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Abstract Logopenic progressive aphasia is the most recently
described clinical variant of primary progressive aphasia
(PPA), defined by impairment of lexical retrieval and sentence
repetition. Unlike other PPA variants, the logopenic variant of
PPA (Iv-PPA) is commonly associated with Alzheimer’s dis-
case (AD), a fact that is relevant to the selection of patients for
clinical trials and disease-modifying therapies. Despite the
straightforward definition and coherent pathological associa-
tion, the existence of Iv-PPA has been challenged, as its dis-
tinction from AD or other PPA variants can be difficult. Despite
these issues, lv-PPA patients display characteristic linguistic
deficits, a pattern of brain atrophy, and possibly genetic sus-
ceptibility, which warrant considering this variant as a discrete
AD endophenotype. More specific clinical and anatomical
markers can strengthen the consistency of this syndrome.
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Introduction

Logopenic progressive aphasia is the most recently described
variant of primary progressive aphasia (PPA), and is charac-
terized by deficits in lexical retrieval and impaired repetition of
sentences or phrases [1, 2]. The growing interest in this con-
dition is reflected in the increasing number of publications on
the topic and in its incorporation into the international consen-
sus criteria for the classification and diagnosis of PPA [3ee].
The relevance of the syndrome is twofold. First, although up to
a third of patients with PPA have underlying Alzheimer’s
disease (AD) [4, 5], no specific aphasic profile had been linked
to this disease before the inception of the logopenic variant of
PPA (Iv-PPA). Second, lv-PPA provides a natural paradigm to
investigate the clinical-anatomical heterogeneity of AD
given that patients with lv-PPA display a distinctive clinical
profile, distribution of brain atrophy, and possibly genetic
susceptibility, which differ from those patients with typical
AD presentation. The existence of Iv-PPA as an independent
entity remains, however, somewhat controversial [6°]. First,
the clinical definition of Iv-PPA rests largely on the absence of
deficits that define the other variants of PPA [7, 8]. Second,
since language deficits are common in AD and, conversely,
nonverbal cognitive involvement in Iv-PPA occurs early on
[9, 10e], the clinical boundary between Iv-PPA and other AD
presentations can be somewhat blurry. Each of these issues
will be discussed in this review.

Clinical Features

Language and speech deficits in 1v-PPA have been described
and formalized by the international consensus criteria for
diagnosis and classification of PPA [3e¢]. According to these
criteria, impaired confrontation naming or word-finding diffi-
culties and impaired sentence repetition are the core language
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deficits that typify Iv-PPA. In addition to these core deficits, all
patients must have any of three of the following features:
phonological errors in spontaneous speech and naming, pres-
ervation of semantic knowledge, spared motor speech, and
absence of frank agrammatism. Although these criteria
capture the vast majority of Iv-PPA cases, a proportion of
patients present with ambiguous identification owing to the
presence of overlapping deficits with other PPA variants [8,
11]. For instance, a patient with word-finding difficulties,
impaired sentence repetition, and some level of impaired
productive syntax, but otherwise preserved semantic knowl-
edge and motor aspects of speech, can be identified as having
either Iv-PPA or the nonfluent/agrammatic variant of PPA
(nfv-PPA). As such, several clinical series have enriched the
clinical and linguistic characterization, providing a more thor-
ough account of this syndrome, which can be useful to dis-
criminate such borderline cases [8, 12¢, 13, 14].

During spontaneous conversation, patients with 1v-PPA
display marked word-finding pauses with hesitations that in-
terrupt the flow of conversation and give their speech a
nonfluent quality [12¢]. Their speech is interrupted with filling
sounds such as “mmm,” “uhh,” and “ohh,” with words as if
searching for the “right word,” or alternatively, the patient
simply repeats segments of the utterance such as “my mother
went, my mother went, to my home.” Some patients have false
starts or hesitant speech, but in contrast to nonfluent patients
with apraxia of speech, articulation is preserved without dis-
tortion or loss of prosody. Phonological paraphasias can be
present during spontaneous speech or during repetition of
naming tasks. Unlike phonetic errors that reflect a disruption
of temporal and spatial parameters of speech, phonological
paraphasias are linguistic-based errors that reflect a disorder of
the selection and ordering of the target word. Thus, these errors
are characterized by substitution, addition, or deletion of well-
articulated phonemic segments. Despite this theoretical demar-
cation, in clinical practice, phonological errors are easily con-
fused with phonetic errors that typify nfv-PPA patients with
apraxia of speech [7]. The thorough evaluation of speech and
language deficits, therefore, can assist in the distinction be-
tween the aforementioned variants, as shown in Table 1.

Table 1 Contrasting language features

Although the current criteria explicitly state absence of
“frank” agrammatism, it is well recognized that lv-PPA pa-
tients can display oversimplification of grammatical structures
and syntactical errors, findings attributed to a reduced verbal
short-term memory capacity and word-finding problems caus-
ing incorrect lexical usage rather than lost capacity to establish
syntactical relationships [12e, 15].

Deficits in confrontation naming may be as severe as in the
semantic variant, but errors are usually “don’t knows” or pho-
nological rather than the semantic coordinate and superordinate
errors seen in semantic variant cases. In addition, it is clear that
the items are known by the patient (“it’s the Australian one... it
hops around”), and phonological cueing is said to improve
performance on this task [11, 13, 16]. Another key differenti-
ating feature between these two variants is the sparing of
single-word comprehension in logopenic patients [8, 11].

Repetition of short words is usually normal, although pa-
tients with 1v-PPA can have problems with multisyllabic
words (e.g., “hippopotamus”) and produce phonological er-
rors in these cases. To complicate things further, some nfv-
PPA patients have borderline performance on this task, which
may limit the usefulness of a single-word repetition task in the
differentiation of PPA syndromes [11, 16]. Sentence and
phrase repetition is characteristically very impaired and is
considered one of the clinical hallmarks of 1v-PPA [2, 17].
In this task, patients often omit words or replace words with
similar ones, a type of error that is thought to be caused by
reduced verbal short-term memory capacity [2]. As such,
instead of repeating, “The Chinese fan contained the rare
emerald,” the patient may say, “The Chinese fan contained...”
or “ The Chinese fan had an emerald.” The same mechanism
can cause impairment in sentence comprehension, which is
more influenced by the length and familiarity than by the
grammatical complexity of the given sentence.

Phonological dyslexia, characterized by difficulties in read-
ing nonwords, has been documented in patients with Iv-PPA
and has been interpreted as a reflection of the phonological
disintegration [18]. In addition, we have observed several Iv-
PPA patients with dyslexia characterized by the relative facility
of reading short over long words and by the use of letter-by-

Nonfluent/agrammatic variant

Logopenic variant

Speech is strikingly segmented, not fluent, and telegraphic

Groping and labored speech, distorted sounds, frequent segmentations
that slow notoriously the flow of speech

Changes in prosody and stress of utterances. The pronunciation of an

Remarkable pauses or hesitancy in spontaneous speech caused by “lack of
words” (word-finding difficulties)

Frequent pauses, stammering, and false starts can be confused with groping
speech

overemphasized fricative at the beginning of words, groping speech Prosody and stress are largely preserved.

Phonetic errors
Difficulties in repeating long words, such as “catastrophe”
Errors in sentence repetition mirror baseline speech errors

Phonological errors

Phonological errors in repeating multisyllabic words

Sentence repetition is impaired because of incomplete repetition, replacement
with related words, or the presence of phonological errors
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letter reading instead of reading the whole word as a single
entity. This finding has been described in patients with posterior
cortical atrophy and could account for a nosological continuum
across atypical AD presentations, as logopenic deficits can also
be present in patients with posterior cortical atrophy [19, 20].

Besides the evident language involvement, several clinical
reports have pointed out nonverbal deficits affecting attention
and visuospatial skills [13, 14, 21]. In fact, two independent
longitudinal series have demonstrated that such deficits over-
shadow language impairments, and virtually most Iv-PPA
patients become demented within 1 or 2 years of follow-up
[9, 10¢]. The widespread cognitive involvement observed later
in lv-PPA mirrors the cognitive profile of patients with ad-
vanced AD and supports the notion that the natural history of
dementias is largely determined by their underlying disease.
Despite this clinical continuum, 1v-PPA patients exhibit clin-
ical and anatomical peculiarities, suggesting that specific
functional networks are predominantly involved in each AD
phenotype [22¢]. The study of the neural correlates of the core
deficits in lv-PPA and the contrast of clinical and anatomical
findings between this variant and other AD presentations can
clarify this issue.

Neural Correlates of Logopenic Progressive Aphasia

Multiple imaging and neuropathology studies have consistent-
ly demonstrated that brain atrophy in lv-PPA is focused on the
left temporoparietal junction [1, 2, 13, 17, 23-25]. Despite this
well-established pattern of atrophy, the cortical regions that are
critical for the emergence of the core deficits of I[v-PPA are not
entirely defined. In fact, the determination of these neural
correlates can be hindered by the rapid cognitive deterioration
of Iv-PPA patients, which adds to the complexity [26] of the
extensive swathe of cortical atrophy that spreads to incorporate
the left temporal lobe and the medial parietal lobe [13, 17, 24].

In our recent study, we correlated proxy measures for the
main cognitive deficits of 1v-PPA with the whole left hemi-
sphere cortical mantle [17]. As a proxy of lexical retrieval,
confrontation-naming performance was chosen since 1v-PPA
patients, by definition, have spared semantic knowledge and
absence of motor speech disorders. In turn, the performance on
forward digit span was selected as a proxy of impaired sen-
tence repetition since this deficit is thought to be secondary to a
reduced verbal short-term memory capacity [2]. Surprisingly,
each proxy correlated with separate, nonoverlapping, cortical
regions localized within the distribution of cortical atrophy
observed in Iv-PPA: low confrontation-naming performance
was associated with thinning in the inferior-posterior parietal
lobe, whereas low digit span was correlated with the posterior
third of the superior temporal gyrus.

These correlates raise interesting contentions. First, atrophy
in the left inferior parietal lobe has also been associated with

impaired naming in AD [27-30], suggesting that the impair-
ment of naming in lv-PPA and AD hinges on defective lexical
retrieval [31-34]. This clinical-anatomical convergence rein-
forces the concept of nosological continuity, in which compo-
nents of the same neuronal network are affected in AD,
irrespective of the initial clinical phenotype [22¢].

The second proxy, however, seems to be characteristic of
Iv-PPA. Although reduced verbal short-term memory is pres-
ent in patients with typical AD, the cognitive mechanisms
and, thereby, anatomical basis in AD differs from that in lv-
PPA. The preponderant mechanism involved in AD is thought
to be an executive control deficit caused by pathological
involvement of frontal regions [35, 36], whereas in lv-PPA,
reduced verbal short-term memory is secondary to a break-
down of the phonological loop [2]. This component of the
verbal short-term memory appears to depend on the integrity
of'the posterior left superior temporal gyrus, as damage to this
region is associated with reduced performance in digit span
and deficits in sentence-level tasks that place a high demand
on short-term memory resources [37—41]. Other evidence that
gives a coherent account of verbal short-term memory deficits
in 1v-PPA is provided by experimental neuropsychology. On
the basis of data obtained from normal volunteers, Page et al.
[42] demonstrated that phonological errors and reduced verbal
short-term memory are underpinned by a common cognitive
system. This finding suggests that the emergence of phonolog-
ical errors and the breakdown of the phonological loop are
closely related and, therefore, share the same anatomical sub-
strates in Iv-PPA. Accordingly, the presence of phonological
errors in a mixed PPA sample was associated with atrophy in the
left superior temporal gyrus [12¢], a finding that is in line with
cortical stimulation mapping studies that have linked this region
to the presence of phonological errors [43]. In addition, impaired
sentence repetition in a mixed sample of PPA has also been
associated with the left superior temporal gyrus [41], emphasiz-
ing the relevance of this region in the genesis of both deficits.

This converging evidence points to the relevance of pho-
nological integration as a key cognitive process affected in 1v-
PPA. In fact, patients with typical AD rarely, if ever, display
phonological errors, a finding that has been evidenced by
older clinical series conducted before the inception of lv-
PPA [44, 45] and by a recent series that systematically sought
phonological errors in a pathologically confirmed sample of
AD [46]. In addition, it has been reported that lv-PPA can
evolve into phonological jargon aphasia, a condition charac-
terized by profound phonological disintegration that renders
words unrecognizable (neologism) [47]. Although the precise
cognitive mechanism that yields this aphasia is not entirely
established, it is clear that the left temporal—parietal junction is
involved and that AD is the strongly associated disease [48,
49e]. Tt is not yet known whether this aphasia represents an
advanced stage of progression in 1v-PPA or if it is a different
clinical variant of Iv-PPA.
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Given the uniqueness of phonological errors in 1v-PPA,
tasks tapping phonological integrity can contribute to
distinguishing this variant from other AD phenotypes or PPA
variants. Accordingly, a study that contrasted performances on
several verbal repetition tasks across PPA variants demonstrat-
ed that Iv-PPA patients performed worse on tasks that demand
integrity of the phonological loop, whereas nfv-PPA patients
performed worse on tasks that tapped the subvocal rehearsal
component of the verbal short-term memory (Leyton CE,
Savage S, Irish M, Schubert S, Piguet O, Ballard KJ, Hodges
JR. Verbal repetition in primary progressive aphasia, under
revision). In accordance with this putative clinical marker,
atrophy of the posterior left superior temporal gyrus can be
considered as the anatomical signature of 1v-PPA. Several
reports, in fact, have coincidentally demonstrated that this is
the main region where imaging changes of Iv-PPA exceed
those of other AD presentations [22¢, 50].

Typical AD and Iv-PPA: Two Sides of the Same Coin?

Although there are anecdotal reports of Iv-PAA cases caused by
non-AD such as Creutzfeldt-Jakob disease [51, 52], compel-
ling evidence, which includes pathology studies [49e, 53, 54],
[3-amyloid imaging studies [11, 55], and other biomarkers [56,
57], confirms that almost all Iv-PPA patients exhibit AD path-
ological changes. Nevertheless, Iv-PPA patients exhibit some

Logopenic aphasia

Phonological
disintegration

Reduced

Phonological Phonological
paraphasias Short-term

' memory

|

| 1

|

1

v Impaired

Jargon aphasia Sentence Repetition

Fig. 1 Spectrum of language impairment in Alzheimer’s disease (4D).
Phonological disintegration and impaired lexical retrieval are the key
cognitive processes involved in the logopenic variant of primary progres-
sive aphasia (Iv-PPA). A subset of lv-PPA patients can hypothetically
develop jargon aphasia as expression of widespread phonological break-
down. This schema suggests that phonological errors and impaired sen-
tence repetition result from impaired phonological processing, which is
secondary to the damage to the posterior left superior temporal gyrus.
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distinctive features that suggest that other, not yet identified,
factors modify the clinical phenotype of AD. Consequently,
besides obvious cognitive and anatomical differences, 1v-PPA
and AD seem to have a diverging biological behavior. A longi-
tudinal study that contrasted cognitive and functional decline in
PPA variants and AD demonstrated that the former progressed
more rapidly than AD [26]. This rapid progression is concordant
with clinicopathology studies that have analyzed quantitatively
the pathological load of both AD phenotypes, demonstrating
that Iv-PPA patients not only display greater overall deposition
of neurofibrillary tangles, but also that the left perisylvian lan-
guage cortices have a higher proportion of neurofibrillary tan-
gles than typical AD patients display [58¢]. In addition, studies
conducted before the inception of lv-PPA have posited that AD
patients presenting with prominent language deficits at the onset
[59] as well as those with more atrophy in the parietal-temporal
region [60]—the key region involved in Iv-PPA—show a more
rapid decline than the amnestic AD presentation. In accordance
with the contrasting clinical phenotypes, different genetic risk
factors are likely to be involved in lv-PPA, since apolipoprotein
€4 polymorphism, which is linked to AD, is not associated with
the logopenic presentation [61, 62].

Despite these suggestive assertions, there are some reserva-
tions to consider. The core defining deficits of 1v-PPA are
rather unspecific; hence, the current diagnostic criteria may
be lenient on forcing the inclusion of a heterogeneous group of
patients labeled as having lv-PPA. Accordingly, Machulda

Amnesic AD

Dissolution
of semantic
representations

Word-finding Impaired single

Difficulties and word- ‘
anomia comprehension

Like Iv-PPA, impaired lexical retrieval is present in patients with amnesic
presentation of AD and is associated with the involvement of the left
inferior parietal lobe. Amnesic AD patients, however, display no phono-
logical errors, and the dissolution of semantic representations can affect
naming and cause single-word comprehension deficits. The predominant
involvement of one cognitive process over other cognitive processes can
account for the syndromic heterogeneity in AD
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et al. [63] suggest the existence of a least one distinctive
endophenotype, characterized by more confined neuronal in-
volvement and a slower progression. As suggested in Fig. 1,
the clinical spectrum of 1lv-PPA may comprise AD patients
displaying prominent language deficits that potentially differ
from those actually called lv-PPA, characterized by prominent
phonological deficits. The level of discreteness across this
clinical spectrum is a matter for future research.

Conclusions

Although 1v-PPA is in essence an aphasic manifestation of
AD, this PPA variant seems to have certain peculiarities that
suggest a distinctive AD endophenotype. Anomia, one of the
core deficits, is caused by impaired lexical retrieval which is
associated with atrophy of inferior-posterior parietal lobe, a
region involved consistently in AD, irrespective of its clinical
presentation [64]. Impaired sentence repetition, the other core
deficit, is caused by a reduced verbal short-term memory
capacity. Phonological disintegration can explain both the
reduced verbal short-term memory capacity and the phono-
logical errors in lv-PPA. As such, we suggest that the thinning
of the posterior left superior temporal gyrus can be the ana-
tomical signature of this variant. A better clinical delineation
of Iv-PPA is necessary to understand the genetic and other
unknown factors involved in this particular phenotype.
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