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Progressive Supranuclear Palsy with Predominant
Cerebellar Ataxia
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Progressive supranuclear palsy (PSP) is characterized by supranuclear gaze palsy, dystonic rigidity of the neck and upper trunk, fre-
quent falls and mild cognitive impairment. Cerebellar ataxia is one of the exclusion criteria given by the National Institute of Neu-
rological Disorders and Stroke and the Society for Progressive Supranuclear Palsy. As a result, pathologically proven PSP patients
exhibiting cerebellar ataxia have often been misdiagnosed with spinocerebellar degeneration, specifically multiple system atro-
phy with predominant cerebellar ataxia (MSA-C). However, more recently, it has been recognized that patients with PSP can pres-
ent with truncal and limb ataxia as their initial symptom and/or main manifestation. These patients can be classified as having
PSP with predominant cerebellar ataxia (PSP-C), a new subtype of PSP. Since the development of this classification, patients with
PSP-C have been identified primarily in Asian countries, and it has been noted that this condition is very rare in Western commu-
nities. Furthermore, the clinical features of PSP-C have been identified, enabling it to be distinguished from other subtypes of PSP
and MSA-C. In this review, we describe the clinical and neuropathological features of PSP-C. The hypothesized pathophysiology
of cerebellar ataxia in PSP-C is also discussed.
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Spinocerebellar degeneration.

In 1964, Steele et al.' defined the clinicopathological entities
of progressive supranuclear palsy (PSP). They described PSP as
a clinical disorder characterized by supranuclear gaze palsy, pseu-
dobulbar palsy, dysarthria, dystonic rigidity of the neck and up-
per trunk and mild cognitive impairment. In addition, pathologi-
cal examinations of PSP patients have revealed that subcortical
regions such as the globus pallidus, subthalamic nucleus, substan-
tia nigra, and cerebellar dentate nucleus are the most affected
in this condition. Williams et al.”* revealed that one-third of Cau-
casian patients with pathologically proven PSP develop parkin-
sonism, which is characterized by asymmetric onset, tremor,
bradykinesia, and levodopa responsiveness. On the basis of this
observation, two distinct clinical phenotypes of PSP—classic Rich-
ardson’s syndrome (PSP-RS) and PSP-parkinsonism (PSP-P)—
have been proposed. Since then, several other clinical variants of

PSP have been identified worldwide.?

Although cerebellar ataxia is one of the exclusion criteria of the
National Institute of Neurological Disorders and Stroke and the
Society for Progressive Supranuclear Palsy (NINDS-SPSP),* it has
been recognized that some patients with pathologically con-
firmed PSP present with truncal and limb ataxia as their initial
symptom and/or main manifestation (Table 1). These individ-
uals are often misdiagnosed with spinocerebellar degeneration
(SCD), notably multiple system atrophy (MSA)® and idiopathic
late onset cerebellar ataxias (ILOCAs)°® or sporadic adult onset
ataxia of unknown etiology (SAOA).” This has led to the classi-
fication of a new subtype of PSP called PSP with predominant
cerebellar ataxia (PSP-C).>® Studies into the pathology of PSP-C
patients have demonstrated more severe neuronal loss and gli-
osis, higher densities of coiled bodies in the cerebellar dentate nu-
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Table 1. Case summary of PSP with predominant cerebellar ataxia

Supra-nuclear
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Pathologically

Age 5
Sex atonset D|sea.se Symptom(s) at onset Falls
(vears) duration
F 64 Unsteady gait +*
72 4 Unsteady gait +*
M 73 Unsteady gait +*
62 5) Unsteady gait NA
F 62 NA Unsteady gait NA
F 74 NA Slurred speech +
M 66 NA Unsteady gait +
M 73 NA Balance problem, ataxic gait +
9 F 64 NA Slurred speech, unsteady gait  +
10 M 56 NA Unsteady gait S
1 F 63 NA Unsteady gait +*
12 M 56 6 Upper limb clumsiness +
13 M 58 NA Unsteady gait +
14 M 69 1" Gait disturbance, dysarthria -
15 M 59 8 Orthostatic dizziness, +
Unsteady gait
16 M 72 4 Unsteady gait S

Other clinical findings Reference
gaze palsy proven
+ +
+ Limb ataxia > truncal ataxia +
+ Alien hand phenomenon, +

asymmetric rigidity

NA +
+ Photophobia, + 17
frontal lobe dysfunction
- + 17
- Intermittent syncope, RBD + 17
- Personality change + 17
(angry and aggressive)
- Visual hallucination + 17
+ - 18
+ - 18
+ - 18
+ - 18
+ + 9
+ + 47
+ + 8

*< 2 years from onset. PSP: progressive supranuclear palsy, M: male, F: female, NA: not assessed, RBD: rapid eye movement sleep behavior disor-

der, +: present, -: absent.

cleus, and tau-positive granular profiles in Purkinje cells com-
pared to PSP-RS patients.>” These distinct features may give some
indication of the underlying pathophysiology of cerebellar atax-
ia in PSP-C.

The aim of this review is to describe the clinicopathological
characteristics of PSP-C. Furthermore, we discuss the pathophys-
iology of cerebellar ataxia and potential future investigations in
PSP-C.

PSP SUBTYPES

It is important to understand the differences among PSP sub-
types. First, we will briefly review the characteristics of PSP-RS
and other PSP subtypes, excluding PSP-C.

PSP-RS accounts for approximately 50% of PSP cases™'’ and is
thus thought to be the most common PSP subtype. PSP-RS has
established diagnostic criteria provided by NINDS-SPSP, which
describe “probable PSP” as a gradual progressive disorder with
an age at onset over 40 years, falls within the first year, and ver-
tical supranuclear gaze palsy or slowing of vertical saccades.* In
these NINDS-SPSP diagnostic criteria, cerebellar ataxia is one of
the exclusion criteria.* In contrast, in the 2017 Movement Disor-
der Society Criteria, Hoglinger et al."' suggest that prominent ap-

pendicular ataxia should be the only exclusion criterion. These
diagnostic criteria do not include PSP-C as one of the recognized
subtypes, given the rarity of this cerebellar ataxia predominant
phenotype in the Western populations and the risk of misdiag-
nosing it as multiple system atrophy with predominant cerebel-
lar ataxia (MSA-C) or ILOCAs." The prognosis of PSP-RS is
thought to be the worst among all PSP subtypes: the average dis-
ease duration is 5.9 years, and the average age at death is 72.1
years."

Patients with pathologically proven PSP have been observed
to exhibit a wide variety of clinical presentations, leading to the
subdivision of PSP phenotypes. PSP-P patients exhibit asymmet-
ric limb bradykinesia and rigidity; hence, this condition is often
misdiagnosed as idiopathic Parkinson’s disease (iPD). Although
approximately half of PSP-P cases exhibit levodopa responsive-
ness, this honeymoon period is thought to be shorter than that
of iPD. With respect to prognosis, the average survival time of
PSP-P is nine years," thus PSP-P is typically more benign than
PSP-RS." Some additional PSP subtypes exhibit prominent clin-
ical features: a freezing of gait and akinesia without axial and limb
rigidity and vertical supranuclear gaze palsy (PSP-PAGF or PSP-
PGF)" and a speech-exclusive impairment characterized by non-
fluent aphasia with anarthria/apraxia of speech (PSP-AOS or PSP
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with predominant speech/language disorder, PSP-SL).

CLINICOPATHOLOGICAL FEATURES OF
PSP-C

Epidemiology

The prevalence of PSP-C exhibits significant regional differ-
ences. Cohorts of 30 European descendants in Australia” and
100 patients in a multicenter study in Europe and Canada'® both
failed to show any PSP-C patients, though the former cohort did
include two patients presenting with cerebellar ataxia at an ad-
vanced stage. Furthermore, Koga et al.'” demonstrated only one
PSP-C patient among 100 cases of pathologically proven PSP. These
researchers also calculated the frequency of PSP-C among 1,085
patients from the Brain Bank Mayo Clinic database, showing a
low frequency of only 5 PSP-C patients (0.46%). On the other
hand, three out of 22 pathologically confirmed PSP patients were
reported as having “unclassified PSP” in a Japanese population.
These individuals presented with cerebellar ataxia as their initial
and principal manifestation, indicating a diagnosis of PSP-C.’
Moreover, Xu et al."® demonstrated four clinically suspected PSP-
C patients from China, and Iwasaki et al.’ described the clini-
copathological characteristics of a PSP-C patient from Japan. It
should also be noted that one patient exhibited truncal and limb
ataxia as their initial symptom and main manifestation, and three
of nine patients exhibited truncal and/or limb ataxia during the
disease course in the original paper first describing PSP (Table 1).!
In summary;, it seems that PSP-C may be far more common in
Asia than in Western nations, suggesting that genetic or environ-
mental factors may play some role in the development of this

phenotype.
Clinical findings

Clinical findings in PSP-C

Most patients with PSP-C present with gait disturbances asso-
ciated with truncal ataxia as their initial symptom. The mean age
at disease onset is 64.7 T 6.5 years (range = 56-73). PSP-C pre-
dominantly affects men. All PSP-C patients exhibit falls, which
occur at any stage of the disease. Some PSP-C patients may not
exhibit supranuclear gaze palsy. The average disease duration from
onset to death is estimated to be 6.0 & 2.3 years.

With regard to nonmotor symptoms (NMSs), the frequency in
each PSP subtype is not apparent. van Gerpen et al.”’ very recent-
ly reported that the prevalence of orthostatic hypotension and
rapid eye movement (REM) sleep behavior disorder (RBD) in
those with PSP (0% and 33%, respectively) was less than that in
those with Lewy body disease (75% and 90%, respectively) and
MSA (61% and 87%, respectively). As shown in Table 1, only one
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patient with PSP-C developed RBD and syncope (6%, 1/16),
which suggests that there may be no differences in the frequen-
cy of NMSs in PSP-C and classical PSP. However, further stud-
ies are necessary to determine the differences.

Cognitive impairment in PSP-C seems to be similar to that in
classical PSP. Koga et al.”” demonstrated that the prevalence of
memory cognitive complaints was not significantly different be-
tween the PSP-C group and other PSP groups. As PSP-C is a rare
condition, a detailed profile of cognitive impairment, including
frontal sign, aphasia, and personality change, has not been elu-
cidated. Nevertheless, a PSP-C patient presented with frontal
dominant cognitive dysfunction, and another PSP-C patient pre-
sented with visual hallucination (12%, 2/16; Table 1). This fre-
quency seems to be compatible with the fact that 12% (12/100)
of autopsy-proven PSP patients had developed frontal dysfunc-
tion.'¢

Clinical differential diagnosis of PSP-C

PSP-C is often misdiagnosed as MSA-C. It is therefore crucial
to understand the differences between these two diseases, par-
ticularly in their early stages.” Age at disease onset is higher in
PSP-C than in MSA. Early falling is a distinctive feature of PSP-C,
and this is uncommon in MSA. Moreover, supranuclear gaze
palsy is common in PSP-C, whereas gaze-evoked nystagmus and
abnormal eye pursuit movement are both characteristics of MSA.

As Hoglinger et al."' mentioned, it is possible for PSP-C to be
misdiagnosed as ILOCAs. However, based on the cohort study
of PSP-C and ILOCAs, some clinical features may help to dis-
tinguish between them. Supranuclear gaze palsy may be more
indicative of PSP-C because it has not been reported in either
European or Japanese cohorts.*”' In addition, the incidence of
cognitive impairment was less than 10% in ILOCASs; on the oth-
er hand, cognitive impairment has a higher prevalence in PSP-C
(25%" to 80%'7).

Regarding the radiological findings of PSP-C, no remarkable
atrophy of the cerebellum or midbrain is observed during the
very early phase of this disease.® However, the evaluation of se-
rial MRI findings in a pathologically proven PSP-C patient re-
vealed atrophy of the cerebellum and dilation of the pontocere-
bellar cistern, with no widening of the cerebellar fissures visible.*
The observed atrophy and dilation were proportional to dis-
ease progression. Therefore, these MRI findings may be char-
acteristic imaging features of PSP-C and help to differentiate be-
tween PSP-C and MSA-C or ILOCAs. Furthermore, atrophy of
the midbrain tegmentum with the “hummingbird” sign was also
observed in the advanced stage.” Longitudinally, atrophy of the
midbrain tegmentum was common in PSP-C in the advanced
stage. On the other hand, other MRI abnormalities, such as the
“hot cross bun sign,” which is a distinctive feature of MSA, are



not observed in PSP-C.

Neuropathology

In general, microscopic findings of PSP include neuronal loss,
gliosis and the presence of neurofibrillary tangles (NFTs) in the
basal ganglia and brainstem.” The most affected regions are the
globus pallidus, subthalamic nucleus and substantia nigra. The
subthalamic nucleus is thought to be particularly affected in the
early phase, which may help to distinguish PSP from iPD. In terms
of PSP-C, the fundamental pathological features are consistent
with those of PSP. However, some unique neuropathological find-
ings have been identified in PSP-C. For example, PSP patients
presenting with cerebellar ataxia tend to exhibit greater neuro-
nal loss and a higher number of tau-positive granular profiles in
Purkinje cells.” In addition, more severe degeneration of the den-
tate nucleus is observed in PSP-C than in PSP Grumose degen-
eration in the dentate nucleus, indicative of the degeneration of
terminal axons, is commonly observed.?*** However, grumose
degeneration was not observed in the severe loss of Purkinje cells.
Furthermore, Iwasaki et al.* also reported a PSP-C case with a
prominent pathological change of the olivopontocerebellar sys-
tem, including numerous glial fibrillary tangles and argyrophil-
ic threads in the cerebellar cortex, deciduous Purkinje cells and
tau-positive inclusions in the Bergmann glia and dentate nucle-
us neurons. It has therefore been described that cerebellar ef-
ferent pathways are commonly involved and suggested that these
pathological changes may be associated with the pathophysiol-
ogy of cerebellar ataxia in PSP-C. Conversely, Koga et al.”” dem-
onstrated that the severity of tau-related pathology within the
cerebellar afferent pathway (for example, the inferior olivary
nucleus) and other regions, such as the subthalamic nucleus and
globus pallidus, did not differ between PSP-C and PSP-RS.

In terms of the difference between PSP-C and spinocerebel-
lar ataxias (SCAs), SCAL11 is especially important because this
disease is caused by a tau tubulin kinase 2 (TTBK2) gene frame-
shift mutation,” and the pathological change includes cerebel-
lar atrophy with a severe loss of Purkinje cells and cerebellar
granule cells.”® Moreover, NFTs and tau-positive neurites can
be observed in the midbrain tegmentum, substantia nigra, med-
ullary tegmentum and putamen. It is notable that atrophy may
be limited to the cerebellum. In contrast, in PSP-C, there is severe
neuronal loss with gliosis in the dentate nucleus, and tau-posi-
tive granular profiles are present in the Purkinje cells; there is
no severe loss of Purkinje cells and cerebellar granule cells. The
presence of Purkinje cell and cerebellar granule cell loss might
help to distinguish PSP-C and SCA11 pathologically.

It is also worth mentioning that PSP and MSA could coexist
pathologically. Silveira-Moriyama et al.” reviewed several cases
of coexistent PSP and MSA pathology. Neuronal loss was ob-
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served in the dentate nucleus, subthalamic nucleus, putamen and
substantia nigra; however, some cases showed preserved den-
tate or subthalamic nuclei. In addition, tufted astrocytes/coiled
bodies and glial cytoplasmic inclusions (GCls) were observed si-
multaneously in these cases. The authors suggested that the co-
existence of PSP and MSA could not be incidental because the
prevalence of MSA pathology in patients with PSP (0.3% to
0.8%"") was slightly higher than that in the general population
(0.06%" to 0.4%). To explain this phenomenon, it would be bet-
ter to systematically screen the dual pathologies of PSP and MSA.

SUPPOSED PATHOPHYSIOLOGY OF
CEREBELLAR ATAXIA IN PSP-C

The pathological changes that occur in PSP-C could spread
throughout the cerebellum and involve Purkinje cells and the
dentate nucleus. In particular, cerebellar efferent pathways, in-
cluding the dentato-thalamo-cortical pathway, may be impor-
tant to the origin of cerebellar ataxia in PSP-C (Figure 1). This
potential theory is supported by the results of several clinical stud-
ies. First, the electrophysiological study of PSP patients showed
a reduction in the motor evoked potentials (MEPs) elicited by
transcranial magnetic stimulation (TMS) when they were pre-
ceded by stimulation from the cerebellum, which indicated cer-
ebellar efferent pathway dysfunction.” Second, the involvement
of the superior cerebellar peduncle (SCP), the cerebellar outflow
tracts, was suggested. Several authors have shown atrophy® and
increased fluid-attenuated inversion recovery (FLAIR) signal of
SCB* respectively. Moreover, studies using novel MRI sequences,

Cerebral
cortex

Vhalamus/x\ X
® Pocrasn

profiles in

Tau-positive granular
Purkinje cells

Cerebellum

X Neuronal loss and neurofibrillary tangles are seen in both
classical PSP and PSP-C.

X Neuronal loss and/or neurofibrillary tangles are seen particularly
in PSP-C.

% Pathological involvement is suspected in electrophysiological and
radiological studies.

Figure 1. Schematic of the pathophysiology of cerebellar ataxia in
predominant cerebellar ataxia (PSP-C). The arrows represent the
cerebellar efferent pathway. DN: dentate nucleus, SCP: superior
cerebellar peduncle, RN: red nucleus, STN: subthalamic nucleus,
GP: globus pallidus, SN: substantia nigra.
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readout segmentation of long variable echo-trains (RESOLVE)*
and diffusion tensor imaging (DTI)* demonstrated alterations
in the decussation of SCP in patients with PSP, which implied
pathological involvement of SCP in PSP. Third, given the pre-
dominant involvement of truncal ataxia rather than limb atax-
ia, the origin of cerebellar ataxia in PSP-C could be explained by
a dentate lesion similar to that seen in dentatorubral pallidoluysian
atrophy (DRPLA). This condition exhibits truncal-predominant
ataxia, and it has been shown that there is significant degenera-
tion of the dentate nucleus, without the involvement of the cer-
ebellar cortex. In addition, patients with metronidazole-induced
central nervous system toxicity exhibited marked postural in-
stability and selective dentate nucleus lesions.” It is important
to note that the deep cerebellar nuclei, including the dentate nu-
cleus, communicate with Purkinje cells and the inferior olives
and receive most of the cerebellar output information.*® For ex-
ample, Purkinje cells in the vermis are connected to the fastigial
nucleus, one of the deep cerebellar nuclei, and project bilaterally
to the reticular formation and lateral vestibular nuclei, which
form the medial reticulospinal tract and the lateral vestibulospi-
nal tract, respectively.*” Moreover, PSP-C patients sometimes re-
vealed palatal myoclonus due to the involvement of the dentate
nucleus, red nucleus, and inferior olivary nucleus (the triangle of
Guillain-Mollaret).” These pathways are thought to be important
for balance and postural control during voluntary motor tasks.
Taken together, the evidence for the relationship between cere-
bellar ataxia in PSP-C and the cerebellar efferent pathway has been
accumulating. However, most of the findings discussed above
are not specific to PSP-C, and most PSP patients without cerebel-
lar ataxia also have dentate pathological changes. Extrapyrami-
dal symptoms and signs might mask the initial cerebellar signs."®
The devices for the analysis of cerebellar function, such as stabi-
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lometry*** and TMS, may help better understand cerebellar ef-

ferent pathway dysfunction in PSP-C.

THE UNKNOWN FIELD IN PSP-C TO BE
CLARIFIED IN THE FUTURE

We demonstrated that early falls were significantly more fre-
quent in PSP-C patients than in MSA-C patients in the two years
following disease onset.”* Conversely, the presence of cerebellar
ataxia was similar in both PSP-C and MSA-C early in the disease
course. It would therefore be interesting to understand the patho-
physiology underlying these differences. Given that falls are car-
dinal features of not only PSP-C but also other PSP subtypes, it
cannot be said that falls are caused by only cerebellar ataxia,
which is characteristic for PSP-C. With respect to the backward
and unprovoked falls seen in patients with early PSP, similar falls
are recognized in patients with advanced iPD. In addition, path-
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ological involvement of the subthalamic nuclei is cardinal in
both PSP and advanced iPD. Falls are also frequently observed
in iPD patients treated with deep brain stimulation of the sub-
thalamic nuclei.*' To compare pallidal versus subthalamic deep
brain stimulation, falls are more frequent in the subthalamic group
than in the pallidal group.*** Subthalamic nuclei modulate bas-
al ganglia circuits, and beta bursts in the subthalamic nuclei may
affect motor performance.* Together, these facts lead us to con-
sider that the subthalamic nuclei might be responsible for falls.
Nevertheless, the circuit between the subthalamic nucleus and
other basal ganglia and/or brainstem nuclei, including the red
nucleus and inferior olivary nucleus, in falls and postural control
remains unclear at this point. Moving forward, electrophysiolog-
ical evaluation of the basal ganglia and/or brainstem nuclei may
help to understand the physiology of motor performance in these
aforementioned diseases.

With regard to the therapeutic intervention, PSP can be a can-
didate for disease-modifying therapies because PSP is a pure
tauopathy. Thus, it is important to accurately diagnose PSP-C in
the early phase for future investigations. Recently, Shimohata
et al.” proposed certain diagnostic criteria for PSP-C. The re-
quired indications include (A) a slowly progressive course, (B)
onset at age > 40 years, (C) supranuclear gaze palsy, (D) truncal
and limb ataxia within 2 years of symptom onset, and (E) pos-
tural instability with falls within 2 years of symptom onset. Ex-
clusion criteria include marked dysautonomia and the “hot cross
bun sign” on a brain MRI. Probable PSP-C requires A + B+ C +
D +E, and possible PSP-C requires A + B + D + E. It should be
cautioned that the criteria have some limitations. First, it is dif-
ficult to distinguish between PSP-C and ILOCAs and/or SAOA
in the very early phases of the diseases. Second, validation stud-
ies of the diagnostic criteria for PSP-C have not been conducted.
The sensitivity, specificity and accuracy of the diagnostic crite-
ria are therefore unknown. However, in a study by Koga et al.”” in
2016, according to these preliminary criteria, the symptoms of
one patient were consistent with probable PSP-C, and the symp-
toms of 3 other patients were consistent with possible PSP-C.
None of the 5 PSP-C patients had marked dysautonomia suffi-
cient to meet Gilman's criteria for a clinical diagnosis of probable
MSA,* and none had evidence of the hot cross bun sign on a
brain MRI. The preliminary criteria for PSP-C seem to fit patients
in the United States as well as those in Japan. A PSP-C patient de-
veloped orthostatic dizziness was reported, although dysauto-
nomia was not pointed out.”” Based on these considerations, it
is desirable to evaluate more PSP-C patients to determine the spe-
cific findings for PSP-C and revise the current proposed criteria.
Furthermore, studies to verify the diagnostic accuracy of PSP-C
criteria should be conducted, particularly in Asian countries,
which have a relatively high prevalence of PSP-C.



CONCLUSION

It has been recognized that patients with PSP can present with
truncal and limb ataxia as their initial symptom and/or main
manifestation. These patients can be grouped into the new clas-
sification called PSP-C. The accumulation of knowledge in PSP-
C has suggested a difference in clinicopathological features be-
tween PSP-C and MSA or SCD. Moreover, clinical diagnostic
criteria for PSP-C have been proposed. Further studies are need-
ed to establish PSP-C as one of the PSP subtypes.

Conflicts of Interest

The authors have no potential conflicts of interest.

Acknowledgments

The PSP-C phenotype has become well recognized due to efforts by Profes-
sor Shimohata (Gifu University, Japan) and helpful suggestions from Honorary
Professor Nishizawa (Niigata University, Japan). We thank Dr. Y. Toyoshima,
Dr. M. Tada, Professor A. Kakita, and Professor H. Takahashi (Niigata Univer-
sity, Japan) for their contributions. We also thank our predecessors, especially
Professor Steele, Professor Richardson, and Professor Olszewski, who provided
valuable detailed clinical records.

Author Contributions

Conceptualization: Masato Kanazawa. Data curation: Shoichiro Ando and
Masato Kanazawa. Formal analysis: Shoichiro Ando and Masato Kanazawa.
Funding acquisition: Masato Kanazawa. Investigation: Shoichiro Ando and
Masato Kanazawa. Methodology: Shoichiro Ando and Masato Kanazawa. Re-
sources: Shoichiro Ando and Masato Kanazawa. Software: Shoichiro Ando and
Masato Kanazawa. Supervision: Osamu Onodera. Validation: Masato Kanazawa.
Visualization: Shoichiro Ando. Writing-original draft: Shoichiro Ando. Writ-
ing-review & editing: Masato Kanazawa and Osamu Onodera.

ORCID iDs
Shoichiro Ando https://orcid.org/0000-0002-5852-9893
Masato Kanazawa  https://orcid.org/0000-0001-6337-8156
Osamu Onodera  https://orcid.org/0000-0003-3354-5472
REFERENCES

—

. Steele JC, Richardson JC, Olszewski J. Progressive supranuclear palsy. A
heterogeneous degeneration involving the brain stem basal ganglia and
cerebellum with vertical gaze and pseudobulbar palsy, nuchal dystonia
and dementia. Arch Neurol 1964;10:333-359.

2. Williams DR, de Silva R, Paviour DC, Pittman A, Watt HC, Kilford L, et
al. Characteristics of two distinct clinical phenotypes in pathologically
proven progressive supranuclear palsy: Richardson’s syndrome and PSP-
parkinsonism. Brain 2005;128(Pt 6):1247-1258.

3. Boxer AL, Yu JT, Golbe LI, Litvan I, Lang AE, Hoglinger GU. Advances
in progressive supranuclear palsy: new diagnostic criteria, biomarkers,
and therapeutic approaches. Lancet Neurol 2017;16:552-563.

4. Litvan I, Agid Y, Calne D, Campbell G, Dubois B, Duvoisin RC, et al.
Clinical research criteria for the diagnosis of progressive supranuclear
palsy (Steele-Richardson-Olszewski syndrome): report of the NINDS-
SPSP international workshop. Neurology 1996;47:1-9.

5. Kanazawa M, Shimohata T, Toyoshima Y, Tada M, Kakita A, Morita T, et
al. Cerebellar involvement in progressive supranuclear palsy: a clinico-
pathological study. Mov Disord 2009;24:1312-1318.

6. Harding AE. “Idiopathic” late onset cerebellar ataxia. A clinical and ge-
netic study of 36 cases. ] Neurol Sci 1981;51:259-271.

7. Abele M, Minnerop M, Urbach H, Specht K, Klockgether T. Sporadic

o]

°

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Review of PSP-C
Ando S, et al.

adult onset ataxia of unknown etiology: a clinical, electrophysiological
and imaging study. ] Neurol 2007;254:1384-1389.

. Kanazawa M, Shimohata T, Endo K, Koike R, Takahashi H, Nishizawa

M. A serial MRI study in a patient with progressive supranuclear palsy
with cerebellar ataxia. Parkinsonism Relat Disord 2012;18:677-679.
Iwasaki Y, Mori K, Ito M, Tatsumi S, Mimuro M, Yoshida M. An autopsied
case of progressive supranuclear palsy presenting with cerebellar ataxia
and severe cerebellar involvement. Neuropathology 2013;33:561-567.
Williams DR, Lees AJ. Progressive supranuclear palsy: clinicopathologi-
cal concepts and diagnostic challenges. Lancet Neurol 2009;8:270-279.
Hoglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, Lang
AE, et al. Clinical diagnosis of progressive supranuclear palsy: the move-
ment disorder society criteria. Mov Disord 2017;32:853-864.

Lopez G, Bayulkem K, Hallett M. Progressive supranuclear palsy (PSP):
Richardson syndrome and other PSP variants. Acta Neurol Scand 2016;
134:242-249.

Williams DR, Holton JL, Strand K, Revesz T, Lees AJ. Pure akinesia with
gait freezing: a third clinical phenotype of progressive supranuclear palsy.
Mov Disord 2007;22:2235-2241.

Josephs KA, Duffy JR. Apraxia of speech and nonfluent aphasia: a new
clinical marker for corticobasal degeneration and progressive supranu-
clear palsy. Curr Opin Neurol 2008;21:688-692.

Jellinger K. Cerebellar involvement in progressive supranuclear palsy.
Mov Disord 2010;25:1104-1105.

Respondek G, Stamelou M, Kurz C, Ferguson LW, Rajput A, Chiu WZ,
et al. The phenotypic spectrum of progressive supranuclear palsy: a ret-
rospective multicenter study of 100 definite cases. Mov Disord 2014;29:
1758-1766.

Koga S, Josephs KA, Ogaki K, Labbé C, Uitti RJ, Graff-Radford N, et al.
Cerebellar ataxia in progressive supranuclear palsy: an autopsy study of
PSP-C. Mov Disord 2016;31:653-662.

Xu Z, Lim TCC, Au WL, Tan LCS. Progressive supranuclear gaze palsy
with predominant cerebellar ataxia: a case series with videos. ] Mov Dis-
ord 2017;10:87-91.

van Gerpen JA, Al-Shaikh RH, Tipton PW, Wszolek ZK, Uitti R, Fer-
man TJ, et al. Progressive supranuclear palsy is not associated with neu-
rogenic orthostatic hypotension. Neurology 2019;93:¢1339-e1347.
Kanazawa M, Tada M, Onodera O, Takahashi H, Nishizawa M, Shimo-
hata T. Early clinical features of patients with progressive supranuclear
palsy with predominant cerebellar ataxia. Parkinsonism Relat Disord
2013;19:1149-1151.

Yoshida K, Kuwabara S, Nakamura K, Abe R, Matsushima A, Beppu M,
et al. Idiopathic cerebellar ataxia (IDCA): diagnostic criteria and clinical
analyses of 63 Japanese patients. ] Neurol Sci 2018;384:30-35.

Shimohata T, Kanazawa M, Yoshida M, Saito Y, Iwai K, Yasuda T, et al.
Clinical and imaging findings of progressive supranuclear palsy with
predominant cerebellar ataxia. Mov Disord 2016;31:760-762.

Dickson DW, Rademakers R, Hutton ML. Progressive supranuclear pal-
sy: pathology and genetics. Brain Pathol 2007;17:74-82.

Ishizawa K, Lin WL, Tiseo P, Honer WG, Davies P, Dickson DW. A qual-
itative and quantitative study of grumose degeneration in progressive su-
pranuclear palsy. ] Neuropathol Exp Neurol 2000;59:513-524.

Mizusawa H, Yen SH, Hirano A, Llena JE Pathology of the dentate nu-
cleus in progressive supranuclear palsy: a histological, immunohisto-
chemical and ultrastructural study. Acta Neuropathol 1989;78:419-428.
Iwasaki Y, Mori K, Ito M, Mimuro M, Yoshida M. An autopsied case of
progressive supranuclear palsy, initially diagnosed as spinocerebellar de-
generation with severe olivopontocerebellar involvement. Rinsho
Shinkeigaku 2011;51:756-760.

Houlden H, Johnson J, Gardner-Thorpe C, Lashley T, Hernandez D,
Worth P, et al. Mutations in TTBK2, encoding a kinase implicated in tau
phosphorylation, segregate with spinocerebellar ataxia type 11. Nat Gen-
et 2007;39:1434-1436.

Durr A. Autosomal dominant cerebellar ataxias: polyglutamine expan-
sions and beyond. Lancet Neurol 2010;9:885-894.

www.e-md.org 25



JMD

J Mov Disord 2020;13(1

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

26

):20-26

Silveira-Moriyama L, Gonzalez AM, O’Sullivan SS, Williams DR, Massey
L, Parkkinen L, et al. Concomitant progressive supranuclear palsy and
multiple system atrophy: more than a simple twist of fate? Neurosci Lett
2009;467:208-211.

Uchikado H, DelleDonne A, Uitti R, Dickson DW. Coexistence of PSP
and MSA: a case report and review of the literature. Acta Neuropathol
2006;111:186-192.

Parkkinen L, Hartikainen P, Alafuzoff I. Abundant glial alpha-synuclein
pathology in a case without overt clinical symptoms. Clin Neuropathol
2007;26:276-283.

Fujishiro H, Ahn TB, Frigerio R, DelleDonne A, Josephs KA, Parisi JE, et
al. Glial cytoplasmic inclusions in neurologically normal elderly: prodro-
mal multiple system atrophy? Acta Neuropathol 2008;116:269-275.
Shirota Y, Hamada M, Hanajima R, Terao Y, Matsumoto H, Ohminami S,
et al. Cerebellar dysfunction in progressive supranuclear palsy: a tran-
scranial magnetic stimulation study. Mov Disord 2010;25:2413-2419.
Kataoka H, Tonomura Y, Taoka T, Ueno S. Signal changes of superior
cerebellar peduncle on fluid-attenuated inversion recovery in progressive
supranuclear palsy. Parkinsonism Relat Disord 2008;14:63-65.

Hara K, Watanabe H, Ito M, Tsuboi T, Watanabe H, Nakamura R, et al.
Potential of a new MRI for visualizing cerebellar involvement in progres-
sive supranuclear palsy. Parkinsonism Relat Disord 2014;20:157-161.
Blain CR, Barker GJ, Jarosz JM, Coyle NA, Landau S, Brown RG, et al.
Measuring brain stem and cerebellar damage in parkinsonian syndromes
using diffusion tensor MRI. Neurology 2006;67:2199-2205.

Graves TD, Condon M, Loucaidou M, Perry R]. Reversible metronida-
zole-induced cerebellar toxicity in a multiple transplant recipient. ] Neu-
rol Sci 2009;285:238-240.

Tada M, Nishizawa M, Onodera O. Redefining cerebellar ataxia in de-
generative ataxias: lessons from recent research on cerebellar systems. J

39.

40.

41.

42.

43.

45.

46.

47.

Neurol Neurosurg Psychiatry 2015;86:922-928.

D’Angelo E, Casali S. Seeking a unified framework for cerebellar function
and dysfunction: from circuit operations to cognition. Front Neural Cir-
cuits 2013;6:116.

Yabe I, Sasaki H, Yamashita I, Takei A, Tashiro K. Clinical trial of acet-
azolamide in SCA6, with assessment using the Ataxia Rating Scale and
body stabilometry. Acta Neurol Scand 2001;104:44-47.

Nilsson MH, Rehncrona S, Jarnlo GB. Fear of falling and falls in people
with Parkinson’s disease treated with deep brain stimulation in the sub-
thalamic nuclei. Acta Neurol Scand 2011;123:424-429.

Follett KA, Weaver FM, Stern M, Hur K, Harris CL, Luo P, et al. Pallidal
versus subthalamic deep-brain stimulation for Parkinson’s disease. N
Engl ] Med 2010;362:2077-2091.

St George RJ, Carlson-Kuhta P, King LA, Burchiel K], Horak FB. Com-
pensatory stepping in Parkinson’s disease is still a problem after deep
brain stimulation randomized to STN or GPi. ] Neurophysiol 2015;114:
1417-1423.

. Torrecillos E, Tinkhauser G, Fischer P, Green AL, Aziz TZ, Foltynie T, et

al. Modulation of beta bursts in the subthalamic nucleus predicts motor
performance. ] Neurosci 2018;38:8905-8917.

Shimohata T, Kanazawa M, Takahashi H, Nishizawa M. Clinicopatho-
logical features and diagnostic criteria for progressive supranulear palsy
with predominant cerebellar ataxia [abstract]. Mov Disord 2015;30 Suppl
1:847.

Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Trojanowski
JQ, et al. Second consensus statement on the diagnosis of multiple sys-
tem atrophy. Neurology 2008;71:670-676.

Lee MJ, Lee JH, Kim BK, Lee JH, Lee YM, Kim §J, et al. An autopsy con-
firmed case of progressive supranuclear palsy with predominant cerebel-
lar ataxia. ] Neurol 2016;263:2540-2543.



