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Progressive Supranuclear Palsy (PSP) and Parkinson's Disease (PD), especially in their early stages, show overlapping clinical manifestations. The criteria for the diagnosis of PSP, released in 2017, indicate four basic features of the disease—postural instability (P), akinesia (A), oculomotor dysfunction (O) and cognitive and lingual disorders (C), which clarify the interpretation of the disease. There is growing interest in the second most common variant of PSP—parkinsonism predominant PSP-P. It is observed in up to 35% of cases. The diagnosis of PSP-P requires the presence of akinetic-rigid predominantly axial and levodopa resistant parkinsonism (A2) or parkinsonism with tremor and/or asymmetric and/or levodopa responsive (A3). The development of supplementary methods of examination added new insights to observations related to PSP-P. Among the methods recently analyzed are freezing of swallowing and speech breathing assessment, transcranial sonography, and various methods using magnetic resonance imaging, such as pons/midbrain area ratio and magnetic resonance parkinsonism index (MRPI), fractional anisotropy or mean diffusivity. The proper examination of overlapping parkinsonian syndromes, regardless of the development of the method of examination, remains an incompletely explored issue. The aim of this review is to elucidate which factors may be interpreted as influential in the differential diagnosis of PSP-P, PSP-RS and postural instability and gait difficulty (PIGD) subtype of Parkinson's disease (PD).
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INTRODUCTION

Progressive supranuclear palsy (PSP) is the most common atypical parkinsonism. The neuropathology of this tauopathy is related to tufted astrocytes. PSP was first described by, Steele et al. (1). Observations concerning this disease led to the description of various phenotypes. The PSP—Richardson-Steele-Olszewski (PSP-RS)—clinically related with significant oculomotor dysfunction and postural instability in the early stages is the most common (2). The parkinsonism variant of PSP (PSP-P), associated with a less severe course of the disease, is the second most common and is diagnosed in 14–35% cases of PSP (3). The diagnosis of PSP-P is often made retrospectively. Unlike PSP-RS, PSP-P is not associated with the atrophy of midbrain tegmentum, especially in its early stages (4). During the course of the disease, PSP-P may evolve into PSP-RS. Recent criteria for the diagnosis of PSP stress 4 basic factors—oculomotor dysfunction (O), postural instability (P), akinesia (A), and cognitive impairments and language disorders (C), which describe phenotypes of the disease. The intensity of symptoms is graded from 1 to 3 within each factor. Probable PSP-P is associated with vertical supranuclear gaze palsy (O1) or slow velocity of vertical saccades (O2) and parkinsonism, akinetic-rigid predominantly axial and levodopa resistant (A2) or parkinsonism, with tremor and/or asymmetric and/or levodopa responsive (A3). Possible PSP-P symptoms may include postural instability and cognitive or language deficits. The presence of A2 and A3 is obligatory (2). The clinical manifestation of PSP subtypes present significant overlaps, however they are associated with differences in neuropathological examination (5–7). The mentioned above features of PSP-P lead to additional difficulties in the differentiation of PSP-P and postural instability gait disorder (PIGD) variant of PD.



CLINICAL EXAMINATION

A study analyzing phenotypes of PSP using Dementia Rating Scale-2, Frontal Assessment Battery, and lexical fluency scale, revealed more rapid deterioration in PSP-RS. The phenotype of the disease was interpreted as a predictor of the course of the disease. The authors of the study indicated that freezing of gait was more frequent in PSP-P whereas bradyphrenia was more frequent in PSP-RS. Other clinical features, e.g., dysarthria and falls, were similar in both phenotypes (8).

A study, based on examination of 25 patients with PSP in Yonago, showed increased prevalence of PSP in Japan. Twelve percentage of them had a clinical manifestation of PSP-P. PSP-P patients in this study were associated with clinical Parkinson's Disease-like syndrome. The authors of the study interpreted asymmetric onset, tremor and primary levodopa treatment response as elements of the clinical manifestation of PSP-P. Additionally, the mean duration of the disease within patients with PSP-P was longer−7.7 years compared with 3.8–4.0 for patients with either probable or possible PSP-RS (9). The weakness of this study was low number of patients examined and disproportionate groups−3 with PSP-P and 20 with PSP-RS.

In another study, where the mean ages of patients with PSP-P and PSP-RS were similar, the authors observed a significant difference in executive function and processing speed between PSP-RS and brainstem predominant PSP phenotypes—PSP-P and PSP-pure akinesia and gait freezing (PSP-PAGF). Deterioration was more significant in PSP-RS. Other neuropsychological features examined—such as memory, language, working memory, and visuospatial memory—showed no significant differences. This study was based on 3 patients with PSP-P and 14 with PSP-RS (10). Another work presented a 24 month clinical assessment of patients with PD, PSP-RS or PSP-P (11). Out of 180 patients, only 11 were diagnosed with PSP-P and 14 with PSP-RS. The authors showed that verbal fluency deficits and apathy are more characteristic for PSP-RS and PSP-P than PD. Additionally, verbal fluency deficits were found to be more typical of PSP-RS whereas PSP-P was more closely associated with apathy. The research presents a cross sectional neurological, neuropsychiatric, and neuropsychological study. The weakness of the study was the small group of patients with PSP and the disproportion between the PD and PSP groups (11).

In another work evaluating 17 patients with PSP-RS, 12 patients with PSP-P and 30 healthy volunteers, participants were assessed using Unified Parkinson's Disease Rating Scale-III, PSP rating scale, Berg balance scale, Tinetti performance-oriented mobility assessment and total score, dynamic posturography and MRI. The study showed that abnormalities regarding balance and those observed in MRI were more significant in PSP-RS. Additionally the qualitative and quantitative assessment of abnormalities, observed in balance deficits, were more related with midbrain atrophy among PSP-P patients (12).

Another work described freezing of swallowing (FOS) among patients with PSP-P. The observation was based on three patients with a diagnosis of probable PSP-P who suffered significant weight loss. Patients underwent videofluoroscopic examination of swallowing (13). The research did not provide any comparison of FOS in PD and PSP-RS. The fluency of speech in the course of dysarthria in PSP was analyzed in a different study, where the pace stability of speech was examined among 16 patients with a clinical diagnosis of PSP-RS, 20 with PSP-P, 60 with PD and 32 healthy volunteers. Each patient was asked to repeat one syllable. Every participant examined in the study repeated the syllable at an individual isochronous pace. The pace stability of speech was assessed by obtaining the coefficient of variance (COV) of interval length in the patients' speech. The comparison of COV indicated more significant intervals in PSP-RS than in PSP-P. Additionally, the results of PSP-P patients were worse than of those with PD. Another feature examined in the study—speech breathing, evaluated by asking the patients to keep saying one of the vowels on one breath, showed worse mean results among patients with PSP-P than with PSP-RS (14).

Another study evaluated speech acoustic analysis as a possible tool for PSP-P differentiation (15). In this work the vocal test was composed of four complex sentences to be read. The authors reported differences between patients with PSP and PD—reduction of NSR (net speech rate—total speech time, without pauses) and increase of PR% (pause ratio—percentage of time consumed by pauses) were observed in PSP. Differences in gender-matching subgroups of PSP and PD patients were observed, however no significant disparities were found between PSP-P and PSP-RS subpopulations. Nevertheless, this study is limited by the number of patients examined (14 with PSP-RS, 12 with PSP-P, 30 with PD) and acoustic parameters.

Faster deterioration of the condition of patients with PSP-RS is correlated with a shorter survival time compared to PSP-P (16, 17). In a study examining 51 patients with PSP-RS, 21 with PSP-P and 49 with multiple system atrophy—parkinsonian type (MSA-P), the mean survival time of patients with PSP-RS was 6.8 years compared to 11.2 years in patients with PSP-P. Additionally the survival time of patients with PSP-P was significantly longer than in MSA-P groups (7.9 years) (16). The uncharacteristic clinical manifestation of PSP-P and various symptomatological overlaps of PSP-P and Dementia with Lewy Bodies, PD, MSA and Vascular Parkinsonism led to a search for possible differentiating factors. The authors of one of the studies indicated visual hallucinations, drug induced dyskinesias and autonomic dysfunction as possibly exclusive features of PSP-P (18).

The most significant clinical and biochemical differences between PSP-P and PSP-RS are associated with the first 2 years of the disease. One of the researches showed that the entities were distinguishable during the early stage (19). PSP-RS patients showed faster deterioration, however, during the course of the disease, features such as postural instability, supranuclear gaze palsy and cognitive impairment became similar. Additionally, tau levels in the cerebrospinal fluid of patients with PSP-RS and PSP-P did not show any significant differences (19).

The clinical examination features of PSP-RS and PSP-P show that in most studies the most significant overlaps between the diseases are observed among patients with longer disease duration. During the first years PSP-P and PD may be undistinguishable. Most of the recently published studies, as the one performed by Borm et al. indicate PIGD as a challenging feature in the differentiation of parkinsonisms. Authors of this study indicate “bedside” PIGD tests as possible methods of differentiation between PD and atypical parkinsonisms. In this study authors bring up the issue of only of the variants of PSP—PSP-RS. The issue considering differentiation of PSP-P and PD is not discussed (20).

The general conclusion of the studies presented in this section of the review is that PSP-P, though associated with a less severe course of the disease, should be interpreted as a more gradually evolving PSP, whereas PSP-RS more dynamically. The vast majority of the studies presented in this section lacked neuropathological examination (9–16, 19). Only the works performed by O'Sullivan and Williams were neuropathologically confirmed (17, 18).

Except for the works conducted by Shoeibi et al., Borm et al., and Lee et al., all of the studies presented in this section of the manuscript were published before the release of current criteria of diagnosis of PSP.



ADDITIONAL EXAMINATION

A 4-year prospective clinical study, examining 110 patients with an initial diagnosis of PD, evaluated possible imaging biomarkers of vertical gaze palsy. During the 4 year follow up vertical gaze palsy was observed in 10 patients. All patients were assessed using pons/midbrain area ratio 2.0 and magnetic resonance parkinsonism index 2.0 (MRPI 2.0) (pons area-midbrain area ratio multiplied by middle cerebellar peduncles width-superior cerebellar peduncles (SCP) width ratio multiplied by third ventricle width/frontal horns width ratio) (21, 22). The results of the study revealed significant differences of MRPI 2.0 between PD and PSP-P. Additionally at the end of the 4 year follow up pons/midbrain (P/M) ratio 2.0 as well as MRPI 2.0 distinguished PD and PSP with increased values in PSP-P compared to PD. The MRPI 2.0 was interpreted as a predictor of the phenotype of parkinsonian syndrome (21). Another study presenting 12 patients with PSP-RS, 12 patients with PSP-P and 23 with PD examined midbrain atrophy. Primary MRI was followed by further examination after a minimum of 2 years. Each image was evaluated using pontine to midbrain tegmental areas ratio (P/M ratio) and the length between the interpeduncular fossa and the center of the cerebral aqueduct at the midmammillary-body level (MTEGM). Primary examination revealed increased P/M ratio and lower MTEGM in patients with PSP-RS compared to those with PSP-P or PD. During the course of the disease no abnormalities of P/M ratio and MTEGM among patients with PD were detected. Eventual results of patients with PSP-P showed increased P/M ratio and decreased MTEGM. The most significant changes in P/M ratio and MTEGM were found PSP-RS group (23). At this stage no differences between PSP-P and PD were detected.

In a study assessing 10 patients with PSP-RS, 10 with PSP-P, 25 with PD and 24 healthy controls using 3D T1-weighted images, authors evaluated the pons/brain and MRPI. Both pons/brain ratio and MRPI revealed significant differences between PSP-RS and PD as values of the parameters were higher in PSP-RS. Only the pons/brain ratio distinguished between PSP-P and PD as it was increased in PSP-P. The high specificity of this factor−96% was affected by a relatively low sensitivity−60% (24). The lack of significant differences between PSP-P and PD in MRPI shows higher involvement of infratentorial structures in PSP-RS than in PSP-P.

A work presenting 24 patients with PSP-P, indicated that MRPI precedes vertical supranuclear gaze palsy (VSGP) among patients with PSP-P. Patients were assessed every 6 months until the initiation of VSGP (25).

Another study showed differences within the SCP in MRI planimetric assessment. The more significant atrophy of SCP in PSP-RS compared to PSP-P was associated with the fact that postural instability is a more conspicuous element of PSP-RS symptomatology. The study was based on 48 patients with a diagnosis of probable PSP-RS and 30 patients with probable PSP-P. Additionally, the authors of the study evaluated 37 patients with PD. The severity of clinical manifestation in PSP-P (motor and cognitive function, levodopa responsiveness) was interpreted as intermediate between PD and PSP-RS. The deterioration was more pronounced in PSP-RS (26).

3T Magnetic Resonance Imaging (MRI) was analyzed among 23 patients with PD, 12 with PSP-RS and 12 with PSP-P. Authors of one of the studies evaluated mean diffusivity, fractional anisotropy, gray and white matter volume. The authors of the study found significant differences between PSP phenotypes and PD within mesencephalic tegmentum, superior cerebellar peduncle, decussation of SCP and dentate nucleus. Significant abnormalities in PSP were observed in those regions in fractional anisotropy decrease, volume loss and increased mean diffusivity. Additionally, microstructural analysis of the dentatorubrothalamic tract revealed more significant volume loss in PSP-RS than in PSP-P. The decussation of SCP and the thalamus was more marked in PSP-RS than in PSP-P (27). A different study examining 8 patients with the diagnosis of probable PSP-P and 2 with possible PSP-P was conducted using diffusion tensor (DT) MRI. The follow-up duration was 1.6 years and results were compared with 36 age matched healthy controls. Analysis of DT MRI revealed significant damage of supratentorial tracts within the white matter (WM). No deterioration was observed within the cerebellar WM. The authors of the study interpreted the damage of WM supratentorial tracts as a possible marker of PSP-P evolution. The paper did not show any correlation between the clinical manifestation and DT MRI abnormalities (3). In a work highlighting the role of DT MRI 21 patients with PSP-RS, 16 patients with PSP-P and 42 healthy volunteers were examined. The most significant deterioration of infratentorial white matter and thalamic radiations was observed in PSP-RS patients, whereas PSP-P patients were less affected. Authors of the study also indicated the role of combined DT MRI and MRPI assessment, which was interpreted as a possible distinguishing tool of PSP-RS and PSP-P (28).

In a study examining 18 patients with PSP-RS, 14 with PSP-P, 20 with PD and 25 healthy controls, authors verified the role of corpus callosum volumetry in the differentiation of parkinsonian syndromes. The work revealed that the volume of the central part of corpus callosum (CC) was lower in PSP-RS than in PSP-P and PD. The volume of the midanterior part of CC was lower in PSP-RS than in PSP-P and PD, however for PSP-P it was comparable with early PD. The study, though indicating a factor possibly differentiating PSP-RS and PSP-P, did not show any location distinguishing PSP-P from PD (29).

Differences between PSP-RS and PSP-P were also assessed in the context of deficits within the dopaminergic system using dopamine transporter scan (DaTScan) and iodobenzamide scan. In one of the works examining 6 patients with PSP-RS, 4 with PSP-P and 10 with PD decreased striatal uptake in PSP-RS compared to PSP-P was observed in DaTScan and iodobenzamide scan. However, only the results obtained using iodobenzamide scan and not in DaTScan showed statistical significance. This observation was not confirmed in DaTScan. Additionally putamen to putamen-to-caudate nucleus ratio (putamen counts–occipital cortex counts)/(caudate nucleus counts–occipital cortex counts) (P/C) revealed significant differences between all subtypes of PSP and PD as it was increased in PSP. No differences between PSP-RS and PSP-P in putamen-to-caudate nucleus ratio were found (30).

Transcranial sonography (TCS) was evaluated among 11 patients with PSP-P and 21 patients with PSP-RS. Hyperechogenic substantia nigra was observed among 14% of patients with PSP-RS and 73% with PSP-P. Hyperechogenic lenticular nucleus on either one or both sides was detected in 67% patients with PSP-RS and PSP-P. Additionally, the authors of the study measured the width of the third ventricle, which tended to be significantly wider within the PSP-RS group (31). Similar observations in the context of the width of the third ventricle were also found in a study, where the research groups consisted of 27 patients with PSP-RS and 7 patients with PSP-P. Hyperechogenic substantia nigra was observed in 86% of patients with PSP-P. On other hand, lack of substantia nigra echogenicity abnormalities was indicated among 96% patients with PSP-RS (32).

Transcranial Magnetic Stimulation (TMS) was analyzed among 15 patients with PSP-RS and 11 with PSP-P. The results of patients with PSP were compared to 15 PD patients (33). Transcallosal inhibition was more visible in PSP-RS than in PSP-P or PD. The work showed that transcallosally projecting output neurons are more affected in PSP-RS than in the related diseases (33). The issue was also brought up in a study by Benussi et al., where authors analyzed the inhibition of the motor cortex induced by stimulation of the cerebellum with a figure of eight-coli. The outcome of the work showed significant differences of PSP patients when compared with DLB,CBS, DLB and healthy patients. Each group consisted of 15–26 patients (34). In a work highlighting the use of TMS as method of increasing cerebellar-brain inhibition, authors concluded that it may be used as a treatment of speech and postural disturbances in PSP. Authors did not elaborate on the issue of possible different outcomes of treatment among PSP-P and PSP-RS patients. The work was based on the analysis of 2 patients (35).

A cohort study examining 9,369 patients between 1914 and 2010 revealed 269 patients with a clinical diagnosis of parkinsonian syndrome at the moment of death. The clinical diagnosis was verified by neuropathological examination, which indicated idiopathic PD in 62.2% patients. Neuropathological diagnosis of PSP was confirmed in 4.2%, whereas MSA was detected in 2.3%. The diagnostic specificity of PD rose gradually from 71.2 to 85.7% over the period of research (36). The study did not stress the issue of PD/PSP-P differentiation.

Seventeen pathologically confirmed patients with PSP-RS and 7 with PSP-P were examined using a validated point-counting technique. Cortical volume loss was a parameter distinguishing PSP-RS and PSP-P within the frontal pole, inferior frontal gyrus. The more significant loss was observed in PSP-RS. Additionally, more severe cortical atrophy was observed in the globus pallidus, amygdala and thalamus. The thalamocortical volume loss was interpreted as a feature of PSP-RS, however no correlation between this atrophy and the presence of typical PSP symptoms was found. The atrophy of supramarginal gyrus did not differ PSP-RS from PSP-P (5). Pathological studies based on 8 patients with PSP-P and 10 with PSP-RS, showed differences in the involvement of substantia nigra. In PSP-P neuronal loss with gliosis was found in 87.5% of patients, whereas in PSP-RS in 50% of patients. This group also examined the neuronal loss with gliosis within the subthalamic nucleus, which was also significantly more common among PSP-P patients (6). Another work based on 18 patients with PSP-RS and 12 patients with PSP-P showed different patterns of tau pathology (7). Changes observed in PSP-RS were more disseminated. Significant differences were observed within the basal ganglia, subthalamic nucleus, tectum, locus coeruleus and dentate nucleus. Another work indicating PSP-tau score (12 grade—0 mild tau pathology, >7 widespread pathology) revealed no cases of PSP-P with PSP-tau score above 5. The authors of this work found a negative correlation between the PSP-tau score and disease duration (37).

PSP-P analyses lack extended studies on a genetic basis. PSP is interpreted as a mainly sporadic disease, however certain works describe risk factors which may be associated with PSP such as H1 haplotype of MAPT and its subtype H1c (38). Growing interest concerning additional PSP risk alleles is related to the risk alleles in STX6 and EIF2AK3. In a work describing a patient with PSP-P clinical phenotype, the authors showed the association with VPS35 and FBXO7 genes. Neuropathological examination revealed alfa synuclein Lewy body pathology. PSP-P clinical manifestation was associated with deterioration observed in the brain stem (39).

Analysis regarding differences in neurofilaments showed differentiation between PD and atypical parkinsonisms, which may be useful in distinguishing PSP-P and PD (40–42). No differences regarding differentiation of PSP phenotypes using this method were revealed.

The general conclusion of the additional examinations in PSP-P is that the obtained results do not provide specific differentiating tools. MRPI 2.0 and P/M ratio may be interpreted as an interesting feature possibly useful when analyzed as a correlation with clinical manifestation. The damage of WM supratentorial tracts in PSP-P seems to be an evolving tool, however contemporarly requiring more detailed analysis. Other MRI evaluations such as the assessment of mesencephalic tegmentum, superior cerebellar peduncle, dentate nucleus show more pronounced deterioration in PSP-RS. Volumetric analyses provide similar results when analyzing the frontal lobe, however various structures such as the corpus callosum do not show any differences which could be implanted in everyday clinical practice. The TCS in the critical differentiation of PSP-P and PD, which is the most difficult feature in contemporary examination, may not be interpreted as a useful tool, as the results of PSP-P and PD patients may be the same. The TMS is a method which requires extended analysis and further studies based on larger groups of patients. Undoubtedly the repeating result of the presented studies shows cerebellar inhibition as a vital component of PSP syndrome, however the differentiation of PSP-RS and PSP-P at this stage is indicated only in the transcallosal stimulation study. The overall observation of the presented pathological studies on the differences between PSP-P and PSP-RS show more conspicuous boundaries, especially when interpreting the cortical volume loss and tau dissemination. The main drawback is they cannot be done in vivo, which may become an obstacle in the future when individualized treatment will be initiated.

Among the works mentioned in this section of the manuscript, only works by Quattrone et al., Seki et al., Benussi et al., Dale et al., and Menšíková et al., were published after the release of contemporary criteria of diagnosis of PSP.



CONCLUSION

• Neuroimaging and other types of additional examinations show, that even in advanced stages of PSP-P, significant overlaps with PD rather than PSP-RS can be observed (Table 1).

• The differences between PSP-RS and PSP-P in majority of the presented studies were not verified by neuropathological examination particularly due to the necessity of in vivo assessment.

• Possible evolution of PSP-P into PSP-RS remains a question of whether it is an actual evolution of one entity into another or if it is more likely related to primary misdiagnosis.

• Future directions in the examination of PSP should indicate early differential diagnosis of PSP-P and PD-PIGD. This may enable treatment of PSP-P in the stages, when the therapy would be the most beneficial. In our opinion this can be achieved by obtaining an algorithm of neuroimaging, which could multidimensionally present abnormalities in the structures with stressed changes e.g., cerebellar peduncles, corpus callosum, pons and midbrain. Morphological and Metabolic changes should be extended by the next generations of tau radiotracers which show improved specificity.


Table 1. Comparison of PSP-P, PSP-RS, and PD features.

[image: Table 1]



AUTHOR CONTRIBUTIONS

PA and NM: study design, data collection, data interpretation, acceptance of final manuscript version, and literature search. DK and AF: data interpretation and acceptance of final manuscript version.



REFERENCES

 1. Steele JC, Richardson JC, Olszewski J. Progressive supranuclear palsy. A heterogenous degeneration involving the brain stem, basal ganglia and cerebellum with vertical supranuclear gaze and pseudobulbar palsy, nuchal dystonia and dementia. Arch Neurol. (1964) 10:333–59. doi: 10.1001/archneur.1964.00460160003001

 2. Höglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, Lang AE, et al. Clinical diagnosis of progressive supranuclear palsy: the movement disorder society criteria. Mov Disord. (2017) 32:853–64. doi: 10.1002/mds.26987

 3. Caso F, Agosta F, Ječmenica-Lukić M, Petrović I, Meani A, Kostic VS, et al. Progression of white matter damage in progressive supranuclear palsy with predominant parkinsonism. Parkinsonism Relat Disord. (2018) 49:95–9. doi: 10.1016/j.parkreldis.2018.01.001

 4. Watanabe H, Yoshida M, Naganawa S, Sobue G. The diagnosis of neurodegenerative disorders based on clinical and pathological findings using an MRI approach. Rinsho Shinkeigaku. (2011) 51:863–4. doi: 10.5692/clinicalneurol.51.863

 5. Schofield EC, Hodges JR, Macdonald V, Cordato NJ, Kril JJ, Halliday GM. Cortical atrophy differentiates Richardson's syndrome from the parkinsonian form of progressive supranuclear palsy. Mov Disord. (2011) 26:256–63. doi: 10.1002/mds.23295

 6. Kanazawa M, Shimohata T, Toyoshima Y, Tada M, Kakita A, Morita T, et al. Cerebellar involvement in progressive supranuclear palsy: a clinicopathological study. Mov Disord. (2009) 24:1312–8. doi: 10.1002/mds.22583

 7. Jellinger KA. Different tau pathology pattern in two clinical phenotypes of progressive supranuclear palsy. Neurodegener Dis. (2008) 5:339–46. doi: 10.1159/000121388

 8. Shoeibi A, Litvan I, Tolosa E, Ser TD, Lee E, TAUROS Investigators. Progression of two progressive supranuclear palsy phenotypes with comparable initial disability. Parkinsonism Relat Disord. (2019) 66:87–93. doi: 10.1016/j.parkreldis.2019.07.010

 9. Takigawa H, Kitayama M, Wada-Isoe K, Kowa H, Nakashima K. Prevalence of progressive supranuclear palsy in Yonago: change throughout a decade. Brain Behav. (2016) 6:e00557. doi: 10.1002/brb3.557

 10. Lee YC, Williams DR, Anderson JFI. Prospective characterization of cognitive function in typical and “brainstem predominant” progressive supranuclear palsy phenotypes. J Mov Disord. (2018) 11:72–7. doi: 10.14802/jmd.17067

 11. Pellicano C, Assogna F, Cellupica N, Piras F, Pierantozzi M, Stefani A, et al. Neuropsychiatric and cognitive profile of early Richardson's syndrome, progressive supranuclear palsy-parkinsonism and Parkinson's disease. Parkinsonism Relat Disord. (2017) 45:50–6. doi: 10.1016/j.parkreldis.2017.10.002

 12. Pasha SA, Yadav R, Ganeshan M, Saini J, Gupta A, Sandhya M, et al. Correlation between qualitative balance indices, dynamic posturography and structural brain imaging in patients with progressive supranuclear palsy and its subtypes. Neurol India. (2016) 64:633–9. doi: 10.4103/0028-3886.185417

 13. Maetzler W, Rattay TW, Hobert MA, Synofzik M, Bader A, Berg D, et al. Freezing of swallowing. Mov Disord Clin Pract. (2016) 3:490–3. doi: 10.1002/mdc3.12314

 14. Skodda S, Grönheit W, Schlegel U. Instability of syllable repetition in progressive supranuclear palsy. J Neural Transm. (2012) 119:457–62. doi: 10.1007/s00702-011-0737-z

 15. Skodda S, Visser W, Schlegel U. Acoustical analysis of speech in progressive supranuclear palsy. J Voice. (2011) 25:725–31. doi: 10.1016/j.jvoice.2010.01.002

 16. Jecmenica-Lukic M, Petrovic IN, Pekmezovic T, Kostic VS. Clinical outcomes of two main variants of progressive supranuclear palsy and multiple system atrophy: a prospective natural history study. J Neurol. (2014) 261:1575–83. doi: 10.1007/s00415-014-7384-x

 17. O'Sullivan SS, Massey LA, Williams DR, Silveira-Moriyama L, Kempster PA, Holton JL, et al. Clinical outcomes of progressive supranuclear palsy and multiple system atrophy. Brain. (2008) 131:1362–72. doi: 10.1093/brain/awn065

 18. Williams DR, Lees AJ. What features improve the accuracy of the clinical diagnosis of progressive supranuclear palsy-parkinsonism (PSP-P)? Mov Disord. (2010) 25:357–62. doi: 10.1002/mds.22977

 19. Srulijes K, Mallien G, Bauer S, Dietzel E, Gröger A, Ebersbach G, et al. In vivo comparison of Richardson's syndrome and progressive supranuclear palsy-parkinsonism. J Neural Transm. (2011) 118:1191–7. doi: 10.1007/s00702-010-0563-8

 20. Borm CDJM, Krismer F, Wenning GK, Seppi K, Poewe W, Pellecchia MT, et al. Axial motor clues to identify atypical parkinsonism: a multicentre European cohort study. Parkinsonism Relat Disord. (2018). 56:33–40. doi: 10.1016/j.parkreldis.2018.06.015

 21. Quattrone A, Morelli M, Vescio B, Nigro S, Le Piane E, Sabatini U, et al. Refining initial diagnosis of Parkinson's disease after follow-up: a 4-year prospective clinical and magnetic resonance imaging study. Mov Disord. (2019) 34:487–95. doi: 10.1002/mds.27621

 22. Quattrone A, Morelli M, Nigro S, Quattrone A, Vescio B, Arabia G, et al. A new MR imaging index for differentiation of progressive supranuclear palsy-parkinsonism from Parkinson's disease. Parkinsonism Relat Disord. (2018) 54:3–8. doi: 10.1016/j.parkreldis.2018.07.016

 23. Hwang M, Yang H, Kim Y, Youn J, Park J, Huh YE, et al. Differential progression of midbrain atrophy in parkinsonism: longitudinal MRI study. Neurodegener Dis. (2017) 17:31–7. doi: 10.1159/000448174

 24. Longoni G, Agosta F, Kostić VS, Stojković T, Pagani E, Stošić-Opinćal T, et al. MRI measurements of brainstem structures in pati9ents with Richardson's syndrome, progressive supranuclear palsy-parkinsonism, and Parkinson's disease. Mov Disord. (2011) 26:247–55. doi: 10.1002/mds.23293

 25. Quattrone A, Morelli M, Williams DR, Vescio B, Arabia G, Nigro S, et al. MR parkinsonism index predicts vertical supranuclear gaze palsy in patients with PSP–parkinsonism. Neurology. (2016) 87:1266–73. doi: 10.1212/WNL.0000000000003125

 26. Quattrone A, Caligiuri ME, Morelli M, Nigro S, Vescio B, Arabia G, et al. Imaging counterpart of postural instability and vertical ocular dysfunction in patients with PSP: a multimodal MRI study. Parkinsonism Relat Disord. (2019) 63:124–30. doi: 10.1016/j.parkreldis.2019.02.022

 27. Seki M, Seppi K, Mueller C, Potrusil T, Goebel G, Reiter E, et al. Diagnostic potential of dentatorubrothalamic tract analysis in progressive supranuclear palsy. Parkinsonism Relat Disord. (2018) 49:81–7. doi: 10.1016/j.parkreldis.2018.02.004

 28. Agosta F, Pievani M, Svetel M, Ječmenica Lukić M, Copetti M, Tomić A, et al. Diffusion tensor MRI contributes to differentiate Richardson's syndrome from PSP-parkinsonism. Neurobiol Aging. (2012) 33:2817–26. doi: 10.1016/j.neurobiolaging.2012.02.002

 29. Lenka A, Pasha SA, Mangalore S, George L, Jhunjhunwala KR, Bagepally BS, et al. Role of corpus callosum volumetry in differentiating the subtypes of progressive supranuclear palsy and early Parkinson's disease. Mov Disord Clin Pract. (2017) 4:552–8. doi: 10.1002/mdc3.12473

 30. Lin WY, Lin KJ, Weng YH, Yen TC, Shen LH, Liao MH, et al. Preliminary studies of differential impairments of the dopaminergic system in subtypes of progressive supranuclear palsy. Nucl Med Commun. (2010) 31:974–80. doi: 10.1097/MNM.0b013e32833e5f90

 31. Kostić VS, Mijajlović M, Smajlović D, Lukić MJ, Tomić A, Svetel M. Transcranial brain sonography findings in two main variants of progressive supranuclear palsy. Eur J Neurol. (2013) 20:552–7. doi: 10.1111/ene.12034

 32. Ebentheuer J, Canelo M, Trautmann E, Trenkwalder C. Substantia nigra echogenicity in progressive supranuclear palsy. Mov Disord. (2010) 25:773–7. doi: 10.1002/mds.22981

 33. Wittstock M, Pohley I, Walter U, Grossmann A, Benecke R, Wolters A. Interhemispheric inhibition in different phenotypes of progressive supranuclear palsy. J Neural Transm. (2013) 120:453–61. doi: 10.1007/s00702-012-0879-7

 34. Benussi A, Dell'Era V, Cantoni V, Turrone R, Pilotto A, Alberici A, et al. Stimulation over the cerebellum with a regular figure-of-eight coil induces reduced motor cortex inhibition in patients with progressive supranuclear palsy. Brain Stimul. (2019). 12:1290–7. doi: 10.1016/j.brs.2019.05.017

 35. Dale ML, DeVries WH, Mancini M, George MS. Cerebellar rTMS for motor control in progressive supranuclear palsy. Brain Stimul. (2019) 12:1588–91. doi: 10.1016/j.brs.2019.07.017

 36. Horvath J, Burkhard PR, Bouras C, Kövari E. Etiologies of Parkinsonism in a century-long autopsy-based cohort. Brain Pathol. (2013) 23:28–33. doi: 10.1111/j.1750-3639.2012.00611.x

 37. Williams DR, Holton JL, Strand C, Pittman A, de Silva R, Lees AJ, et al. Pathological tau burden and distribution distinguishes progressive supranuclear palsy-parkinsonism from Richardson's syndrome. Brain. (2007) 130:1566–76. doi: 10.1093/brain/awm104

 38. Höglinger GU, Melhem NM, Dickson DW, Sleiman PM, Wang LS, Klei L, et al. Identification of common variants influencing risk of the tauopathy progressive supranuclear palsy. Nat Genet. (2011) 43:699–705. doi: 10.1038/ng.859

 39. Menšíková K, Tučková L, Kolariková K, Bartoníková T, Vodička R, Ehrmann J, et al. Atypical parkinsonism of progressive supranuclear palsy–parkinsonism (PSP-P) phenotype with rare variants in FBXO7 and VPS35 genes associated with Lewy body pathology. Acta Neuropathol. (2018) 137:171–3. doi: 10.1007/s00401-018-1923-y

 40. Hansson O, Janelidze S, Hall S, Magdalinou N, Lees AJ, Andreasson U, et al. Blood-based NfL: a biomarker for differential diagnosis of parkinsonian disorder. Neurology. (2017) 88:930–7. doi: 10.1212/WNL.0000000000003680

 41. Herbert MK, Aerts MB, Beenes M, Norgren N, Esselink RA, Bloem BR, et al. CSF neurofilament light chain but not FLT3 ligand discriminates parkinsonian disorders. Front Neurol. (2015) 6:91. doi: 10.3389/fneur.2015.00091

 42. Jesse S, Steinacker P, Lehnert S, Gillardon F, Hengerer B, Otto M. Neurochemical approaches in the laboratory diagnosis of Parkinson and Parkinson dementia syndromes: a review. CNS Neurosci Ther. (2009) 15:157–82. doi: 10.1111/j.1755-5949.2008.00064.x

 43. Kato N, Arai K, Hattori T. Study of the rostral midbrain atrophy in progressive supranuclear palsy. J Neurol Sci. (2003) 210:57–60. doi: 10.1016/s0022-510x(03)00014-5

 44. Atkinson-Clement C, Pinto S, Eusebio A, Coulon O. Diffusion tensor imaging in Parkinson's disease: review and meta-analysis. Neuroimage Clin. (2017) 16:98–110. doi: 10.1016/j.nicl.2017.07.011

 45. Berg D, Godau J, Walter U. Transcranial sonography in movement disorders. Lancet Neurol. (2008) 7:1044–55. doi: 10.1016/s1474-4422(08)70239-4

 46. Smajlovic D, Ibrahimagic O. Transcranial brain sonography in Parkinson's disease and other Parkinsonian disorders: a Hospital Study from Tuzla, Bosnia and Herzegovina. Med Arch. (2017) 71:261–64. doi: 10.5455/medarh.2017.71.261-264

 47. Uribe C, Segura B, Baggio HC, Abos A, Garcia-Diaz AI, Campabadal A, et al. Cortical atrophy patterns in early Parkinson's disease patients using hierarchical cluster analysis. Parkinsonism Relat. Disord. (2018) 50:3–9. doi: 10.1016/j.parkreldis.2018.02.006

 48. Dickson DW. Neuropathology of Parkinson disease. Parkinsonism Relat Disord. (2018) 46:S30–3. doi: 10.1016/j.parkreldis.2017.07.033

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Alster, Madetko, Koziorowski and Friedman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Progressive Supranuclear Palsy—Parkinsonism Predominant (PSP-P)—A Clinical Challenge at the Boundaries of PSP and Parkinson's Disease (PD)



		Introduction



		Clinical Examination



		Additional Examination



		Conclusion



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Neurology

Progressive Supranuclear
Palsy—Parkinsonism Predominant
(PSP-P)—A Clinical Challenge at the
Boundaries of PSP and Parkinson’s
Disease (PD)





OPS/images/fneur-11-00180-t001.jpg
Method/feature PSP-P PSP-RS PD
PIGD

MRI—Midbrain tegmentum - + -2

atrophy

MRPI 2.0 ++ 440 +

MRI—midbrain atrophy: No abnormalities, eventually: 111 PM ratio No abnormalities

* PM ratio 1 PM ratio 141 MTEGM

« MTEGM 1 MTEGM

MRI--3DT1: ‘tpons/brain ratio 111 pons/brain ratio ‘Aimost no abnormalities

* pons/brain ratio tMRPI (precedes vertical supranuclear gaze palsy) 111MRPI

* MRPI

MRI: Atrophy + Atrophy + + + Normal

scP

MRI: Mean diffusivity?, fractional anisotropy {, volume | Mean diffusivity?, fractional anisotropy |, volume § No change

mesencephalic tegmentum, Altered microstructural integrity of the Altered microstructural integrity of the

superior cerebellar peduncle, dentatorubrothalamic tract + dentatorubrothalamic tract + + +

dentate nucleus ++ +++

SCP, thalamus decussation

DT MRI Damage of white matter supratentorial tracts Damage of white matter supratentorial tracts® Changes in offactory regions and SN&

DT MRI + +++ No data available

deterioration of infratentorial
white matter and thalamic
radiations.

3TMRI

corpus callosum volumetry
DaT SCAN

lodobenzamide scan
TCS:

Hyperechogenic SN
Hyperechogenic lenticuiar
nucleus

Il ventricle

TCS

SN

Il ventricle

™S

- transcallosal inhibition
Volumetric analysis

- Cortical volume loss

Tau levels in CSF
Neuropathology

- Neuronal loss and glosis of SN
Tau pathology

Neuroflaments in CSF

Genetics

Other

*Risk factors.

CSF, cerebrospinal fuic: DaT SCAN, dopamine transporter (DAT) single photon emission computerized tomogrephy; DT MR, diffusion tensor MR]; MR, magnetic resonence imaging;

Central part 4
Midanterior part |
Striatal uptakel |
Putamen to putamen-to-caudate nucleus ratio 11

Striatal uptaket
73%
67%

86% hyperechogenic

+

Frontal pole, inferior frontal gyrus +,
Supramarginal gyrus-+,
Internal globus palidus, amygdala, thalamus+

+
87.5%

Limited
t

“MAPT H1 haplotype,

Hic subtype,

STX6

EIF2AK3

VPS35

FBXO7

EXCLUDING FACTORS: visual hallucinations, drug
induced dyskinesias, autonomic dystunction

Central part L4
Midanterior part 444

Stratal uptake 444

Putamen to putamen-to-caudate nucleus ratio 111

Striatal uptake
14%

67%

Wider

96% normal echogenicity,
wider

o

Frontal pole, nferior frontal gyrus + + +,
Supramarginal gyrus-+,
Internal globus palidus, amygdala, thalamus + ++

+
50%

disseminated
t

“MAPT H1 haplotype, H1c subtype,
ST

EIF2AK3

Central part |

Midanterior part |

Stiatal uptakel

Putamen to putamen-to-caudate
nudeus ratiot

Striatal uptakel,

90%°

Not observed f

90%¢

+

Patter specific for cinical phenotyped:

- Bilateral orbitofrontal, anterior cingulate,
and lateral and medial anterior temporal
ayi

- Bilateral occipital gyrus, cuneus, superior
parietal gyrus, and left posteentral gyrus
(more pronounced cogitive impairment)

asynucleinopathy

Vast majority

a-synuceinopathy
Normal

MRI 3D T1, T1 weighted 3-dlimensional magnetic resonance imaging; MAPI, magnetic resonance parkinsonism index 2.0; MTEGM, the length between the interpecuncular fossa and
the center of the cerebral aqueduct at the midmammillary-body level; P/M ratio, pontine to midbrain tegmental areas ratio; PD, Parkinson's disease; PIGD, Postural Instabilty Gait
Disorder; PSP-P. progressive supranuclear pelsy—parkinsonism; PSP-RS, progressive supranuclear paisy—Richardson syndrome; SCP superior cerebeliar pecuncle; SN, substantia
nigra; TCS, transcranial sonography; TMS, Trenscranial Magnetic Stimuletion.

“Kato et al. (43).

bQuattrone et al. (22).
cAgosta et al. (28).
9Atkinson-Clement et al. (44).
*Berg et al. (45).

'Smajlovic and Ibrahimagic (46).

9Uribe et al. (47).
hDickson (48).









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





