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Abstract

Primary progressive apraxia of speech (PPAOS) is a progressive disorder impairing the motor
speech act leaving linguistic function unattained. Although apraxia of speech frequently co-
occurs with other neurodegenerative conditions, PPAOS defines a clinical syndrome where
apraxia of speech is the sole or prominent symptom for much of the disease’s natural history.
Mounting evidence is beginning to fully define this disease as the epiphenomenon of 4-re-
peat (4R) tau pathology although other pathologic signatures have been reported. Indeed,
PPAQOS patients generally present a parkinsonian syndrome late into their natural history
mostly qualifying for either corticobasal syndrome (CBS) or progressive supranuclear palsy
(PSP). This is starting to be reflected in diagnostic criteria for PSP, namely, in the PSP speech
and language (SL) subcategory; however, this inclusion is not reflected for CBS. Here, we pres-
ent a single case of a patient with PPAOS and her clinical follow-up lasting 6 years, from the
time she sought our attention to her death which occurred 8 years into the disease. PPAOS
was the only and prominent symptom for most of the iliness with extrapyramidal signs overt-
ly presenting in the last months of its course. Clinical evaluation, imaging, genetic, and cere-
brospinal fluid biomarkers all pointed toward an underlying CBD pathology, albeit the even-
tual anatomopathological confirmation was not performed. Had her clinical course been
more suggestive of PSP, she would have qualified for criteria as PSP-SL. Our case therefore
suggests the hypothetic need to discuss the broadening of the existing CBS criteria to encom-
pass isolated PPACS.
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Introduction

Primary progressive apraxia of speech (PPAOS) is a disorder characterized mainly by a
selective and slowly progressive speech production deficit, deeply affecting word articu-
lation. Usually, at symptom onset and for a consistent period of time into the disease, there is
no impairment of any other linguistic and/or nonlinguistic neuropsychological function apart
from orofacial apraxia which is almost always associated [1].

PPAOS is actually considered as the expression of a focal cortical neurodegenerative
syndrome [2, 3]. Nonetheless, symptoms can also constitute a familial hallmark of broader
neurodegeneration [4] and coexist with primarily impaired linguistic function [5]. Perhaps,
due to this particular nature, PPAOS has been named in various ways, during the past years
[2, 6-9]. However, the definition that is gaining most momentum is PPAOS [10] with other
names being regarded as its synonyms [11]. Mounting accounts are defining a condition
where speech production is the prominent, if not only, symptom of progressive neurodegen-
eration for a consistent period of time [12-19]. However, as it inevitably occurs in neurode-
generation, pathology spreads, attaining other cerebral areas and leading to the manifes-
tation of broader symptomatology late into the disease’s natural history.

In several cases, PPAOS can be the early clinical presentation of corticobasal syndrome
(CBS) or progressive supranuclear palsy (PSP) [20-22], with pathological footing being deter-
mined mostly by 4R-tau pathology [14, 15, 23, 24]. However, albeit rare, cases of PPAOS due
to beta-amyloid pathology have been described [24, 25], with only one being autoptically
confirmed [26]. This plausibly justifies performing a lumbar puncture to a PPAOS patient.
Furthermore, cases of PPAOS have been described progressing to amyotrophic lateral scle-
rosis (ALS) [9, 13], some with genetic suggestion of an underlying TDP-43 pathology [27] and
autoptic confirmation [28].

Although underreported, PPAOS can constitute up to around 20% of progressive higher-
level language and speech disorders [29], and its chameleonic nature justifies an extensive
workup for a correct pathological framing thus enabling the patient to be allocated into the
right clinical trial and, where available, be eligible for symptomatic therapy. Hence, such a
thorough characterization is indicated only for subspecialists or researchers working with
phasic troubles in dementia or clinicians with ampler field of interests who wish to obtain
diagnostic precision.

Here, we report a single patient affected by PPAOS and her follow-up lasting 4 years, from
the time she sought our attention to her death which occurred 8 years into the disease.
Surprisingly enough, her condition never bloomed into a fully fledged clinical syndrome
during the course of her illness, with her symptoms qualifying for possible CBD only right
before her death.

Case Report

The patient was a 75-year-old right-handed female former shop owner with 5 years of
formal education and a negative family history for neurodegenerative disease. She had sought
our attention after a 4-year history of slowly progressive impaired articulation and mild
forgetfulness that sneakily emerged after mourning for a family member. All previous
specialist evaluations had framed her condition as functional and reactive to her sorrow. She
had a brain MRI taken at symptom onset showing diffuse and nonspecific cerebral atrophy
and a carotid ultrasonography that was normal. Moreover, she presented a past history of
hypertension and dyslipidemia, for which she was taking medications, and rheumatoid
arthritis that was now quiescent. On admission to our ward for an initial diagnostic workup,
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Fig. 1. Brain 18F-FDG PET. A Admission time, 4 years after onset. Functional imaging reveals a more marked
hypoactivity of the left hemispheric precentral and postcentral gyri as well as the temporal lobe and frontal
operculum in the context of a generalized cerebral hypometabolism. The latter finding being consistent with
structural imaging (not shown) manifests a generalized cerebral hypotrophy. B Seven years later, marked
cerebral hypometabolism is now evident, being more severe on the left hemisphere, namely, on the frontal,
temporal, and parietal lobes.

her speech was slurred, fragmented, and presented with occasional paraphasias while neuro-
logic examination failed to evidence further abnormalities. A brain 18F-FDG PET was taken,
documenting moderate hypometabolism of precentral and postcentral gyri and temporal lobes
bilaterally, although hypometabolism was more marked on the left hemisphere (Fig. 1A). After
workup, she was discharged with the diagnosis of slowly progressive anarthria and mild nonam-
nesic cognitive impairment and was referred to our outpatient memory clinic for follow-up.
Along the next years, her dysarthria slowly worsened, but no other consistent deficits emerged
during repeated clinical examinations or were reported by either caregivers or the patient.
Seven years into the disease, her MRI profile was markedly asymmetrical between hemi-
spheres with a more severe involvement of the left structures in particular involving the left
parietal and temporal lobes (Fig. 2) without involving brainstem structures such as the
midbrain. In addition, also asecond brain 18F-FDG PET showed frontal, parietal, and temporal
hypometabolism that was more marked on the left (Fig. 1B), and a DaTSCAN SPECT evidenced
dopaminergic degeneration mostly involving the left putamen. Clinically, her most prominent
impairment was speech production, which left her almost mute, and she also presented
marked orofacial apraxia. At this stage of the disease, her muscle tone was still normal, no
falls were reported either by the patient or the caregivers, and her eye movements showed
no abnormalities. However, she now exhibited also a marked reduction of mental flexibility
and started to unexplainably flee from home. Nonetheless, she was self-sufficient in daily life
activities. Her comprehension was intact, and she could still express herself in written form
although her writing was littered with marked phonemic errors mainly in the form of substitu-
tions and omissions with slight notes of agramattism (Fig. 3). Alumbar puncture was performed
with normal glucose, protein, and cells. CSF beta-amyloid was 655 pg/mL (normal values
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Fig. 2. T1W brain MR image taken 7 years into the disease. Structural imaging confirms what was suggested
by brain 18F-FDG PET: on a diffusely atrophic background, a dramatic atrophy on the left frontotemporal and
parietal lobes can be observed.

Fig. 3. Writing sample obtained 7 years after

onset. Correct sentence (Italian): “Oggi € una ‘ « \
( ): “Ogg 1 @& o 4 o)

bella giornata. Sto facendo una visita in osped- WEQ/ ANV

ale” (“Today is a nice day. [ am having a visit
at the hospital”).

>500 pg/mL), total tau was 153 pg/mL (normal values <500), and phospho-tau was 28 pg/mL
(normal values <61 pg/mL). Genetic testing was performed: GRN, C9ORF72, and TARBDP
were all negative for mutations.

Her last visit at the outpatient clinic was more than 7 years into the disease, and she
evidenced extinctionupon double touch, notes oflimb apraxia,ideomotor slowing, pronounced
mental inflexibility, and perseveration. The last time she was assessed, 8 years into the
disease, she was at home for she was bedridden due to marked postural instability and asym-
metric limb rigidity. The patient had to be fed and helped with daily life activities. Eventually,
she developed dysphagia and died of ab ingestis pneumonia.

Discussion
The condition presented by our patient appears to be consistent with PPAOS. In line with

mostaccounts, hindranceinword articulation was the main and only symptom for asubstantial
partof disease duration (7 years in our case) [9, 13,19, 27, 30, 31]. Orofacial apraxia appeared
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until very late into the disease, while frank language impairment failed to develop until the
very end. Structural and functional imaging showed a marked posterior frontal and temporal
degeneration that was preponderantly lateralized to the left side. Although most cases seem
to show a prevalent frontal anterior involvement [30], others [17, 19] depose for a more
posterior one, emphasizing the heterogeneous nature of this disease. Neatly, the DaTSCAN
was in line with substantial evidence marking basal ganglia involvement [19, 32]. In comparison
with other accounts [13, 19, 21, 22, 33], our case presented limited signs of a significant
parkinsonian syndrome only very late into the disease. Indeed, the patient’s clinical condition
satisfied criteria for possible CBD pathology [34] (asymmetric rigidity/akinesia and cortical
sensory loss) only right before her death.

In summary, we reported the natural history of a single case of PPAOS who unlike already
described casesdid notovertly progressintoan evident parkinsonian syndrome. Furthermore,
although the majority of PPAOS cases seem to be due to PSP [21, 22] and diagnostic categories
for PSP now comprise a speech and language variant [35], our case, with good probability,
was due to an underlying CBD, which in itself constitutes a less common phenomenon. At
present, there are only 3 single case reports of PPAOS due to CBD [18, 19, 33], but CBD is also
the final diagnosis in a minority of patients in published case series [13, 21, 22]. In particular,
if follow-up is sufficiently long (i.e., >6 years), a Parkinson plus syndrome appears to inevi-
tably develop supporting PPAOS as an early presentation of a Parkinson plus disorder [36].
Obviously, the lack of a pathological confirmation represents the major eventual limit to our
diagnostic hypothesis, thus posing a limitation to the scientific scope of this study, for a
portion of the conclusions lacks backing by pathological evidence. However, it should also be
noted that due to different intrinsic variables that may be due to consent by the family, ethical
issues, institutional practice, or national custom, histopathologic confirmation is difficult to
obtain in tantamount occurences, marking the same aforementioned limitation for other
studies in this topic as well. Finally, a minor limit is that the patient somehow could not
completely satisfy criteria for probable CBD. However, evidence is pointing toward cognitive
manifestations of the frontal type as preponderant in early stages of CBS (a key criterion for
antemortem diagnosis of CBD) with parkinsonian signs emerging later into the disease [37],
suggesting that a broadening of the existing criteria might perhaps be needed.

Indeed, although diagnostic criteria for antemortem CBD diagnosis encompass apraxia
of speech, they regard it as a component of nonfluent/agrammatic primary progressive
aphasia [34], which in its own terms can be misleading, for apraxia of speech proper is not a
disorder of language but rather of speech. We therefore may propose a new subcategory for
the in vivo diagnosis of CBD, akin to the SL category already established for PSP [35],
comprising cases of early and predominant PPAOS. Further case reports and series with
neuropathological confirmation will be unquestionably needed in order to establish if this
interesting hypothesis could be validated.
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