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Abstract

Purpose of review: Apraxia of speech (AOS) is a motor speech disorder that has long been
recognized to occur secondary to acute neurologic insults and, more recently, to neurodegenerative
diseases as a harbinger for progressive supranuclear palsy and corticobasal syndrome. This article
reviews recent findings regarding the clinic phenotypes of AOS, neuroimaging correlates, and the
underlying disease processes.

Recent findings: Two clinical subtypes of AOS map onto two underlying 4-Repeat tauopathies.
New imaging techniques have recently been applied to the study of progressive AOS. There is no
data on the impact of behavioral intervention, although studies of nonfluent/agrammatic primary
progressive aphasia that include patients with AOS suggest some benefit in speech intelligibility
and maintenance.

Summary: While recent findings suggest subtypes of AOS exist that are linked to molecular
pathology and have important implications for disease progression, further research is needed to
assess outcome of behavioral and other types of intervention.
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1.0 Introduction

Apraxia of speech (AOS) is a motor speech disorder that reflects disruptions in motor
planning and programming. While AOS can occur as a developmental disorder (childhood
apraxia of speech), and many of the same principles and descriptors apply to that

clinical entity [1], this review will focus on acquired AOS that occurs secondary to

acute neurological insult (e.g., stroke, tumor, traumatic brain injury), and, in particular,
degenerative disease that involves the cortical regions that control speech production,

such as the premotor cortex. Regardless of etiology, AOS can occur in isolation or with
other communication difficulties, such as aphasia (language dysfunction) and/or dysarthria
(neuromuscular execution impairments) and their distinction from one another has important
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implications for therapeutic targets, as well as disease prognosis in the case of progressive
syndromes.

Primary progressive apraxia of speech (PPAQS) is the diagnosis given when apraxia of
speech (AQS) is insidious, progressive, and the first or only clinical symptom associated
with a neurodegenerative disease [2]. When later- and less prominent agrammatic aphasia is
present, the term progressive apraxia of speech (PAOS) is applied [3]; this is in complement
to the non-fluent agrammatic variant of Primary Progressive Aphasia (PPA), where aphasia
occurs first and is more prominent [4]. Over the last decade, the clinical presentation [3,
5-9], underlying pathophysiology [2, 10-18], and evolving neurological picture that is
heralded by PAOS [19-23] have been well detailed and recently summarized [24]. This
review will focus on describing the clinical entity of AOS broadly followed by clarifying the
clinical entity of PAOS, the terminology utilized, and the more recent discoveries regarding
the related neurologic syndromes and underlying pathology.

1.1 What is apraxia of speech?

AQS is a motor speech disorder that affects a person’s ability to coordinate the movements
of the muscles involved in speaking. AOS is often referred to as a planning and
programming disorder, where the motor planning refers to the general strategies about what
to do (i.e., the goal) and motor programming involve steps about how to accomplish plans
(i.e., the procedure). When a step of the procedure is imprecisely or inaccurately executed,
there may be an audible or visible attempt to correct it, referred to as groping. People with
AQS describe knowing what they want to say but have difficulty coordinating the precise
movements of the mouth, tongue and lips that are required to produce speech sounds, words,
and sentences and the ability to do it quickly. Apraxic speech may be slow and effortful

and is often characterized by distorted and/or substituted sounds, inconsistent errors, and
excessive pausing between words or syllables of the same word.

1.2 What does apraxia of speech sound like?

The best way to recognize AOS is to listen to it. You can hear samples of progressive AOS
in the following cited publications [3, 12, 23, 25-28]. After listening to the samples, it may
be easier to understand the perceptual features used to describe AOS. Across etiologies, the
clinical features of AOS are heterogeneous and not entirely agreed upon [1]; however, AOS
consistently includes disruptions of articulation and prosody that become more prominent
with increased word (or phrase) length and/or complexity. In neurodegenerative AOS,
disruptions in either articulation or prosody can predominate the speech pattern [3, 12, 29,
30]. In most cases, both articulation and prosody disruptions are present but the perceptual
predominance of one over the other informs a further diagnostic label: phonetic or prosodic
predominant PAOS. Patients are referred to as having phonetic (articulatory) PAOS if sound
distortions, distorted sound substitutions, or distorted additions clearly dominate the speech
pattern, while prosodic PAOS is used to describe patients in whom slow rate and syllable

or word segmentation clearly dominate the speech pattern [3, 12]. When neither phonetic
nor prosodic features predominate, due to either mild or profound severity or a lack of clear
perceptual predominance between those features, the term mixed PAOS is applied [3, 12].
In post-stroke AQS, the constellation of speech features are shared with those observed in
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progressive AOS, although the noted articulation disruptions classically predominate. There
are limited investigations of subtypes of AOS in post-stroke AOS [30]. Resonance (e.g.,
hypernasality) and voice (e.g., strain or breathiness) disturbances are not typically seen in
AQS, regardless of etiology.

1.3 What is apraxia of speech not?

1.3.1 Dysarthria.—The two primary dysarthria types that require careful differential
diagnosis are ataxic and spastic, particularly for phonetic and prosodic predominant AOS,
respectively. Generally speaking, automatic speech sequences (e.g. counting, saying the
days of the week, singing a familiar song) may be produced without errors in AOS, while
dysarthria is largely consistent across speech content [27]. The co-occurrence of non-verbal
oral apraxia may also be considered confirmatory for AOS [31, 32]. More specific features
to differentiate ataxic and spastic dysarthria from AOS are outlined next.

To differentiate between ataxic dysarthria and AQS, the speech AMRs (alternating motion
rates; rapid repetitions of “puh,” “tuh,” and “kuh”) and sequential motion rates (SMRs;
repetitions of the sequence “puhtuhkuh puhtuhkuh puhtuhkuh™) can be particularly helpful
[27]. In AOS, SMRs are expected to be more challenging and error-filled than AMRs; the
opposite may be observed in ataxic dysarthria. Audible and visible groping and increasing
articulation errors with length and complexity also suggest AOS over ataxic dysarthria [27].
It is also unusual for ataxic dysarthria to occur in isolation, so the lack of coexisting limb,
truncal and gait ataxia may be considered confirmatory.

Prosodic predominant AOS may be confused with a spastic dysarthria, given that slowed
speech rate is a shared core feature. The primary diagnostic distinctions include 1)

the absence of slowed physiologic movements (e.g., slowed tongue side to side or lip
movements back to front) in AOS (and their presence in spastic dysarthria); 2) the relative
preservation of the phonatory and resonance subsystems in AOS (that are commonly
impaired in spastic dysarthria); 3) the sound-level errors in AOS are often inconsistent

(and more so consistent in spastic dysarthria); 4) dysphagia and hyperreflexia (i.e., jaw jerk,
palmomental, suck, snout reflexes) are absent in isolated AOS (and commonly co-occur with
a spastic dysarthria).

1.3.2 Aphasia.—AOS must be differentiated from aphasia, which may be challenging
given their frequency of co-occurrence [33]. Aphasia may cause difficulty with
comprehension (understanding spoken language and reading) and expression (writing and
speaking), while AOS only impacts speaking. When listening to a patient, they may have
sound level speech errors and it may be difficult to determine if they reflect phonological

or apraxic errors [34, 35] . There are some nuances in the quality of the speech sound level
errors that may inform differential diagnosis (namely the presence of distorted substitutions
in AQS, but not aphasia), but there are other clues as well. Additional prosodic abnormalities
are consistent with AOS but not explained by aphasia alone. On the other hand, disruptions
in the linguistic aspects of spoken or written language comprehension or writing would

be supportive of aphasia rather than an isolated AOS. Interestingly, it is not uncommon

for patients with isolated, progressive AOS to report “yes/no” or other binary reversals,
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saying or shaking their head no when they mean yes or thank you when they mean to say
you’re welcome, even in the absence of other paraphasic errors (or language disturbances).
A thorough speech-language evaluation may help describe the areas of communication that
are relatively preserved (or impacted).

1.3.3 Impairment of general intellect.—AOS is a motor speech disorder and, as such,
does not reflect an impairment of general intellect. Patients with PPAOS may perform in the
abnormal range on timed verbal fluency tests [36], but this is largely attributable to motoric
speed of the response rather than other neuropsychological impairment [37]. Many patients
with AOS continue to work independently and without error, although the verbal demands of
a given occupation may inform the decision to appropriately pursue disability services.

1.4 What causes apraxia of speech?

The supplementary motor area and the lateral premotor cortex are commonly involved

in degenerative AOS [2, 3, 12], with structural and functional connectivity disruptions
demonstrated on diffusion tensor imaging [38] and functional magnetic resonance imaging
[11]. While these regions have also been implicated in stroke-related AOS, AOS in that
context may result from broader areas of involvement, spanning the left hemisphere and, in
particular, those regions associated with speech production (i.e., areas in the frontal lobe).

2.0 Broader Neurologic Entity: What company does PPAOS keep?
2.1 Clinical

A diagnosis of PAOS requires that other neurological signs and symptoms are no more than
equivocal. If AOS occurs in the context of a more widespread neurodegenerative syndrome,
such as corticobasal syndrome (CBS), the more appropriate diagnosis would be CBS (with
AQS), not PAOS. PAOS is a neurodegenerative disorder that progresses over time with
other neurological sighs and symptoms becoming present as the syndrome evolves [19].
Additional neurological signs and symptoms typically occur five years from time of onset of
speech problems [20, 39]. The most common signs and symptoms that occur later in time
in patients with PAOS include aphasia, as well as those linked to the extrapyramidal system.
Aphasia occurs quite commonly as mentioned above, and, in fact, when present, worsens
survival [40]. Bradykinesia and rigidity, but not tremor (of any kind) is very common later
in the disease course [20]. It is also very common to observe changes in balance and

gait ultimately resulting in patients being wheelchair bound and being in an akinetic rigid
state close to the time of death. Ideomotor limb apraxia also commonly develops, where

it tends to be asymmetric. Hence, patients with PAOS often will later meet criteria for
probable CBS [41]. Less common, is the presence of a vertical supranuclear gaze palsy [39,
42]. 1t seems to be the case that those patients who present with the phonetic subtype of
PAQS are more likely to evolve into the CBS, or CBS/PSP hybrid syndrome while those
with the prosodic subtype tends to show features of the Richardson syndrome variant of
progressive supranuclear palsy [17]. Gait freezing is rarely seen in patients who started

off with PAOS [39]. Additional features such as sleep disturbances, dysphagia and urinary
incontinence frequently occur, with sleep disturbances occurring early in the disease course
[43] while dysphagia and urinary incontinence occur later in the disease course [19]. Mild
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behavioral abnormalities and executive dysfunction may also develop [44]. In summary, in
the latter stages of the disease, most patients who started off as PAOS, ends up having a
classic extra-pyramidal syndrome [19, 20, 39, 45]. While often developing features of CBS
and Richardson syndrome variant of PSP, features of MSA including stridor, autonomic
dysfunction, ataxia and rapid eye movement sleep disorder are rare in PAOS. Hallucinations
and other psychotic symptoms that are common in dementia with Lewy bodies are also
extremely rare in patients with PAOS.

2.1 Imaging

Different types of imaging modalities have been reported in patients with PAOS and
recently summarized [24]. As mentioned earlier, anatomical imaging with brain MRI

scans have found atrophy of the lateral premotor and supplementary motor area (SMA)

in patients with PAOS [2, 3, 19]. Hypometabolism is also observed in these regions on [18F]
fluorodeoxyglucose (FDG) PET [2, 3, 19, 45], and often FDG-PET is more sensitive than
MRI to detect early and subtle changes in patients with PAOS. Unlike in patients with PPA
where the left hemisphere is linked to aphasia, in PAOS both right and left hemisphere

are involved [45]. With progression of the disease, atrophy and hypometabolism become
more striking, with spread into inferior frontal regions, primary motor cortex and brainstem
[19-21, 46].

In addition to MRI and FDG-PET, there are more recent imaging studies in PAOS

using PET ligands to detect beta-amyloid and tau proteins, and other imaging techniques
including diffusion tensor imaging (DTI), diffusion tractography, resting state functional
MRI, loflupane (I-123) dopamine transporter (DAT) scanning, and quantitative susceptibility
mapping (QSM) to assess different aspects of brain structure, function and biology. Amyloid
PET scans in PAOS have been found to be abnormal, showing evidence of beta-amyloid
deposition, in about 20% of patients [47]. However, unlike in Alzheimer’s disease (AD)
where both beta-amyloid and tau PET scans show global/widespread increased uptake, tau
PET uptake in PAOS is limited and focally affects the lateral premotor and SMA regions
[18]. Hence, in the vast majority of PAOS patients, a positive beta-amyloid scan does not
suggest a primary underlying pathology of AD. Focal tau uptake on PET scans is unlike

to all be due to AD type paired helical filament tau and may represent a combination of

off target binding to some neurodegenerative [48] as well as some binding to non-AD tau.
Diffusion tensor imaging studies have shown involvement of the white matter underlying
the premotor cortex, although changes tend to be more striking in those with phonetic AOS
[12, 19]. Patients with phonetic AOS also show degeneration of the superior frontal white
matter and body of the corpus callosum, while those with prosodic AOS show degeneration
of the superior cerebellar peduncle [12], a structure that is often affected in patients with the
Richardson syndrome variant of PSP [49]. Diffusion tractography demonstrates abnormal
diffusion in PAQOS patients in the SMA commissural fibers, as well as white matter tracts
from the SMA to the basal ganglia and cortical regions, such as inferior frontal cortex via
the frontal aslant tract and U-fibers to motor cortex [38]. Functional connectivity disruptions
have also been identified in patients with PAOS using resting state functional MRI, with
reduced connectivity from the SMA and premotor cortex to other regions of the brain,
including the rest of the speech and language network [11, 50]. DAT scan results have been
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underwhelming, with abnormal striatal uptake observed in some PAOS patients, although
DAT scan abnormalities do not match with the presence of parkinsonism in these patients
[16]. Most recently, QSM studies have shown abnormal magnetic susceptibility in PAOS
patients in the putamen, red nucleus and cerebellar dentate regions when compared with
controls [51], suggesting the presence of iron deposition and concurring with findings in
PSP [52]. No differences were identified between the phonetic and prosodic PAOS subtypes
although relatively small sample sizes may have limited the findings.

2.2 Pathology

An association between tauopathy, especially a 4-repeat tauopathy such as PSP and CBD
and PAOS has been known now for over a decade [14, 53]. However, recently it was
demonstrated that patients with phonetic PAOS were more likely to show underlying CBD
pathology while patients with prosodic PAOS were more likely to show underlying PSP
pathology [17]. It has also been shown that if a patient with phonetic PAOS has PSP
pathology, that the PSP pathology tends to be atypical with greater burden of tau deposition
in cortical regions compared to what is seen in typical PSP pathology [17]. Some patients
with PAOS have also been found to have a rare 4R tauopathy known as globular tauopathy
(GGT) [54]. This 4R tauopathy tends to show tau pathology in the motor cortex and
corticospinal tract. It is unknown, however, whether patients with PAOS and GGT have more
clinical, or imaging involvement of the motor cortex compared to PAOS patients with CBD
or PSP pathology. Pick’s disease, a 3R tauopathy has also been found in patients with AOS
when AOS is not the primary presenting syndrome [17]. That is, when AQS occurs in the
context of a progressive agrammatic aphasia (i.e., non-fluent/agrammatic variant of PPA).
Lastly, non-tau pathology has been found in a handful patients with AOS occurring in the
context of a dysexecutive or behavioral syndrome [17].

No genetic abnormalities have been found to date to be associated with PAOS including
abnormalities in the microtubule associated protein, tau gene [55].

3.0 Available Treatment

At this time, there are no available curative or disease modifying treatments for

PAQS or evolving neurologic syndromes. However, symptomatic behavioral treatment is
recommended, as research has demonstrated its potential to maintain speech function or
slow the progression of deterioration through working with a speech-language pathologist
to improve speech production skills [56]. Recent studies have looked at transcranial direct
current stimulation (tDCS) [57] and transcranial magnetic stimulation (TMS) [58] and
shown some promise in improving speed and accuracy of speech, although more work is
needed. Referrals to speech-language pathologists may facilitate identifying augmentative
and alternative means of communication, and referrals to occupational therapy may support
alternative means of access in the cases where limb rigidity, spasticity, or apraxia preclude
typing on speech generating devices. Regularly meeting with a speech-language pathologist
also allows for identification and management of later emerging speech, language, cognitive,
and/or swallowing difficulties
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4.0 Case Study

A 72-year-old woman presented with a two to three-year history of progressive speech
changes. She first noted a slight hesitancy in her speech, at first only noticeable to her. She
noted that her speech was slow and that she had to concentrate on enunciating carefully.
She also described being short of breath when talking, but not during physical exertion.
She could not keep up with recitation of poems or the pledge of allegiance. She denied
any chewing or swallowing difficulties. She denied difficulty with auditory or reading
comprehension, or any difficulties with respect to word finding.

On examination, she demonstrated a markedly slow overall speech rate, moderately reduced
words per breath group, moderate segmentation between words, and mild segmentation
within words, with additional mild false starts, sound prolongations, and inconsistent
articulation errors. Her overall score on the Apraxia of Speech Rating Scale-3 was 13 (2
phonetic subscore, 6 prosodic subscore) [26, 59]. The examination of the structure and
function of her oral mechanism was unremarkable. There was good symmetry, speed,
strength, and range of motion of the speech articulators, although she initially said

“blow” when asked to execute that command. The examination demonstrated adequate
confrontation naming abilities, repetition, verbal and written comprehension, and writing
abilities. She had no cognitive deficits, behavioral change, parkinsonism, limb ideomotor
apraxia or any other neurological findings. Her overall examination was therefore consistent
with the prosodic subtype of primary progressive apraxia of speech (PPAOS) with non-
verbal oral apraxia; there was no evidence of dysarthria or aphasia on examination. FDG-
PET demonstrated hypometabolism in the left greater than right SMA and left lateral
premotor cortex extending into the middle and inferior frontal gyri (Figure).

Over time, she developed difficulty with balance and experienced falls about once monthly.
She started to shake her head “yes” when she meant to shake her head “no” and say “thank
you” when she meant to say “you’re welcome.” Otherwise, she had no difficulty with

word order or error. Her handwriting became larger and less precise. Neurologically, she
developed slowed vertical saccades, and right greater than left ideomotor apraxia, as well as
slowing of complex hand sequencing (e.g., Luria sequence). Overall, she was developing a
PSP-CBS overlap syndrome.

5.0 Conclusions

Progressive AOS can occur in the absence of aphasia and as a harbinger of progressive
supranuclear palsy and corticobasal syndrome. The two clinical subtypes of AOS, with
phonetic and prosodic predominant speech disturbances, map onto underlying CBS or
PSP, respectively. New imaging techniques have documented the cortical and subcortical
areas of involvement and their progression along the disease course. FDG-PET continues
to be the most sensitive diagnostic biomarker and exploration is ongoing to identify

those that might better predict individual patterns of progression. There is no data on

the impact of behavioral intervention, although studies of nonfluent/agrammatic variant of
primary progressive aphasia that include patients with AOS suggest some benefit in speech
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intelligibility and maintenance; further research is needed to assess outcomes of behavioral
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Figure:
[18F] fluorodeoxyglucose PET (FDG-PET) demonstrating hypometabolism mainly in the

right and left premotor and supplementary motor areas. The left hemisphere is slightly more
affected than the right hemisphere and there is subtle extension of hypometabolism into left
middle and inferior frontal cortex.
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