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Primary Progressive Aphasia and the Left
Hemisphere Language Network
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Primary progressive aphasia (PPA) is a clinical syndrome diagnosed when three core criteria are met. First, there should be a language im-
pairment (i.e., aphasia) that interferes with the usage or comprehension of words. Second, the neurological work-up should determine that
the disease is neurodegenerative, and therefore progressive. Third, the aphasia should arise in relative isolation, without equivalent deficits of
comportment or episodic memory. The language impairment can be fluent or non-fluent and may or may not interfere with word compre-
hension. Memory for recent events is preserved although memory scores obtained in verbally mediated tests may be abnormal. This distinc-
tive clinical pattern is most conspicuous in the initial stages of the disease, and reflects a relatively selective atrophy of the language network,
usually located in the left hemisphere. There are different clinical variants of PPA, each with a characteristic pattern of atrophy. Clinicoana-
tomical correlations in patient with these variants have led to new insights on the organization of the large-scale language network in the hu-
man brain. For example, the left anterior temporal lobe, which was not part of the classic language network, has been shown to play a critical
role in word comprehension and object naming. Furthermore, patients with PPA have shown that fluency can be dissociated from grammati-
cality. The underlying neuropathological diseases are heterogeneous and can include Alzheimer’s disease as well as frontotemporal lobar de-
generation. The clinicians task is to recognize PPA and differentiate it from other neurodegenerative phenotypes, use biomarkers to surmise
the nature of the underlying neuropathology, and institute the most fitting multimodal interventions.
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INTRODUCTION

Primary progressive aphasia (PPA) is a neurodegenerative
syndrome that is diagnosed in patients who present with an
initially isolated and progressive impairment of language. The
term was introduced in 1987" and led to a classification into 3
variants in 2011.” First considered rare, PPA is now being rec-
ognized with increasing frequency as a major form of demen-
tia. In the 5-year interval from 2001 to 2005, 180 scientific pa-
pers were published with “PPA” in the title or abstract. This
number has increased to 900 during the subsequent 5 years

@ This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/3.0) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the ori-
ginal work is properly cited.

from 2011 to 2015. Despite this increasing awareness, howev-
er, patients with PPA remain underserved when compared to
those with typical amnestic dementias and typical stroke-in-
duced aphasias. There is skepticism of the value of providing
speech and language therapy services to individuals with pro-
gressive disease;® and although reports of language treatment
in PPA are being published with increasing frequency, the ac-
counts are mostly based on single cases or small groups so that
there is a scarcity of data on generalization and maintenance ef-
fects.* There are equally complex challenges at the medical lev-
el, where clinicians and families may be unduly preoccupied
with the question of whether this is ‘PPA or Alzheimer’s disease
(AD), not realizing that it can frequently be both. In fact, an
atypical form of AD accounts for approximately 40% of the
cases.® Even specialists tend to overlook this fact so that PPA
patients become excluded from clinical trials designed to treat
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AD’

Within the language-dominant hemisphere (usually left),
a distributed network of interconnected regions subserves
language-related functions. Each network component displays
a relative specialization for individual aspects of language. De-
pending on the anatomical location of peak neuronal loss,
PPA can lead to impairments of naming (anomia), word find-
ing (logopenia), grammar (agrammatism), repetition (impair-
ment of phonological loop), spelling (dysgraphia), reading
(dyslexia), and comprehension (impaired verbal semantics).
Variations in the site of peak atrophy and corresponding varia-
tions in the cluster of aphasic features provide the basis for the
subtyping of PPA patients.

CRITERIA FOR THE DIAGNOSIS
OF PPA

Age of symptom onset in PPA is most frequently in the 50s
and early 60s, with an even representation of males and fe-
males. The diagnosis is made when the following three core
criteria are met.®

1) Insidious onset and gradual progression of language im-
pairment (i.e., aphasia). Word finding pauses during speech,
uninformative output dominated by fillers, grammatically ab-
normal or disordered sentences, inability to name parts of ob-
jects, failure to understand the meaning of words, and spelling
errors are common manifestations of PPA. An impairment of
speech (dysarthric, apraxic, aphemic) alone is not sufficient for
the diagnosis.

2) A neurodegenerative, and therefore progressive, process as
the only underlying cause. This criterion is established through
standard neurodiagnostic procedures that rule out cerebrovas-
cular, space occupying, post-traumatic, or other potential causes
of a language disorder.

3) Prominence of the aphasia, which arises as the most con-
sequential (i.e., primary) impairment and progresses to become
the principle cause of disrupted daily living activities.

Patients with typical amnestic forms of AD [dementia of the
Alzheimer-type (DAT)] are brought to medical attention be-
cause of forgetfulness, patients with posterior cortical atrophy
(PCA) because of visuospatial disorientation, and patients with
frontal-type dementias (FID) because of aberrant behaviors
or apathy. In contrast, patients with PPA come with a history
of word finding impairments, difficulty remembering names
of persons and objects, inability to communicate in complete
sentences, and errors in interpreting the meaning of words.

Before the PPA diagnosis can be finalized, it is necessary to
establish that episodic memory, visuospatial skills, executive
functions and behavior were relatively preserved during an
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initial period of at least 1-2 years. This can be done in part
through history from a reliable informant and in part through
cognitive testing. As scores on verbally mediated tasks are dif-
ficult to interpret in an aphasic patient, non-verbal standard-
ized tests should be used whenever possible. These include the
Visual Verbal Test for executive functions, the 3 Words-3
Shapes Test for memory, and the Judgment of Line Orientation
Test for visuospatial orientation.”"!

The evaluation of patients with motor speech impairment is
particularly challenging. Dysarthria, aphemia and apraxia of
speech (AOS) need to be distinguished from paraphasias, word
retrieval impairments and agrammatism. Asking the patient
to write can help to make the distinction. If the patient cannot
write accurately and fluently, the verbal output impairment
cannot be attributed to speech abnormalities alone. When a
patient has a prominent AOS and the aphasic component is of
lesser magnitude, a diagnosis of progressive AOS rather than
PPA should be made."”

Progressive aphasic impairments can arise in patients with
DAT, PCA, FTD and even the corticobasal syndrome (CBS).
None of these patients, however, would qualify for a diagnosis
of PPA because their language impairments constitute second-
ary features overshadowed by the memory loss (as in DAT),
visuospatial disorientation (as in PCA), behavioral abnormal-
ities (as in FTD) and movement abnormalities (as in CBS).
Such patients can be said to have a progressive aphasia, but not
a PPA. The PPA diagnosis is justified only when the aphasia,
having emerged in relative isolation, remains salient during
most of the course of the disease.” It is also important to avoid
excessive reliance on test results. If a patient with a promi-
nent progressive aphasia, whose only complaint is an inabili-
ty to find words, also happens to have subnormal scores in
some frontal lobe test battery but without corresponding im-
pairments of daily activities (e.g., disinhibition, perseveration,
apathy), a PPA diagnosis is justified.

The diagnosis of PPA is based on the initial features of a
neurodegenerative syndrome. As will be described below; all
neurodegenerative diseases progress and eventually encom-
pass other networks. When a patient with a history and/or
medical record consistent with an initial PPA diagnosis seeks
consultation at a stage when the aphasia is no longer the only
prominent impairment, the diagnosis of PPA+ (PPA plus) can
be made. The underlying assumption in this diagnosis is that
the disease had the characteristic of PPA at onset. The spread
of neurodegeneration beyond the language network happens
in almost all PPA patients but the rate of progression varies
greatly, with a range of 2-10 years before the aphasia stops
becoming the most salient and consequential feature.
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ANATOMY OF ATROPHY (Fig. 1)

The defining feature of PPA is the asymmetrical neurode-
generation of the left hemisphere. The asymmetry can be quite
pronounced and the contralateral hemisphere may appear in-
tact during the initial years. Within the language network,
neurodegeneration can encompass ‘Brocas area’ in the inferior
frontal gyrus (IFG) and ‘Wernicke’s area’ in the superior tem-
poral gyrus (STG) and the TP]. The anterior temporal lobe
(ATL) can also be involved, all the way into the polar region.
The distribution of neurodegeneration, usually identified in
the form of atrophy sites by structural imaging modalities, de-
termines the nature of the resultant aphasia. In patients whose
structural scans are normal at the time of symptom onset,
SPECT or FDG PET scans may show decreased blood flow
and metabolism in language-related areas of the dominant
hemisphere. However, MRI, CT and even PET scans at such
early stages may be completely normal and may lead the cli-
nician to attribute the symptoms to anxiety, laryngeal dys-
function or other non-neurological factors." In approximate-
ly 40% of left-handers, language dominance is located in the
right hemisphere and may lead to PPA caused by asymmetri-
cal atrophy of the right hemisphere.”” Rarely, right hemisphere
dysfunction can cause ‘crossed’ PPA in right-handers." Corti-
cal components of the language network are interconnected
through the arcuate fasciculus, the uncinate fasciculus, the in-
ferior longitudinal fasciculus, the aslant tract and the inferior
frontooccipital fasciculus. These axonal pathways can also
undergo degenerative changes in PPA."”"

THE ASSESSMENT OF LANGUAGE

A practiced clinician can diagnose aphasia at the bedside.
However, the further subtyping of PPA and the formulation
of clinicopathologic correlations related to the language net-
work require the use of specialized testing instruments. In our
laboratory, word comprehension is tested with a subset of 36
moderately difficult items (157-192) of the Peabody Picture
Vocabulary test, PPVT-IV.*® Each item requires the patient to
match an auditory word representing an object, action or at-
tribute to one of 4 picture choices. Although the PPVT-IV is
a word-picture matching task, less than half of the items repre-
sent concrete objects. The majority of the remaining words
(e.g., salutation, perplexed, culinary) require extensive associa-
tive interpretation (i.e., comprehension) of the words so that
they can be matched to pictorial representations of the corre-
sponding concept. Performance in the PPVT-IV correlates
with word-word association tasks but not with tests of fluen-
cy.”! The Boston Naming Test is used to assess the naming of

objects.” It is a 60-item standardized test in which items are
administered in order of decreasing frequency of occurrence
in the language. Non-verbal object knowledge is assessed with
the three picture version of the Pyramids and Palm Trees test*
where the patient is asked to decide which of two pictures is
conceptually more closely associated with a target object. The
ability to understand sentences is assessed with the most dif-
ficult non-canonical items of the Sentence Comprehension
Test of the Northwestern Assessment of Verbs and Sentences
(NAVS).* In this test, the subject is shown a pair of reversible
action pictures and asked to point to the one that matches a
grammatically complex (i.e., non-canonical) sentence. The verbs
and nouns used in the test of sentence comprehension (boy,
girl, dog, cat, kiss, chase) are of high enough frequency in Amer-
ican English to be understood by all subjects so that poor per-
formance indicates a specific impairment of sentence compre-
hension. Sentence production scores on the Northwestern
Anagram Test (NAT)** and the Sentence Production Priming
Test of the NAVS* were averaged to derive a composite score
of grammaticality of sentence production.** The NAT does not
require verbal responses and was specifically designed to dis-
sociate agrammatism from lack of fluency. Repetition of
phrases and sentences is tested with the 6 most difficult items
of the WAB Repetition subtest.'* To control for differently
scaled variables, quantitative performance scores are trans-
formed into a percentage of the total possible score. Control
subjects of similar ages and education levels perform all of these
tests with accuracy levels of 98% or higher."* Analogous tests
can be used for languages other than English. The greatest chal-
lenge lies in finding comparable tests of grammar since differ-
ent languages differ to a much greater extent in sentence struc-
ture than in other aspects of language function.

THE MAJOR CLINICAL SUBTYPES

Syndromes of classic aphasiology were based almost entire-
ly on patients with cerebrovascular accidents where onset is
abrupt and where gray and deep white matter may both be
damaged with equal severity. In contrast, many neurodegen-
erative diseases selectively destroy the cerebral cortex and also
display a progressive course that encompasses degenerative as
well as compensatory phenomena. Furthermore, PPA may
arise through the selective neurodegeneration of areas that are
relatively immune to cerebrovascular accidents. These are
some of the reasons why the characterization of language dis-
turbances in PPA necessitates a new classification system and
a slightly revised view of the language network.

According to current practice, the language impairment in
PPA is classified into one of three principal patterns- agram-
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matic, logopenic and semantic.>'* The core feature of the
agrammatic subtype (PPA-G) is a distortion of word and sen-
tence construction as manifested by abnormal word order
(syntax), distorted use of word endings, misuse of pronouns,
and the omission of small grammatical words such as articles
and prepositions. In mild cases, these abnormalities may only
emerge in writing. Most agrammatic patients will also have
low speech fluency, as if every word required extra effort to be
retrieved and produced, even in the absence of dysarthria.
Word comprehension is spared but grammatically complex
sentences may fail to be deciphered. The most distinctive ana-
tomical feature of PPA-G is the presence of peak atrophy sites
within the language-dominant IFG, where Broca’s area is lo-
cated (Fig. 1). Additional peak atrophy sites may be found in
more dorsal and medial parts of posterior frontal cortex, in
the TPJ.

The core features of the semantic subtype (PPA-S) include
profound impairments of object naming and word compre-
hension on a background of preserved fluency, repetition and
grammar. Initially, the relatively preserved comprehension of
casual conversation (in part due to the patient’s ability to catch
contextual cues) contrasts sharply with severe deficits in un-
derstanding nouns that denote objects, especially animals,
fruits and vegetables. Initial comprehension and naming im-
pairments display the phenomenon of taxonomic interference
whereby words are understood at a generic but not specific
level of meaning.”” An analogous impairment at the stage of
translating percepts and thoughts into words leads to the se-
mantic paraphasias and vagueness of speech content. As the
disease progresses, the comprehension impairment extends to
all word classes and sentences. Surface dyslexia and dysgraph-
ia (inability to read or spell words that have irregular phonol-

Fig. 1. Atrophy maps in PPA subtypes from Mesulam et al.?® PPA-G, PPA-L, PPA-S- agrammatic, logopenic, and semantic variants of pri-
mary progressive aphasia. ATL: anterior temporal lobe, IFG: inferior frontal gyrus, STG: superior temporal gyrus, TPJ: temporoparietal junc-

tion. Adapted from Mesulam et al. Arch Neurol 2009;66:1545-1551.2
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ogy) are commonly seen. The distinctive peak atrophy sites in
PPA-S are concentrated within the ATL of the left hemisphere
(Fig. 1).

The logopenic subtype (PPA-L) is characterized by variable
interruptions of fluency on a background of intact grammar
and comprehension. The patient may appear fluent if allowed
to engage in small talk and generalities but starts to display fre-
quent word-finding hesitations when access to specific terms
and infrequently used words becomes necessary. Many pa-
tients will circumvent these retrieval blocks through circumlo-
cutions but a careful listener will detect a simplification of out-
put and vagueness of meaning. Object naming impairments
(anomia), based on word retrieval failures, are usually present
and may elicit phonological paraphasias. Abnormal repetition
has been included as a necessary criterion for the research-
based diagnosis of this subtype. However, this feature can be
so mild that its inclusion as a core criterion may need to be
reconsidered."* The distinctive anatomical pattern in PPA-L
is one where the atrophy is much more pronounced in the
posterior than anterior parts of the language network (Fig. 1).
Peak atrophy sites encompass posterior temporal cortex, in-
cluding the STG and the TPJ where the inferior parietal lob-
ule joins the posterior parts of the superior and middle tem-
poral gyri.

In a few PPA patients, combined impairments of grammar
and comprehension arise early in the course of the disease.
These patients constitute a fourth group of ‘mixed’ PPA (PPA-
M)."** Peak atrophy sites in these patients include the IFG as
well as the ATL of the language-dominant hemisphere.

CLASSIFICATION SYSTEMS

Consensus guidelines for subtyping PPA have been com-
piled.* These guidelines have greatly improved the status of
research on PPA but they also have some shortcomings. In
their present version, the guidelines do not account for all lan-
guage impairment patterns of PPA so that approximately 30%
of patients may remain unclassified. Furthermore, some pa-
tients may fulfill criteria for more than one subtype. Minor
revisions to correct these problems are being considered.”” The
consensus guidelines also require the assessment of 10 differ-
ent domains of language function. Their routine implementa-
tion even in research settings would be burdensome. A sim-
pler, albeit less rigorous, alternative is to use the 2-dimensional
template based on word-comprehension and grammar func-
tion as shown in Fig. 2.

The upper left and lower right quadrants of this template
closely correspond to the PPA-G and PPA-S subtypes delineat-
ed by the 2011 consensus guidelines. The lower left quadrant

incorporates the PPA-M patients, a subtype that is not part of
the 2011 guidelines. The upper right quadrant is the most het-
erogeneous. It contains not only the PPA-L subtype as defined
by the 2011 guidelines (i.e., combination of word retrieval and
repetition impairments), but also patients who are descriptive-
ly logopenic (i.e., have word retrieval impairments) but with-
out abnormalities of repetition. The template approach is most
meaningful if it is used within 1-3 years after symptom onset.
If it is used too early in the disease, the upper right quadrant
will contain patients in the prodromal stages of PPA-G and
PPA-S; if it is used at advanced stages, many patients will have
developed language production as well as comprehension im-
pairments and will gravitate toward the lower left quadrant.

NEW INSIGHTS INTO THE
LANGUAGE NETWORK

The classic language network revolves around two epicen-
ters known as Broca’s area (located within parts of the IFG)
and Wernicke’s area (involving subsectors of the STG, TP]J
and adjacent areas), interconnected through the arcuate fas-
ciculus.® The anterior cortical parts of this network were tra-
ditionally associated with fluency and grammar, the posterior
parts with language comprehension, and the arcuate fascicu-
lus with language repetition. As noted above, this model and
the associated aphasia syndromes were based on case studies
of patients with cerebrovascular accidents. In contrast to cere-
brovascular accidents, neurodegenerative diseases that cause
PPA selectively target specific layers and regions of cortex.
Deep white matter is usually spared. Even within peak corti-
cal atrophy sites, neuronal destruction is never complete, and
remaining neurons can still participate in language function,
albeit with distorted patterns of network connectivity.*'** The
partial and gradual neuronal loss in PPA sets the stage for ex-
tensive reorganization of cerebral circuitry, at least some of
which may be compensatory.* These partial and progressive
perturbations of the underlying network induce dissociations
of language function that can differ from those that arise in
patients with cerebrovascular disease. Additionally, selective
neurodegeneration may target areas such as the ATL that are
rarely destroyed by focal cerebrovascular accidents. These are
some of the reasons why the language disturbances in PPA
have generated new insights into the anatomy of language.

Investigations of PPA-S, for example, showed that the classic
model is incomplete and that the left ATL, including the tem-
poral pole, should be included within the language network as
a third hub that plays a critical role in single word comprehen-
sion and object naming.”* The right ATL displays a different
pattern of specialization related to the non-verbal recognition
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of objects and faces. Neurodegeneration of the right ATL can
therefore lead to progressive associative agnosias.” In cases of
bilateral ATL atrophy, word, object and face recognition and
jointly impaired, giving rise to the syndrome of semantic de-
mentia (SD).* PPA-S and SD are therefore distinct syndromes
with different distributions of neuronal dysfunction.

Another major deviation from the classic account comes
from Investigations on PPA-L, where cortical atrophy encom-
passes the TPJ and posterior STG, a territory that falls within
the traditional boundaries of Wernicke’s area. These studies
have shown that the region designated “Wernicke’s area” by
classic aphasiology is important for language repetition (i.e.,
phonological loop function) and sentence comprehension but
not single word comprehension.”*' The classic language mod-
el had considered Wernicke's area to be critical for all kinds of
language comprehension, word as well as sentence, probably
because the cases that were used to generate the model were
based on cerebrovascular accidents that destroyed not only the

cortex of ‘Wernickes area’ but also the deep white matter that
linked otherwise spared temporoparietal areas to the ATL.*

Classic aphasiology considered grammar and fluency to
have a common substrate so that the terms such as ‘agram-
matic aphasia’ and ‘nonfluent aphasia’ tended to be used inter-
changeably. Work on PPA showed this not to be the case as
grammaticality and fluency can be dissociated from one an-
other, clinically and anatomically.**** One relevant finding
comes from clinicoanatomical correlations based on diftusion
tensor imaging which showed that grammaticality is associat-
ed with the integrity of the arcuate fasciculus whereas fluency
is associated with the integrity of the aslant tract.'®

The traditional account of the language network tends to
advocate an anterior-posterior axis where grammar/fluency is
mapped anteriorly and sentence/word comprehension poste-
riorly. Work on PPA is helping to transform this view into a
dorsal-ventral axis where grammar/fluency/repetition/sen-
tence comprehension is mapped dorsally while object naming/

GOOD AGRAMMATIC (PPA-G)

is abnormal. Phrase structure is

Speech may be effortful with word

Grammar of spoken or written language

impoverished and fluency is usually low.

LOGOPENIC (PPA-L)
Word retrieval impairments lead to
fluency and anomia. Circumlocutions
and phonemic paraphasias are

comprehension are preserved. Patients

Z0—-mZmMImAuv=00

POOR

finding hesitations. Comprehension of
complex sentences may be impaired
but single word comprehension is
preserved. The left IFG is almost always
a region of peak atrophy. The most
common pathology is FTLD with
tauopathy but FTLD-TDP and AD can
also be seen.

I common. Grammar and single word

in this quadrant can be divided into two
groups based on the integrity of
repetition. The posterior
(temporoparietal) part of the language
network is a region of peak atrophy.
The pathology is most commonly of the
Alzheimer type but FTLD can also be
seen.

MIXED (PPA-M)

The defining features include word
comprehension and grammar
impairments of nearly equal severity at
relatively early stages of the disease.
Peak atrophy sites are seen in the IFG
as well as the ATL . Too few cases have
come to autopsy to make reliable
statements about underlying pathology
types.

SEMANTIC (PPA-S)

Single word comprehension and object
naming are severely impaired. Grammar
and repetition are preserved. Speech is
vague and may contain semantic
paraphasias and circumlocutions. Peak
atrophy is located in the ATL. The
pathology is usually FTLD-TDP of type
C but Pick’s disease can also be seen.

POOR === GRAMMATICALITY ====3 GOOD

Fig. 2. A 2-dimensional template for the rapid clinical classification of PPA patients. PPA-G, PPA-L, PPA-M, PPA-S- agrammatic, logopenic,

mixed and semantic variants of primary progressive aphasia.
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word comprehension is mapped ventrally. These new perspec-
tives introduced by PPA do not negate what has been learned
from the classic account. They simply show that the methodol-
ogy of observation (in this case cerebrovascular versus degen-
erative lesions) influences the inferences that are drawn. Real-
istic accounts will require the integration of results obtained
using multiple lesion types and multiple testing procedures.

NEUROPATHOLOGY AND
DIFFERENTIAL DIAGNOSIS

The PPA syndrome can be caused by Alzheimer pathology
or frontotemporal lobar degeneration (FTLD). The two major
classes of FTLD most relevant to PPA are designated FTLD-
tau and FTLD-TDP* In FTLD-tau the abnormal protein is a
hyperphosphorylated and misfolded form of tau with mor-
phologic and molecular features that are different from the
neurofibrillary tauopathy of AD. In FTLD-TDP the pathology
revolves around abnormal precipitates of the 43 kd transac-
tive response DNA-binding protein TDP-43. FTLD-TDP
comes in 4 types (A-D), each characterized by a distinctive
intracortical location and morphology. Major FTLD-tau sub-
types include PicK’s disease (PiD), tauopathy of the cortico-
basal degeneration (CBD) type, and tauopathy of the progres-
sive supranuclear palsy (PSP) type, each identified according
to the molecular forms or morphology of the hyperphos-
phorylated tau precipitates.

According to multiple autopsy series, approximately 30% of
PPA patients are found to have the neuropathology of FTLD-
tau while an additional 30% have FTLD-TDP. The remaining
40% of patients display Alzheimer pathology but with neuro-
fibrillary degeneration that can be more intense in the lan-
guage-dominant hemisphere.**** Rarely, PPA can be caused
by diffuse Lewy body disease.® Although Jacob-Creutzfeldt
disease can also lead to a relatively isolated aphasia, the course
is usually much faster and inconsistent with the temporal
course of a neurodegenerative process.” This heterogeneity
shows that the clinical specificity of the PPA syndrome is not
determined by the histopathology of the disease but, rather,
by its anatomical predilection for the language network of the
brain.

Accurate clinical classification of PPA increases the preci-
sion with which the clinician can predict the nature of the un-
derlying pathology. In PPA-S, 75-80% of patients will be found
at autopsy to have FTLD-TDP pathology of type C, with most
of the remaining having PiD.***' Approximately 60-70% of
PPA-G patients have FTLD-tau with the remaining having
Alzheimer pathology or FTLD-TDP of type A. The pattern is
different in PPA-L where approximately 75% of patients have

Alzheimer pathology and the remainder FTLD-T or FTLD-
TDP of type A.*

Within the PPA-G and PPA-L subtypes patients with and
without Alzheimer pathology are nearly indistinguishable-
they both have asymmetric atrophy, progressive aphasia and
relative preservation of memory for recent events. The ques-
tion of differential diagnosis in these patients can be addressed
with the help of biomarkers such as amyloid imaging and de-
terminations of tau and beta amyloid in the CSE A positive
amyloid PET scan or high phosphotau with low beta amyloid
in the CSF signals a high likelihood of Alzheimer pathology
while a negative amyloid scan with normal CSF beta amyloid
and phosphotau excludes Alzheimer pathology. In the future,
tau imaging with PET will help to differentiate FTLD-tau from
FTLD-TDP. Patients will frequently ask whether the diagnosis
is ‘PPA or AD: The clinician needs to state that it could be
both, and then explain that in this context the term ‘PPA refers
to the clinical features experienced by the patient while the
term ‘Alzheimer’ refers to the nature of the microscopic chang-
es that damage the language-related parts of the brain.

The Alzheimer pathology associated with the logopenic
and agrammatic subtypes of PPA has prominent features that
set it apart from the typical amnestic form of this disease. 1)
Onset is most commonly before the age of 65, explaining why
the female predominance of typical AD is not present. 2) Peak
atrophy shows an asymmetric predilection for the language-
dominant left hemisphere and display only partial overlap
with the atrophy signature of typical AD.** 3) The ApoE ¢4 al-
lele is not a risk factor.® 4) Learning disabilities, including dys-
lexia, are risk factors.™* 5) Neurofibrillary tangles can display
atypical asymmetric distributions that violate the Braak and
Braak pattern by favoring language cortex over mediotempo-
ral limbic areas.*” 6) Neuritic amyloid plaques may be asym-
metrically distributed, favoring the left hemisphere.” 7) TDP-
43 abnormalities, seen in at least 30% of typical AD cases, are
less frequently encountered in the AD pathology associated
with PPA.*¥ These features indicate that the AD associated
with PPA has temporal, anatomical, neuropathologic and ge-
netic factors that diverge from those of the far more common
late-onset and amnestic forms of AD.

Patients with atypical non-amnestic dementias tend to be
excluded from AD clinical trials, where outcome measures
tend to emphasize memory function. The advent of biomark-
ers now makes it possible to identify the contingent of PPA
patients with underlying AD pathology. Their inclusion in
clinical trials will offer these patients equal access to novel
agents but will require the introduction of new outcome mea-
sures designed to assess the relevant non-amnestic domain of
primary cognitive impairment.
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TRAJECTORY OF PROGRESSION

Gradual intensification of impairment is the hallmark of
PPA."** Each clinical subtype displays a somewhat differ-
ent progression trajectory. In PPA-S, the extension of ATL
atrophy into the anterior insula, posterior orbitofrontal cor-
tex and contralateral ATL may lead to the emergence of be-
havioral abnormalities characteristic of FTD syndromes or
associative agnosias characteristic of the SD syndrome. In
PPA-G, the spread of atrophy to motor areas and basal gan-
glia may lead to the emergence of movement disorders char-
acteristic of the CBD or PSP syndromes. The trajectory of
PPA-L is the most variable. In some patients, additional IFG
atrophy leads to the emergence of features characteristic of
PPA-G. In others, the spread of atrophy into additional parts
of the temporal lobe leads to word comprehension and mem-
ory impairments. Some cases of PPA-L can show an unusual-
ly indolent pace of progression for up to a decade or more
during which daily living activities that do not depend on
language are preserved.

PATIENT CARE

Patient care in PPA can be divided into symptomatic and
etiological components. The symptomatic approach starts
with an evaluation by a knowledgeable speech therapist who
can work with the patient and family to maximize communi-
cative effectiveness. The etiological component of patient care
revolves around the judicious use of clinical subtyping and
biomarker information to surmise the nature of the underly-
ing disease process. Based on this information, the clinician
can decide whether to use Alzheimer medications or to chan-
nel the patient into clinical trials relevant to AD or FTLD.

For several years following symptom onset, the non-domi-
nant hemisphere may show no significant atrophy or loss of
metabolism.* Within the affected dominant hemisphere atro-
phic components of the language network may continue to
participate in language tasks.”” The question has therefore
been raised whether activation of either hemisphere with
transcranial magnetic stimulation might prove beneficial.
Anecdotal reports have described positive results.”

CONCLUSIONS

Although it is being diagnosed with increasing frequency,
PPA is still a rare syndrome so that patients, families and cli-
nicians usually find it difficult to access appropriate resourc-
es. A dedicated website, the international PPA connection
(ppaconnection.org), has been established to serve as an in-
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ternational registry for patients and resources. Its goal is to
link patients and clinicians to relevant local resources around
the world and, in the future, help launch collaborative clini-
cal trials when promising therapeutic interventions become
available. The site also contains demonstrations of key diag-
nostic features and a section on frequently asked questions.

The field of PPA is enjoying considerable progress in diag-
nostic accuracy, clinical characterization, differential diagnosis,
and clinicopathologic correlation. Much additional work,
however, remains to be done to identify more creative inter-
ventions for addressing clinical symptoms as well as more ef-
fective therapeutic agents aimed at the underlying disease pro-
cess. These are challenges that PPA shares with nearly all other
neurodegenerative syndromes. While these challenges are be-
ing addressed, PPA will continue to offer unique opportuni-
ties for exploring the neurobiology of language and the mo-
lecular bases of selective vulnerability.
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