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Abstract
Background and Objective
No epidemiologic studies have formally assessed the incidence of primary progressive aphasia
(PPA) and primary progressive apraxia of speech (PPAOS). Thus, we decided to assess the
incidence of these disorders in Olmsted County, MN, between 2011 and 2022, and to char-
acterize clinical, radiographic, and pathologic characteristics of these patients.

Methods
This was a retrospective examination of data from a population-based cohort of patients with
PPA and PPAOS prospectively identified in Olmsted County, MN, from 2011 to 2022. The
incidence of PPA among adults (older than 18 years) was calculated for Olmsted County as the
number of patients per 100,000 person-years during the study period. The adult population of
Olmsted County was determined by the annual catchment population reported by the
Rochester Epidemiological Project for each year 2011–2022. A behavioral neurologist verified
the clinical diagnoses and determined subtypes.

Results
We identified 10 patients (60% female) within the study period (median age of symptoms
onset: 70 years; range: 66–73), 8 with PPA and 2 with PPAOS. Of the 8 patients with PPA
(6 female patients, 2 male patients), 2 met criteria for non-fluent variant PPA (nfvPPA), 3 for
logopenic variant PPA (lvPPA), and 3 for semantic variant (svPPA). Speech evaluation con-
firmed the clinical diagnoses in all patients and all showed typical imaging findings consistent
with their respective subtype. Six patients (2 PPAOS, 2 nfvPPA, 2 lvPPA) died and 3 underwent
autopsy (2 PPAOS, 1 nfvPPA), confirming the pathologic diagnosis of progressive supranuclear
palsy. The incidence of PPA + PPAOS was 0.70 persons per 100,000 person-years (95% CI
0.34–1.29 persons per 100,000) during the study period. The incidence of PPAOS was 0.14
persons per 100,000 person-years (95% CI 0.02–0.55 persons per 100,000), whereas for the 8
patients with PPA, the incidence was 0.56 persons per 100,000 person-years (95%CI 0.24–1.10
cases per 100,000). The incidence of nfvPPA was 0.14 persons per 100,000 person-years (95%
CI 0.02–0.55), 0.21 persons per 100,000 person-years (95% CI 0.04–0.61) for lvPPA, and 0.21
persons per 100,000 person-years (95% CI 0.04–0.61) for svPPA.

Discussion
As a group, PPA and PPAOS are a relatively rare group of diseases. PPAOS has a slightly lower
incidence than PPA as a group but similar incidence to the individual PPA variants.
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Introduction
Neurodegenerative speech and language disorders are a group
of disorders that include primary progressive aphasia (PPA)
and its variants and primary progressive apraxia of speech
(PPAOS). PPA refers to a group of neurodegenerative dis-
orders characterized by prominent impairments in language
function and the absence of cognitive, motor, and behavioral
symptoms, especially in the early phases of the disease.1 Three
distinct variants have been recognized based on clinical pre-
sentation, radiographic characteristics, prognosis, and un-
derlying pathology: the nonfluent/agrammatic variant
(nfvPPA) and the semantic variant (svPPA) are classified as
frontotemporal dementia syndromes, whereas the logopenic
variant (lvPPA) can be defined as an atypical variant of Alz-
heimer disease.1,2 In addition, some PPA cases remain “un-
classifiable,” especially early in the disease course, when the
presence of mild or mixed features makes it challenging to
differentiate between specific subtypes.3

Unlike PPA that affects language, PPAOS affects speech.
Hence, the progressive onset of speech motor planning and
programming deficits affecting speech production in the ab-
sence of aphasia, memory loss, and (extra)pyramidal features
at disease onset characterizes PPAOS.4,5

No studies have formally evaluated the epidemiologic char-
acteristics of PPA and PPAOS. Thus, we aimed to assess the
incidence of these disorders in our population-based cohort
study in Olmsted County, MN, from 2011 to 2022, and ex-
amined clinical, radiographic and pathologic characteristics of
these patients.

Methods
Case Ascertainment
All participants had been recruited and prospectively followed
by the Neurodegenerative Research Group, Mayo Clinic,
Rochester Minnesota, and enlisted into NIH grant funded
studies between January 1, 2011, and December 31, 2022.
Only those patients who resided in Olmsted County, MN, at
the time of diagnosis were included in this study. All partici-
pants presented with speech and/or language dysfunction,
and they were evaluated by a board-certified Behavioral
Neurologist (K.A.J.) who classified the patients with PPA into
specific variants using published criteria.1

Patients were diagnosed with PPAOS if the predominant sign
at onset was apraxia of speech, and there was no evidence of

aphasia in verbal or written language as per criteria described
elsewhere.5

All patients had an assessment of global cognitive function
with theMontreal Cognitive Assessment Battery.6 Features of
parkinsonism were assessed using the Movement Disorders
Society–sponsored revision of the Unified Parkinson’s Dis-
ease Rating Scale part III.7

All participants underwent multimodal neuroimaging with
18F-flurodeoxyglucose PET (FDG-PET) scan, volumetric
MRI brain scan, and completed a battery of additional speech
and language, and neuropsychological tests, as previously
reported.5,8,9 Sections below briefly summarize the relevant
aspects of each test.

Speech and Language Evaluation
The Western Aphasia Battery-Revised (WAB-R) was used to
assess global language ability and aphasia severity; the North-
western Anagram Test10 was used to measure syntactic com-
prehension. The severity of apraxia of speech was assessed by
using the Apraxia of Speech Rating Scale11 and the Motor
Speech Disorder severity scale7 was used to rate the presence
and degree of functional impairment. Evidence of apraxia of
speech with no more than equivocal evidence of aphasia in-
cluding agrammatism was required to be diagnosed with
PPAOS.5 Grammar was assessed by review of conversational
speech and detailed language testing, including verbal and
written picture description tasks. Agrammatism was assessed in
speech and writing separately, with emphasis placed on the
writing samples in cases of severe apraxia of speech.

Neuropsychological Assessments
The neuropsychological examinations included the use of a
bedside cognitive assessment (either the Kokmen Short Test of
Mental Status -STMS- or the Montreal Cognitive Assessment
-MoCA-)6,12 performed at the time of patients’ initial neuro-
logic evaluation by an experienced behavioral neurologist
(K.A.J.). These were followed by a formal neuropsychological
assessment which was performed by board-certified neuro-
psychologists with experience in treating patients with PPA and
PPAOS. Memory was assessed with the administration of the
Wechsler Memory Scale-III (WMS-III) Logical Memory I/II,
Visual Reproduction I/II13; processing speed was assessed with
the Trail Making Test (TMT) Part A14,15; executive function
was assessed with the use of TMTPart B14,15; andDelis-Kaplan
Executive Function CardSort16; finally, visuospatial function
was assessed with the administration of the Rey-Osterreith
Complex Figure Test,17 Visual Object and Space Perception
Cube, and Incomplete Letters subtests.18

Glossary
IQR = interquartile range; lvPPA = logopenic variant PPA; nfvPPA = non-fluent variant PPA; PPA = primary progressive
aphasia; PPAOS = primary progressive apraxia of speech; STMS = Short Test of Mental Status; svPPA = semantic variant PPA;
TMT = Trail Making Test.
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Neuroimaging
Details of imaging protocols were described elsewhere5,19

and will be briefly summarized below. All participants un-
derwent a standardized MRI imaging protocol at 3.0 Tesla as
previously detailed.5 All FDG-PET scans were acquired us-
ing a PET/CT scanner (GE Healthcare) operating in 3D
mode. After a 30-minute uptake period, an 8-minute FDG
scan was performed consisting of four 2-minute dynamic
frames after a low-dose CT transmission scan. Individual
frames of the FDG were realigned if motion was detected
and then a mean image was created.5 Maps of hypo-
metabolism were generated by 3-dimensional stereotactic
surface projections using CortexID (GE Healthcare, Wau-
kesha, WI). Automated average Z scores generated from
Cortex ID were calculated for the following regions: lateral

and medial frontal lobes, lateral and medial parietal lobes,
temporal lobes, cingulate cortex, occipital lobe, and primary
visual cortex. Hypometabolism was present if Z scores were
greater than 2.20 Moderate hypometabolism was considered
when Z scores were between 2 and 3, whereas Z scores >3
corresponded to severe hypometabolism.20 Patterns of
hypometabolism were initially categorized as prerolandic or
postrolandic. The prerolandic patients were then classified
as widespread, focal inferior frontal, focal superior frontal, or
focal inferior and superior frontal; the presence or absence of
supplementary motor area hypometabolism was noted. The
postrolandic patterns were further classified as anteromedial
temporal or temporoparietal dominant. These classifications
were based on previous studies showing different areas in-
volved in PPA and PPAOS.21-23

Table 1 Patients Demographics

PPA (N = 8) PPAOS (N = 2) Overall (N = 10)

Sex, n (%)

Male 2 (25) 2 (100) 4 (40)

Female 6 (75) 0 (0) 6 (60)

Age at symptom onset, y

Median (Q1, Q3) 69 (63, 71) 77 (76, 78) 70 (66, 73)

Age at diagnosis, y

Median (Q1, Q3) 71 (67, 73) 80 (79, 81) 72 (70, 74)

Death at time of abstraction, n (%)

No 4 (50) 0 (0) 4 (40)

Yes 4 (50) 2 (100) 6 (60)

Age at death, y

Median (Q1, Q3) 79 (76, 83) 87 (86, 87) 83 (78, 85)

PPA (N = 8) PPAOS (N = 2) Overall (N = 10)

Sex, n (%)

Male 2 (25) 2 (100) 4 (40)

Female 6 (75) 0 (0) 6 (60)

Age at symptom onset, y

Median (Q1, Q3) 70 (65, 74) 77 (76, 78) 70 (67, 77)

Age at diagnosis, y

Median (Q1, Q3) 72 (69, 74) 80 (79, 81) 73 (70, 74)

Death at time of abstraction, n (%)

No 4 (50) 0 (0) 4 (40)

Yes 4 (50) 2 (100) 6 (60)

Age at death, y

Median (Q1, Q3) 82 (76, 85) 87 (86, 87) 83 (79, 85)

Abbreviations: PPA = primary progressive aphasia; PPAOS = primary progressive apraxia of speech.
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Pathologic Evaluation
All participants who died and agreed to autopsy underwent
brain autopsy by an experienced board-certified neuropa-
thologist who provided pathologic diagnoses based on current
diagnostic criteria.24-27

Statistical Analysis
Patients with PPA and PPAOS were prospectively identified in
Olmsted County from 2011 to 2022. Continuous features were
summarized with medians and interquartile ranges; categorical
features were summarized with frequency counts and per-
centages. The incidence of PPA among adults (older than 18
years) was calculated for Olmsted County as the number of
patients per 100,000 person-years during the study period. The
adult population of Olmsted County was determined by the
annual catchment population reported by the Rochester Epi-
demiological Project for each year 2011–2022. Confidence
intervals were calculated using a Poisson approximation.

Standard Protocol Approvals and
Patient Consents
The Mayo Clinic institutional review board approved the study,
and all participants consented for enrollment into the study.
STROBE cohort reporting guidelines were used for this study.28

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigators.

Results
Demographics and Incidence Analysis
We identified a total of 10 patients including 8 with PPA and 2
with PPAOS in Olmsted County, MN, from 2011 to 2022. The

median age at symptoms onset was 70 years (interquartile range
[IQR]: 66, 73), whereas the median age at diagnosis was 72 years
(IQR: 70, 74).

Of the 8 patients with PPA (6 female patients, 2 male patients),
2 met criteria for nfvPPA, 3 for lvPPA, and 3 for svPPA. The
remaining 2 patients were diagnosed with PPAOS. Additional
demographic information on our patients found during the
study period are listed in Table 1.

Relative to the adult population in Olmsted County, the in-
cidence of PPA and PPAOS was 0.70 persons per 100,000
person-years (95% CI 0.34–1.29 persons per 100,000) during
the study period.

The incidence of PPAOS in Olmsted County from 2011 to
2022 was 0.14 persons per 100,000 person-years (95% CI
0.02–0.55 persons per 100,000). For the 8 patients with PPA,
the incidence was 0.56 persons per 100,000 person-years
(95% CI 0.24–1.10 persons per 100,000) (Figure 1). We then
evaluated the incidence of PPA variants during the same study
period; the incidence of nfvPPA was 0.14 persons per 100,000
person-years (95% CI 0.02–0.55), 0.21 persons per 100,000
person-years (95% CI 0.04–0.61) for lvPPA, and 0.21 persons
per 100,000 person-years (95% CI 0.04–0.61) for svPPA.

Neuropsychometric Testing,
Speech Evaluation
All the 10 patients completed either the Short Test of Mental
Status (STMS) or theMoCA at symptom/s onset (Table 2),6,12

followed by a formal neuropsychological evaluation in 5 of them.
One of the 2 PPAOS patients with a STMS score of 33/38, 2
patients with lvPPA with a STMS score of, respectively, 25/38
and 30/38, as well as 2 patients with svPPA with a STMS score

Figure 1 Incidence of Primary Progressive Aphasia and Primary Progressive Apraxia of Speech in Olmsted County, MN,
Between 2011 and 2022

.
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of, respectively, 29/38 and 36/38 declined further neuro-
psychological assessments. A detailed speech and language ex-
amination was performed in all the patients.

Formal neuropsychometric testings in those patients who
agreed to them were conducted at a median of 1 year after
symptom onset (range: 1–2 years), and none of them un-
derwent repeat testing during their disease course. All patients
with the exception of one with PPAOS who had a normal
cognitive profile showed evidence of mild cognitive impair-
ment with the exception of one lvPPA patient with an initial
MoCA score of 25/30 (and 17/38 on the STMS) whose level
of performance was consistent with a moderate-to-severe
cognitive impairment.

All patients complained of “speech difficulty” as their initial
symptom. Speech/language examinations were conducted in
all patients at a median of 2 years after symptoms onset
(range: 1–4 years); 5/10 patients (2 svPPA, 1 nfvPPA, 1
lvPPA, 1 PPAOS) underwent at least one additional formal
speech and language evaluation during their disease course at
a median of 4 years after the first (range: 1–5 years) (median
of 6 years after symptoms onset), with expected progression
of their language deficits.

Neuroimaging
All the patients had at least one MRI brain at the time of
diagnosis, and only 2 patients with lvPPA did not have repeat
imaging study during their disease course. The initial MRIs
were performed at a median of 1 year (range: 1–2 years) after
symptoms onset.

The 2 patients with nfvPPA showed mild generalized cortical
atrophy at their first MRI brain after symptoms onset; how-
ever, at their last imaging follow-up, a more specific pattern
was observed, with a slightly predominant involvement of
the inferior aspect of the left frontal lobe. Of the 3 patients
with lvPPA, one showed a rather mild generalized cortical
atrophy without a specific lobar predominance throughout
the disease course at both onset and follow-up; the 2 pa-
tients with lvPPA who did not have follow-up images
showed evidence of a slightly predominant atrophy at the
level of the left temporoparietal lobes left more than right,
although mild. While mild diffuse cortical atrophy was seen
in the patients with svPPA at their first MRI after disease
onset, marked volume loss of the anterior temporal lobes,
left more than right was seen at their last MRI brain.

Both patients with PPAOS initially showed a rather diffuse
nonspecific pattern of mild cortical atrophy without any ob-
vious specific lobar predominance. An expected progression
of the initial nonspecific cortical atrophy was observed at
follow-up, with predominant involvement of the precentral
gyrus and supplemental motor areas.

An FDG-PET scan was performed in 8/10 patients at a
median of 2 years after symptoms onset (range: 1–5 years); 2
patients (1 lvPPA, 1 svPPA) were unable to tolerate the
study. The FDG-PET patterns of hypometabolism observed
in our patients are shown in Table 3. A focal prerolandic
pattern of hypometabolism was observed in all of our pa-
tients with the exception of the lvPPA cases who showed a
postrolandic pattern, with involvement of the left lateral

Table 2 Summary of the Clinical Characteristics of Our Patients

Case
# Diagnosis Symptoms at onset Symptoms at last follow up Handedness Sex

Education
(y)

Bedside cognitive
test score

#1 nfvPPA Singleword repetition, agrammatism,
apraxia of speech

Single word repetition, agrammatism,
apraxia of speech

Right F 14 29/30 (MoCA)

#2 nfvPPA Agrammatism, apraxia of speech Agrammatism, apraxia of speech,
sentence comprehension

Right M 20 22/30 (MoCA)

#3 lvPPA Anomia, sentence repetition Anomia, sentence repetition Left F 16 25/30 (MoCA)

#4 lvPPA Anomia, sentence repetition Anomia, sentence repetition Right F 14 25/38 (STMS)

#5 lvPPA Anomia, sentence repetition
forgetfulness

Anomia, sentence repetition,
forgetfulness

Right F 16 30/38 (STMS)

#6 svPPA Anomia, loss of word knowledge Anomia, loss of word knowledge Right F 16 23/30 (MoCA)

#7 svPPA Anomia, loss of word knowledge Anomia, loss of word knowledge Right M 14 29/38 (STMS)

#8 svPPA Anomia, loss of word knowledge Anomia, loss of word knowledge Right F 20 36/38 (STMS)

#9 PPAOS Apraxia of speech Apraxia of speech Right M 18 29/30 (MoCA)

#10 PPAOS Apraxia of speech Apraxia of speech Right M 12 33/38 (STMS)

Abbreviations: lvPPA = logopenic-variant primary progressive aphasia; MoCA = Montreal cognitive assessment; nfvPPA = non-fluent variant primary pro-
gressive aphasia; PPAOS = primary progressive apraxia of speech; STMS = Kokmen short test of mental status; svPPA = semantic variant primary progressive
aphasia.
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frontoparietal areas. More specifically, the 2 patients with
nfvPPA showed hypometabolism of the dominant posterior
inferior frontal lobes; the 2 patients with svPPA who un-
derwent the initial FDG-PET evaluation showed hypo-
metabolism of the anterior temporal poles, left more than
right in one, right more than left in the other patient. Finally,

the 2 patients with lvPPA showed hypometabolism of the
left lateral temporoparietal lobes.

Both patients with PPAOS showed a pattern of more focal
posterior superior frontal hypometabolism and supplemen-
tary motor area involvement (Figure 2, A–H).

Table 3 Timing From Disease Onset and FDG-PET Scan Findings

Case # Diagnosis Time from symptom onset to FDG-PET (y) preR Patterns postR Patterns

#1 nfvPPA 2 L focal superior and inferior frontal

#2 nfvPPA 9 mo L focal superior and inferior frontal

#3 lvPPA 1 L lateral temporal > posterior parietal

#4 lvPPA 2 L lateral temporal > posterior parietal

#5 svPPA 1 L anterior temporal lobe

#6 svPPA 3 R > L anterior temporoparietal

#7 PPAOS 2 L focal superior frontal and bilateral SMA (L > R)

#8 PPAOS 5 L focal inferior > superior frontal and L SMA

Abbreviations: L = left; lvPPA = logopenic-variant primary progressive aphasia; nfvPPA = non-fluent variant primary progressive aphasia; postR = post-
Rolandic; PPAOS = primary progressive apraxia of speech; preR = pre-Rolandic; R = right; SMA = supplementary motor cortex; svPPA = semantic variant
primary progressive aphasia.

Figure 2 FDG-PET Scan Images of 8 of Our Patients

(A and B) FDG-PET brain scans of the 2 patients with nfvPPA showing hypometabolism of the dominant left dorsal and inferior frontal lobes. (C and D)
Hypometabolism of the left lateral temporoparietal lobes in the patients with lvPPA. (E) Patient with svPPA with involvement of the anterior temporal poles,
left more than right. (F) Patient with svPPA with involvement of the anterior temporal poles, right more than left. (G and H) Hypometabolism involving the
premotor cortices, with a left predominance in 2 patients with PPAOS. lvPPA = logopenic-variant primary progressive aphasia; nfvPPA = non-fluent variant
primary progressive aphasia; PPAOS = primary progressive apraxia of speech; svPPA = semantic variant primary progressive aphasia.
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Only 2 (both with lvPPA) of 8 patients did not have at least
one follow-up FDG-PET scan of the brain during their
disease course. An expected progression of the previously
observed baseline pattern of hypometabolism was observed
in all other cases.

Disease Progression and Postmortem
Examinations
Median follow-up time after their first neurologic evaluation
was 5 years (range 2–8 years). All patients progressed clini-
cally, and additional features other than language impairments
emerged throughout the disease course. 4 of 10 patients (2
nfvPPA and 2 PPAOS) developed parkinsonism (median
MDS-UPDRS part III score at onset: 26, range: 22–31) at a
median of 3 years after symptoms onset (range: 2–11).
Therapy with Carbidopa/Levodopa was tried in 2 patients
after the development of Parkinsonism, but it was soon dis-
continued because of lack of efficacy.

No clinically significant behavioral abnormalities were noted
in the patients with PPA or PPAOS, whose disease course was
otherwise characterized by progression of their underlying
speech and language difficulties.

The 2 patients with PPAOSwho developed parkinsonism also
developed vertical supranuclear palsy and experienced re-
current falls during their disease course. Ideomotor apraxia
also emerged in both, and dysphagia became severe in the
later stages. No patients developed features of motor neuron
disease.

Six patients (2 nfvPPA, 2 lvPPA, 2 PPAOS) had died at the
time of abstraction of the data at a median age of 82 years
(IQR: 76, 85), and 3 of them (1 nfvPPA and 2 PPAOS)
underwent brain autopsy. Pathologic evaluation showed a
4-repeat tauopathy consistent with progressive supranuclear
palsy (PSP) in all of them, with low levels of Alzheimer
neuropathologic changes in all but one PPAOS case. None of
the autopsied patients showed evidence of alpha-synuclein or
TAR DNA binding protein of 43 kDa pathologic changes. Of
the 3 patients (2 lvPPA, 1nfvPPA) who had died and did not
undergo autopsy, one with lvPPA had a positive amyloid PET
study performed elsewhere which confirmed the presence of
Alzheimer neuropathologic changes; one with nfvPPA had a
negative amyloid PET study performed elsewhere; no addi-
tional pathologic or imaging data were available for the other
patient with lvPPA.

Discussion
We observed an overall incidence of PPA and PPAOS in
Olmsted County, MN, of 0.41 persons per 100,000 person-
years during the study period. To our knowledge, this is
among the first study to formally investigate the incidence of
all 3 PPA variants and PPAOS because prior epidemiologic
reports mainly derived their PPA prevalence from data rela-
tive to diseases for which prevalence was known2 or did not
include all PPA subtypes, as in the article from Logroscino G.

et al., which reported an incidence for PPA in Europe of 0.61
cases per 100.000 persons-year.29 This is the first study to
assess the incidence of PPAOS.

PPA and PPAOS represent a group of relatively rare diseases,
having nonetheless a great impact on the patient’s ability to
communicate socially and occupationally. Age of onset varies
considerably, and it may differ based on the specific subtype;
while most patients with PPA and PPAOS develop symptoms
in their sixties around one-third/fourth of cases present in
their seventies.2

Cognition in patients with PPA is relatively preserved in the
early disease stages2; however, with time, neurocognitive
differences beyond language impairment may become severe.
Most of our patients with PPA had global cognitive scores on
the MoCA that could be considered consistent with mild
cognitive impairment, with the exception of one patient with
lvPPA who had dementia, supporting the hypothesis that this
last group of patients may suffer a relatively more widespread
cognitive impairment compared with other subtypes.8

No cognitive deficits were observed in our patients with
PPAOS when formally tested other than slight inefficiencies
in some aspects of executive functioning. While patients with
PPAOS often score well within the normal cognitive range
early in the disease course,30 mild frontal lobe inefficiency as
measured by the Frontal Assessment Battery may seem evi-
dent in the later stages of the disease.4 Greater involvement of
other cognitive domains may suggest the presence of an ad-
ditional neurodegenerative pathology.

The differences in the neurocognitive profiles likely relates to
the involvement of different cortical areas relative to the
specific disease and/or subtype. While it is worth noticing that
it is sometimes difficult to appreciate substantial differences
on imaging, particularly in patterns of atrophy on MRIs, dif-
ferent neuroimaging profiles differentiate PPA subtypes and
characterize patients with PPAOS especially on FDG-PET.
Patients with nfvPPA often show hypometabolism involving
the dominant dorsal and inferior frontal lobe and at times the
superior temporal gyrus, suggestive of a greater involvement
of the anterior areas of the language network.2 The charac-
teristic involvement of the left lateral temporoparietal region
may be the anatomical basis for repetition deficits and pho-
nological errors observed in patients with lvPPA.31 Although
hypometabolism of the right anterior temporal pole is asso-
ciated with semantic dementia,32 a greater involvement of the
left anterior temporal lobe seems to be a distinctive feature of
svPPA.2

The involvement of the precentral cortex and bilateral sup-
plementary motor area in PPAOS and the relative sparing of
inferior frontal language areas, at least in the early disease
stages, may be the anatomical substrate for the difficulty that
these patients have in planning, producing, and monitoring
speech.5,22,33
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Clinical progression may vary significantly depending on the
disease and their subtypes, and it is believed to be a conse-
quence of the different anatomical structures involved and
patterns of disease spread,34 and although the speech and
language impairment may remain the predominant feature,
additional signs and symptoms may arise over time. The
presence of parkinsonism is relatively common in the later
stages of some patients, particularly in those with PPAOS
where it can be seen in up to 40% of patients 5 years after
disease onset.2 When additional features like vertical supra-
nuclear palsy, frequent falls and limb apraxia become appar-
ent, they may have prognostic implications because they may
at times become an equally debilitating symptoms.4

None of our patients developed behavioral abnormalities
which are sometimes seen in patients with PPA, particularly
nfvPPA, and can at times even meet criteria for behavioral
variant Frontotemporal dementia.2,34,35

Survival is associated with the specific diagnosis and seems to
be shorter in individuals with nfvPPA (7 years from symptoms
onset on average)2,36 compared with those with svPPA and
PPAOS (around 10 years).37,38 While our relatively small
sample size makes it difficult to perform a survival analysis, it is
worthwhile noting that our PPAOS patients lived 5 years
(median) longer than the PPA patients.

We observed similar pathologic findings in most of the
PPAOS autopsied patients reported in the literature, showing
underlying 4-repeat tauopathy consistent with a PSP-CBD
spectrum pathology.22,39 The pathologic changes observed in
patients with nfvPPA may vary40; however, 4-repeat tau pa-
thology is commonly observed,41 as confirmed by our
autopsied case showing PSP. We noted that many of our
patients had low levels of Alzheimer disease neuropathologic
changes which is not surprising given the average age of death
of our patients.

Our study has several limitations. First, our small sample size
limits the interpretation and generalizability of the data;
however, it is important to note that our patients share similar
clinical and paraclinical characteristics to those with similar
disorders who were previously reported by our group. Sec-
ond, important clinical information may be missing because
patients were seen over time during our regular clinical
practice rather than as part of a research protocol. This may
explain why information related to follow-up neuro-
psychological testing or speech evaluations are limited after
their initial evaluation. Third, no computerized protocol was
used to assess the presence or degree of atrophy and/or
hypometabolism on imaging; thus, this may lead to intervi-
sibility when reviewing the images.

Speech and language disorders are a relatively rare group of
diseases. PPAOS seems to be as common as or even more
common than some of the PPA variants. Considerable ad-
vances have been made over the last decades to differentiate

subtypes and analyze their clinical phenotypes and
progression.
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