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Abstract

Introduction: Primary progressive apraxia of speech (PPAOS) is a neurodegenerative syndrome 

in which patients present with an isolated motor speech disorder. Some PPAOS patients develop 

parkinsonism and other features of progressive supranuclear palsy (PSP) and/or corticobasal 

syndrome (CBS) over time. We aimed to assess the evolution of parkinsonian characteristics in 

PPAOS patients who had been followed yearly for at least six years.

Methods: From a large cohort of 46 PPAOS patients, eight were followed yearly for > 6-years in 

multiple NIH-funded grants. Parkinsonian and other features, including bradykinesia, tremor, 

rigidity, postural instability, apraxia, ocular motor function and cognition were assessed at each 

visit, and research criteria applied for PSP and CBS diagnosis. Neurological, speech-language test 

scores, and [18F]fluorodeoxyglucose PET (FDG-PET) and MRI midbrain volumes were assessed.

Results: A Parkinson’s plus syndrome developed in all eight patients (100%). Bradykinesia was 

the earliest feature, followed by rigidity and postural instability. Tremor was not a significant 

feature. Parkinsonism, limb apraxia and ocular motor impairment tended to develop four-to-five 

years after onset with some patients having slight asymmetric parkinsonism. Six patients (75%) 

met research criteria for probable PSP, although only one for PSP-Richardson’s syndrome; three 

patients met criteria for possible CBS. Slightly asymmetric, left-sided, hypometabolism was 

observed on FDG-PET, not matching asymmetry of Parkinsonism. Midbrain hypometabolism was 
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absent-minimal. Three patients had progressive midbrain volumes in the PSP-Richardson’s 

syndrome range.

Conclusions: A Parkinson’s plus syndrome may inevitably develop in PPAOS supporting 

PPAOS as an early presentation of a Parkinson’s plus disorder.
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INTRODUCTION

Apraxia of speech is a motor speech disorder affecting the planning and/or programming of 

speech [1]. It can occur acutely after stroke or be progressive and resultant from a 

neurodegenerative disease [2]. In the context of neurodegeneration, agrammatic aphasia may 

accompany the disorder but patients may have isolated apraxia of speech and be diagnosed 

with primary progressive apraxia of speech (PPAOS) [3]. The prevalence of PPAOS has been 

estimated to be approximately 4.4 per 100,000 people [4] although it is likely higher as 

patients with PPAOS are often misdiagnosed. Audio files demonstrating PPAOS 

characteristics have been published [5] and PPAOS is associated with hypometabolism on 

[18F]fluorodeoxyglucose (FDG) PET and atrophy on MRI, predominantly in the superior 

premotor cortex and supplementary motor area [3, 6].

We previously assessed general progression in PPAOS patients over two visits, 

approximately two years apart, and found that most of them developed some Parkinsonism 

over the years, particularly bradykinesia with some showing rigidity [7]. Interestingly, a 

subset of patients also developed clinical features that are typically observed in progressive 

supranuclear palsy (PSP) and/or corticobasal syndrome (CBS), including limb apraxia, gait 

and balance problems, vertical gaze slowing or palsy and ocular motor impersistence which 

emerged approximately 5 years after onset [7]. PPAOS has been associated with corticobasal 

degeneration (CBD) at autopsy [8, 9] in a patient that had developed subtle parkinsonism 

relatively early in the disease, with frank CBS symptoms observed a couple of years before 

death [8]. The development of parkinsonism has also been observed in other individual 

cases, presumed to have had PPAOS [5, 10].

Little is known about the temporal evolution of specific parkinsonian and other features, 

whether parkinsonian features are asymmetric, whether PPAOS patients evolve to meet 

recent research criteria for PSP [11] or CBS [12] and whether over time PPAOS evolves into 

a an entity that resembles a Parkinson plus disorder. To address these unknowns, we 

evaluated the development and evolution of parkinsonism in eight PPAOS patients who 

underwent at least six yearly serial clinical evaluations.

METHODS

Patient recruitment:

The Neurodegenerative Research Group (NRG) at Mayo Clinic has been recruiting patients 

with progressive AOS into NIH-funded grants since July 2010. All patients undergo yearly 
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longitudinal assessments including speech/language/neurological/neuropsychological 

evaluations, volumetric MRI and FDG-PET scans. To best capture the evolution of 

parkinsonism over a long time period we selected patients who had at least six yearly visits 

and who met published PPAOS criteria at onset [3]. Any patient with even mild (but 

unequivocal) evidence of aphasia or more than one PSP or CBS feature at onset was 

excluded. A total of eight patients met inclusion and exclusion criteria.

Speech-language evaluation:

Judgments concerning the presence/absence/severity of AOS and aphasia at each visit were 

made by consensus between at least two speech-language pathologists (JRD, EAS, HMC, 

RLU) based on reviewing video recordings of speech and language examinations, as 

described [3]. Speech/language evaluations included the motor speech disorder (MSD) 

severity rating scale [13] which rates motor speech disorder (AOS or dysarthria) severity and 

the Western Aphasia Battery (WAB)- Revised [14] to assess aphasia presence and severity 

[WAB-Aphasia Quotient (AQ)]. For the MSD, a score below 10 was considered impaired on 

motor speech [2], and for the WAB-AQ, below 93.8 [14] was considered supportive of 

aphasia.

Neurological evaluation:

Neurologic examinations were performed by a Movement Disorders expert (KAJ). 

Parkinsonism was assessed with the MDS Sponsored revision of the Unified Parkinson’s 

Disorder Rating Scale part-III (MDS-UPDRS-III) [15], limb apraxia with the WAB praxis 

subtest [16], and ocular motor impairment with the PSP Saccadic Impairment Scale (PSIS)

[17] and PSP Rating Scale (PSPRS)-Ocular motor sub-scale [18]. Testing also included the 

Montreal Cognitive Assessment battery (MoCA) [19] for general cognition, Frontal 

Assessment Battery (FAB) [20] for executive function, and Neuropsychiatric Inventory 

Questionnaire (NPI-Q) [21] for neuropsychiatric features. Neurological diagnoses were 

determined at a consensus meeting involving three movement disorders and/or behavioral 

neurologists with expertise in degenerative parkinsonian disorders (KAJ, HB, FA). Cut-

points to define abnormal were based on published data for: MoCA<26 [19]; FAB<16 [22] 

and NPI-Q>4 [23]. For the MDS-UPDRS-III, we used a cut-point of >7.95 and for the limb 

apraxia subset of the WAB, a cut-point of < 60 suggested the presence of limb apraxia. Cut-

points were calculated based on the 95th percentile of scores from a cohort of 21 motorically 

normal control subjects (median age=67; range=[45, 85]; male/female =10/11). That is, 95% 

of normal subjects scored ≤ 7.95 on the MDS-UPDRS-III and 60 on the WAB praxis test. 

For ocular motor dysfunction, we used two different scales. For the PSIS, a score of 2 

depicts slowing in vertical eye saccades and 3 or higher vertical supranuclear gaze palsy. For 

the ocular motor sub-score of the PSPRS, the total score was 12; a score of ≥2 was 

considered as evidence of eye movement abnormalities.

The Movement Disorder Society clinical criteria for PSP (MDS-PSP) [11] were applied to 

the final visit for all patients to determine whether they met criteria for PSP. Each patient 

was assigned an ocular motor (01, 02 or 03), akinesia (A1, A2, A3), postural instability (P1, 

P2, P3), and corticobasal (C3) level, as defined in the criteria [11]. All patients met criteria 

for a speech-language designation (C1) given that all had a speech disorder. The Multiple 
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Allocation Extinction (MAX) rules [24] designed to reduce the number of multiple 

diagnoses from the MDS-PSP criteria were also applied. Research criteria for CBS [12] 

were applied to the final visits.

FDG-PET:

FDG-PET scans were acquired with a PET/CT scanner (GE Healthcare) while operating in 

3D mode. Participants were injected with 18F-FDG of approximately 459 MBq (range 367–

576 MBq), and after a 30-minute uptake period an 8-minute 18F-FDG scan was performed. 

Individual-level patterns of hypometabolism were assessed using 3D stereotactic surface 

projections [25] using CortexID (GE Healthcare) whereby activity at each voxel is Z-scored 

to an age-segmented normative database. We compare FDG-PET at baseline and last visit.

MRI:

Volumetric MRI scans were obtained at 3T, as previously described [3]. Midbrain volume 

was calculated at the baseline and last visit, and volumes were divided by total intracranial 

volume to correct for head size. Midbrain volumes were compared to previously published 

healthy control and PSP-Richardson’s syndrome cohorts [26].

The study was approved by the Mayo Clinic IRB.

RESULTS

Baseline characteristics:

Among the eight PPAOS patients, 5 (63%) were male (Supplementary Table 1). The median 

age at onset was 66 years [Interquartile range (IQR) of 54–74]. The median duration (time 

from onset to first visit) was 3.5 (IQR: 2–5.5) years and median disease duration (onset to 

last visit) was 9 (IQR: 8–11) years.

Evolution of specific parkinsonian features:

All eight patients developed parkinsonian features over time (Figure 1). Bradykinesia was 

one of the earliest findings, with abnormalities observed within the first four years of onset 

in six patients, and it steadily worsened over time. Four patients had asymmetric 

bradykinesia at one time point. Patient 1 had subtle asymmetric, left greater than right-side, 

bradykinesia at first visit and continued to be asymmetric on subsequent visits. Patients 5 

and 7 developed asymmetric bradykinesia after the second visit. For patient 5, it was right 

side greater than left, and for patient 7, left greater than right. Patient 2 became right-side 

asymmetric at the last visit. The remaining for patients (patients 3, 4, 6 and 8) had relatively 

symmetric yet progressive bradykinesia. Rigidity developed later in time for all patients but 

one who did not develop any rigidity (patient 2). Except for patient 5, who showed right-

sided asymmetry as he did for bradykinesia, the rest of the six patients showed relatively 

symmetric rigidity. When assessing axial and limb rigidity patterns separately, half of our 

patients showed axial greater than appendicular rigidity. In three of those, it was within the 

first five years of disease onset. The other four patients showed the opposite pattern, with 

half showing this pattern within four years of onset. Progressive postural instability was 
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observed in all but one patient (patient 7). It emerged as an early finding in patients 1, 3 and 

4, but a late finding in patients 2, 5 and 8. Tremor was not a prominent feature in any patient.

Evolution of neurological test results:

The MDS-UPDRS-III scores increased over time for all eight patients (Figure 2), with 

abnormalities (>7.95) developing after approximately four years in all but one patient 

(patient 8). The PSPRS-Ocular motor scale scores became abnormal (above 2) over time for 

all but two patients (patients 2 and 6). Three patients (1, 5 and 7) developed vertical 

supranuclear palsy (i.e. a score of 3+ on PSIS), three patients (4, 7 and 8) developed slowing 

in vertical eye movements (i.e. score of 2 on PSIS), and two patients (2 and 6) showed no 

abnormalities on the PSIS. Abnormalities on the PSIS tended to occur after five years from 

onset. This was similar for the PSPRS-Ocular motor scale, with the exception of patient 8 

who showed abnormalities between two and three years after disease onset. Except for two 

patients (patients 1 and 6), all showed more than subtle evidence of limb apraxia on the 

WAB limb apraxia test, with prominent impairment developing late in the disease course.

All patients except one (patient 6) showed decreasing performance on the MoCA over time, 

with all but three (patients 5, 6 and 7) eventually scoring below the impairment cut-point 

(Figure 2). Cognition was relatively preserved within the first 3.5 years, with declines 

starting on average six years after onset. As expected, motor speech impairment on the MSD 

was abnormal for all patients from the first visit and it continued to decline over time. Three 

patients (2, 3 and 4) developed aphasia six years after onset. All but one (patient 6) showed 

decreased frontal lobe executive function on the FAB approximately seven years after 

disease onset. Three patients (1, 2 and 3) showed impaired NPI-Q in their last visits, after six 

years of disease duration. For the other five patients, we did not observe many behavioral 

abnormalities given their NPI-Q scores showed fluctuations within the normal range.

Application of PSP/CBS diagnostic criteria:

When MDS-PSP criteria were applied at the last visit (Supplementary Table 1), all but two 

of our patients fulfilled criteria for ocular motor impairment (01 or 02) and akinesia (A2 or 

A3), and hence would meet criteria for possible PSP-SL and probable PSP-P. Of these, three 

(patients 3, 4 and 5) also met C3 and hence would also meet criteria for possible PSP-CBS. 

One (patient 8) met criteria for postural instability (P1) since unprovoked falls were 

observed within three years of onset and hence would also meet criteria for probable PSP-

RS. When MAX criteria were applied to these six patients, patient 8 was diagnosed with 

probable PSP-RS and the other five with probable PSP-P. Two patients (patients 2 and 6) had 

an isolated speech disorder at last visit (i.e. C1) and, hence, met criteria for suggestive of 

PSP-SL. When research criteria for CBS were applied, three patients (patients 3, 4 and 5) 

met possible CBS criteria (Supplementary Table 1). No patient developed limb dystonia, 

postural/action limb myoclonus or an alien limb phenomenon.

Imaging findings:

Progression was observed on FDG-PET in all eight patients (Figure 3). Hypometabolism 

was predominantly observed in premotor cortex, always worse on the left, although 

asymmetry was variable. Decline in striatal hypometabolism was observed and was 
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relatively symmetric. In four patients (patients 2, 3, 4 and 5) greater change occurred in the 

left striatum compared to the right over time (change = 0.14 vs 0.05; p=0.039) [(median 

baseline left striatum: 1.54 (IQR: 1.44–1.6), right striatum: 1.52 (IQR: 1.44–1.6; median at 

last visit: left striatum 1.40 (IQR: 1.33– 1.44), right striatum: 1.47 (IQR: 1.36–1.48)]. 

Patterns of FDG-PET cortical asymmetry at baseline and last visit did not match well with 

clinical parkinsonian asymmetry from UPDRS-III. Absent-minimal midbrain 

hypometabolism was observed across patients. Baseline midbrain volumes were similar to 

controls in all but one patient (patient 1) (Figure 4). Progression was observed by the time of 

the last visit, with three patients (patients 1, 7 and 8) having volumes similar to PSP-

Richardson’s syndrome.

DISCUSSION

In this longitudinal study we characterize the development and progression of parkinsonism 

in patients with PPAOS and long term follow-up. We show that bradykinesia is one of the 

earliest developing features, followed by rigidity and postural instability, and that ocular 

motor impairment and limb apraxia also commonly develops. The majority of PPAOS 

patients eventually met diagnostic criteria for probable PSP-P with a subset also meeting 

criteria for possible CBS.

All patients developed some parkinsonian features, with scores on the MDS-UPDRS III 

tending to increase around four-to-five years after disease onset. Bradykinesia emerged 

earlier than the other characteristic signs and was slightly asymmetric for some patients. 

Bradykinesia/akinesia is a commonly seen extrapyramidal finding and used as a diagnostic 

criterion for both Parkinson’s disease (PD) and other parkinsonian disorders, including PSP 

[11] and CBS [12]. For CBS, asymmetry is used to determine diagnosis, with more 

asymmetric motor functioning observed in CBS compared to PSP. We suspected that 

asymmetry in bradykinesia in our patients may be emerging from asymmetric basal ganglia 

involvement as noted on FDG-PET over time although we acknowledge that FDG-PET is 

not as sensitive to basal ganglia dysfunction as it is for cortical dysfunction. In all eight 

patients, the emergence of rigidity and postural instability followed bradykinesia. Rigidity is 

an important component of the clinical presentation of PSP and CBS [11, 12]. However, its 

characteristics can differ. Rigidity in PSP is almost always more prominent in axial muscles, 

neck, and upper trunk, than appendicular. On the contrary, in CBS it usually begins in one 

limb and ultimately affects all four limbs with less axial rigidity [27]. Four of our patients 

(50%) showed axial rigidity greater than appendicular rigidity and the other four showed the 

opposite pattern. Postural instability is one of the core features of PSP and while it is not a 

core feature of CBS, it can develop later in the disease course [27]. Unlike bradykinesia, 

rigidity, and postural instability, we did not observe a significant role of tremor in PPAOS.

We also observed the emergence of limb apraxia and ocular motor impairment in some of 

our patients. Limb apraxia occurs in 45–81% of CBS patients, as a part of cortical 

dysfunction [12] and can result from damage to the supplementary motor area [28]. Two 

patients with the lowest limb apraxia scores on their last visit did indeed fulfill criteria for a 

possible CBS. The majority of our PPAOS patients (75%) had a vertical gaze abnormality 

and was impaired on the PSIS (≥2) four to five years into the disease. They also performed 
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in the abnormal range on the PSPRS-Ocular motor scale, however, given the larger range, 

the PSPRS-Ocular motor scale revealed less clear progression of eye movement abnormality 

over time. Therefore, it appears that the majority of PPAOS patients will develop some 

features of both PSP and CBS over time. Of our 46 PPAOS patients all but 2 have developed 

parkinsonian features to date and 44 (96%) have evolved into a Parkinson plus syndrome 

with some features typically observed in PSP and CBS, although here they tend to more 

often overlap (like a hybrid syndrome) [29]. With-that-said, other classic features of these 

two syndromes, such as early falls, axial and appendicular dystonia, stimulus sensitive 

myoclonus and alien-limb phenomenon, are not observed.

We also observed progression on other neurological and language measures. We observed a 

consistent decline on the MoCA, around six years after onset, slightly later than the 

development of parkinsonism and a similar development of aphasia, also about six years 

after onset; AOS always remained the most prominent speech or language feature. In fact, 

three patients scored near zero on the MSD scale at their last visits, indicating mutism. 

Executive dysfunction progressed in all but one patient approximately seven years into the 

disease. We did not observe much evidence for psychiatric features, with progression on the 

NPI-Q being difficult to assess due to fluctuations in scores, possibly related to treatment 

effects on depression, anxiety and agitation that can occur in PPAOS.

Anatomically, PPAOS is associated with involvement of the supplementary motor area and 

lateral premotor cortex [3, 6, 30]. It does appear that over time there is greater involvement 

of these areas, as well as spread into motor cortex and prefrontal cortex [7, 26]. Midbrain 

atrophy has also been observed in some patients but is typically mild compared to PSP-

Richardson’s syndrome [26], as was observed in three patients in this study.

The evolution of PPAOS into a Parkinson-plus syndrome has clinical relevance as such 

patients typically will not be evaluated by movement disorder experts early in their illness, 

limiting recognition of this syndrome in the field. Most patients with PPAOS first present to 

their primary care physician and later on are referred to a range of different specialists. In 

our experience, only 20% of PPAOS patients are correctly diagnosed early in the disease 

course, with an equal number receiving a functional (psychogenic) or psychiatric diagnosis. 

Recognition of this syndrome will require knowledge about the existence of the syndrome, 

recognizing its characteristic features [5, 30] and utilizing tests such as FDG-PET which is 

sensitive to showing subtle hypometabolism in the supplementary motor area and premotor 

cortex.

According to the new MDS-PSP diagnostic criteria [11], the majority of patients (6/8) 

showed characteristics of more than one PSP variant. When we applied the MAX criteria 

[24], five of eight patients met criteria for ‘probable PSP-P’, one for ‘probable PSP-RS’, and 

two for ‘suggestive of PSP-SL’ mirroring our experience when applying the MDS-PSP 

criteria to a large cohort of patients with speech and language disorders, whereby a large 

number were diagnosed as PSP-P by MAX criteria [26].
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The main strength of our study is the 6 years of detailed yearly clinical examinations by 

leading experts in movement disorders and speech and language pathology. On-the-other 

hand, the main limitation is the lack of pathological confirmation.

CONCLUSION

PPAOS patients appear to inevitably develop a Parkinson’s plus syndrome and hence should 

be recognized as an early presentation of such.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Primary progressive apraxia of speech (PPAOS) is a neurodegenerative 

syndrome in which patients present with an isolated motor speech disorder.

• PPAOS patients develop parkinsonism and evolve into a Parkinson-plus 

disorder over the disease course.

• The evolved parkinsonian syndrome share clinical features with both 

progressive supranuclear palsy (PSP) and corticobasal syndrome (CBS).

Seckin et al. Page 11

Parkinsonism Relat Disord. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: The evolution of bradykinesia, rigidity, tremor and postural instability
The x-axis of each graph shows years from disease onset and y-axis shows the severity in 

each parkinsonian feature sub-score from the MDS-UPDRS-III, grading from 0 to 4 

(0=normal, 4=severe). Each point represents a patient visit. Blue color represents the right 

side and red color represents the left side.

• Subtest scores of bradykinesia on finger tapping, hand movement, pronation-

supination, toe-tapping and leg agility were summed up for each side and graphs 

for ‘bradykinesia’ variable were drawn accordingly.

• Subtest scores of the upper and lower extremity were summed up for each side 

and graphs for ‘rigidity’ variable were drawn accordingly.
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• Subtest scores of postural and kinetic tremors of the hand, resting tremors of the 

upper and lower extremity were summed up and graphs for the ‘tremor’ variable 

were drawn accordingly.

• For the ‘postural instability’ variable, the subtest score for postural stability was 

used to create the graphs.
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Figure 2: Longitudinal performance of all patients on select clinical measures
Normal cutpoints are noted with the bright blue line. MoCA = Montreal Cognitive 

Assessment; MSD= Motor Speech Disorder; WAB-AQ= Western Aphasia Battery- Revised 

aphasia quotient; FAB = Frontal Assessment Battery; NPI-Q = Neuropsychiatric Inventory 

Questionnaire; WAB limb apraxia= Western Aphasia Battery limb apraxia subtest; UPDRS-

III= Unified Parkinson’s Disorder Rating Scale III; PSPRS-Ocular motor= Progressive 

Supranuclear Palsy (PSP) Rating Scale Ocular motor subtest; PSIS= PSP Saccadic 

Impairment Scale
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Figure 3: Superior views of FDG-PET scans of first and last visits for each patient showing 
hypometabolism as age-corrected Z-scores
DD=Disease duration. On the left-hand side, first visit images and corresponding age at 

scanning and PPAOS duration are demonstrated. On the right-hand side, last visit images 

and corresponding age at scanning and disease duration are demonstrated. Numbers are Z-

scores compared to metabolism of the same region in an age match normal control 

population.
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Figure 4: Midbrain volumes at first and last visits for each PPAOS patient compared to healthy 
controls and PSP-Richardson syndrome.
Volumes are adjusted for total intracranial volume. Boxes show median, 25th and 75th 

percentiles with whiskers extending to 95th percentiles.
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