrammatism and phonological processing are typically
worse in Broca’s aphasia than in navPPA. Moreover, unlike
navPPA, executive resources are often spared in Broca’s
aphasia [46]. Differences between these nonfluent syndromes may be related in part to differences in their
underlying pathologies. Stroke produces an abrupt and
focal loss of tissue that also significantly injures white
matter areas; this contrasts with the insidiously progressive
tissue loss affecting more extensive regions of gray matter
in neurodegenerative disease.
NavPPA has some features in common with lvPPA,
including impaired repetition of phrases and sentences, speech
sound errors, and spared single word comprehension and
object knowledge. Little work has investigated whether there
are qualitative differences between navPPA and lvPPA in the
nature of the difficulties encountered during sentence repetition and speech-sound error production. Descriptions of the
two syndromes consistently remark on the presence of
agrammatism and simplified grammatical structures in the
speech of navPPA, contrasted with the relative sparing of
grammar and the impaired word retrieval exhibited in lvPPA.
Some authors group logopenic patients under the navPPA
classification [37], but currently most view the logopenic and
nonfluent variants as distinct syndromes. This differentiation
is supported to the extent that a differentiation of underlying
pathology has been established (Table 1).
There are differing views on whether the language
difficulties in navPPA primarily reflect a motor impairment
from AOS or a nonmotor language impairment. In a recent
study of speech errors in navPPA, the large majority of speech
sound errors (82%) were substitutions, insertions, deletions, or
transpositions, all of which contain actual speech sounds of
American English and likely represent incorrect retrieval of
the desired sound [38••]. Only the remaining 18% of errors
consisted of sounds that were not well-formed phonemes and
thus are likely to represent a motor impairment in which the
speech articulators are not optimally positioned or activated
to produce a proper speech sound of English. Neither type of
error correlated in frequency with speech rate or syntactic
complexity, but both types of error correlated with grammatical correctness, consistent with other reports [37]. These
findings suggest that AOS may occur within navPPA, but it
is not the central cause of the slowed, effortful speech that
characterizes this syndrome. Rather, a nonmotor language
impairment, perhaps in phonological retrieval, seems to play
a greater role in navPPA patients’ dysfluency. This may
accompany a syntactic deficit affecting the sentence construction aspect of fluency.
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Cortical atrophy in navPPA occurs predominantly in the
left hemisphere in an anterior perisylvian distribution,
involving inferior, opercular, and insular regions [3, 42].
As the disease progresses, atrophy extends to left dorsolateral prefrontal cortex and left superior temporal cortex. It
extends medially to involve orbital and anterior cingulate
regions and spreads posteriorly along the sylvian fissure
into the parietal lobe [6]. The impaired grammatical
comprehension that is characteristic of navPPA has been
found to correlate with atrophy in left inferior frontal
cortex, in accordance with considerable evidence that this
brain region contributes to sentence processing [42, 47].
Impaired fluency in terms of words per minute of
spontaneous speech has been associated with atrophy in
left interior frontal and superior temporal cortex [39, 47].
This association may reflect the role of a syntactic deficit in
impairing the flow of speech. Speech errors associated with
AOS in stroke patients have been localized to the anterior
portion of the left insula in one study [48]. A contrasting
study found a correlation of AOS with damage to left
Broca’s area in acute stroke patients [49]. However, these
findings in stroke patients may not be generalizable to a
neurodegenerative condition such as PPA.
Of the autopsy-confirmed cases summarized by Grossman
(Table 1) [4••], 85 cases were diagnosed as having the
navPPA phenotype. The most frequent finding in navPPA
was FTLD-tau, observed in 44 of the 85 cases (52%). AD
pathology was found in 21 cases (25%), and FTLD-TDP
was identified in 16 cases (19%). A minimal number of
cases exhibited dementia with Lewy bodies (n=2), dementia
lacking distinct histopathology (n=1), or mixed pathology
(n=1). Inferior frontal and superior temporal atrophy is seen
in navPPA with tau-positive disease confirmed by autopsy
[6, 21]. Parietal cortical atrophy on MRI and reduced functioning in parietal cortex on positron emission tomography
or single photon emission computed tomography are seen in
navPPA patients who have AD pathology [50].

Conclusions
The classification of PPA into semantic, logopenic, and
nonfluent/agrammatic variants is now recommended for
PPA diagnosis (Gorno-Tempini et al., Unpublished data). In
the past, these subtypes of PPA have often been recognized
under different names (Table 1). The systematic identification and investigation of these variants will be
improved through adoption of the new recommendations
and nomenclature.
Much work has already demonstrated that the PPA
variants have distinct clinical profiles. Despite this, the
accuracy of predicting pathology on the basis of clinical
diagnosis is disappointingly low. In a recent summary of
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clinical-pathologic correlations, even the strongest correlation—between svPPA and FTLD-TDP pathology—was
only 69% [4••]. The ability to accurately predict pathology
will be necessary as trials for etiology-specific treatments
become available. To this end, further work is needed on
the development of multimodal diagnostic methods, combining neuroimaging, neuropsychological measures, and
molecular markers from biofluids. These methods have the
potential to significantly improve pathology prediction. For
example, recent work demonstrates that combining neuroimaging with quantitative neuropsychological measures
yields a powerful multimodal predictor for AD pathology
in nonfluent forms of PPA [6].
In addition to characterizing PPA phenotypes, investigations of PPA have considerable impact on theories of
language function. The nature of the semantic impairment
in svPPA has important implications for theories of
semantic memory. Similarly, investigations of navPPA
inform our understanding of syntactic, phonological, and
motor processes in the brain, and lvPPA patients may be an
informative population for investigations of auditory working memory functions. There are still many open questions
about the nature of the language impairments in each of the
PPA variants. Future work can provide a more detailed
understanding of these language impairments and their
relationships to the underlying disease processes.
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