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Increased Signal in the Superior Cerebellar
Peduncle of Patients with Progressive
Supranuclear Palsy
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ABSTRACT

Objective The provisional diagnosis of progressive supranuclear palsy (PSP) depends on a combination of typical clinical fea-
tures and specific MRI findings, such as atrophy of the tegmentum in the midbrain. Atrophy of the superior cerebellar peduncle
(SCP) distinguishes PSP from other types of parkinsonism. Histological factors affect the conventional fluid-attenuated inver-
sion recovery (FLAIR) signals, such as the extent of neuronal loss and gliosis.

Methods We investigated patients with PSP to verify the percentage of patients with various PSP phenotypes presenting a

high signal intensity in the SCP. Three interviewers, who were not informed about the clinical data, visually inspected the pres-

ence or absence of a high signal intensity in the SCP on the FLAIR images. We measured the pixel value in the SCP of each pa-

tient. Clinical characteristics were evaluated using the Mann-Whitney test, followed by the  test.

Results Ten of the 51 patients with PSP showed a high signal intensity in the SCP on FLAIR MRI. Higher pixel values were

observed within the SCP of patients with a high signal intensity in the SCP than in patients without a high signal intensity (p <

0.001). The sensitivity and specificity of the high signal intensity in the SCP of patients with PSP was 19.6% and 100%, respec-

tively. This finding was more frequently observed in patients with PSP with Richardson’s syndrome (PSP-RS) (25.7%) than other

phenotypes (6.2%).

Conclusion The high signal intensity in the SCP on FLAIR MRI might be an effective diagnostic tool for PSP-RS.

Key Words  Atrophy; FLAIR; Magnetic resonance imaging; Neurodegenerative disease; Progressive supranuclear palsy;
Superior cerebellar peduncle.

Progressive supranuclear palsy (PSP) is characterized by pos-
tural instability, vertical supranuclear gaze palsy, axial rigidity,
symmetric bradykinesia, pseudobulbar palsy, and dementia.'
Recently, patients with atypical PSP have been classified ac-
cording to the clinical phenotypes of PSP* A definite diagnosis
is based on the pathological findings in the brain. However, the
provisional diagnosis depends on a combination of typical clini-
cal features and specific MRI findings. Atrophy of the tegmentum

in the midbrain, signal changes in the midbrain, and an increase
in the size of the third ventricle are well-known morphological
MRI features of PSP.

Some superior cerebellar peduncle (SCP) fibers project to
the reticular and vestibular nuclei in the brainstem, which may
contribute to impaired posture and balance.” Selective damage
to SCP that impairs the smooth pursuit movements may con-
tribute to gaze palsy in patients with PSP* SCP atrophy, which
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is based on gross pathological or MRI findings, distinguishes
PSP from Parkinson’s disease (PD) or multiple systemic atro-
phy (MSA),*¢ and the pathological microscopic changes in SCP
include gliosis and demyelination.* In addition, the integrity of
the white matter tract in the SCP on diffusion-tensor MRI cor-
relates with the score on the clinical rating scale for PSP, although
whole-brain and midbrain findings do not correlate with the
score.” Numerous MRI studies have used advanced MRI tech-
niques, such as quantitative volumetric MRI or diftusion-tensor
imaging. Conventional MRI is useful for specifically distinguish-
ing PSP from other parkinsonian syndromes, and it diagnoses
> 70% patients with PSP.* Some studies have examined the
SCP of individuals with PSP using conventional MRL’"* and a
recent meta-analysis has shown that the SCP size represents a
potential diagnostic tool for PSP.”* However, no study has eval-
uated the change in signal intensity within the SCP in patients
with PSP. In 2006, we assessed the SCP of 12 patients with clin-
ically probable PSP using conventional fluid-attenuated inver-
sion recovery (FLAIR) MRI because histological factors affect
the FLAIR signals, such as the extent of neuronal loss and glio-
sis."* High signal intensity in the SCP was evident in some pa-
tients with PSP but not in patients with PD and MSA with pre-
dominant parkinsonism, as well sex-matched and age-matched
healthy controls." The sensitivity and specificity of the high
signal intensity in the SCP of individuals with PSP were 25%
and 100%, respectively. However, this study included a small
number of patients. Thus, we subsequently examined a large
number of patients with PSP to estimate the percentage of pa-
tients in which a high signal intensity was visualized in the SCP
and to verify whether the high signal intensities are evident in
patients with each clinical phenotype of PSP.

MATERIALS & METHODS

We assessed 51 of 76 patients with suspected PSP who were
admitted to our hospital from January 2010 to August 2018.
Clinical phenotypes of PSP were classified as previously de-
scribed.>" The following clinically probable PSP phenotypes were
defined according to the Movement Disorder Society (MDS)-
PSP criteria: PSP with Richardson’s syndrome (PSP-RS), PSP
with progressive gait freezing (PSP-PGF), PSP with predomi-
nant parkinsonism (PSP-P), PSP with predominant frontal pre-
sentation (PSP-F), PSP with predominant corticobasal degen-
eration, and PSP with predominant speech/language disorders.
These patients, including patients with other clinical pheno-
types of PSP, had supranuclear vertical gaze palsy and postural
instability, and they experienced falls within 3 years after the
onset of PSP symptoms (32 patients within 1 year). We exclud-
ed patients with any of the following conditions: intracranial
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large vessel disease, multiple lacunar infarctions, or a tumor on
cranial MRI. Patients with grade 3 white matter lesions accord-
ing to the Fazekas scale'® on cranial MRI and patients with or-
thostatic hypotension, which is defined as a decrease in systolic
blood pressure > 20 mmHg or in diastolic blood pressure > 10
mmHg upon standing, were also excluded. Patients with PSP
with predominant cerebellar ataxia (PSP-C) were also included
in our study.”” Cerebellar ataxia was defined as the presence of
gait ataxia and one of the following signs: cerebellar dysarthria,
limb ataxia, or sustained gaze-evoked nystagmus.'® At least two
experienced neurologists assessed the neurological findings
from the patients.

MRI evaluation

All MRI studies were performed on a 1.5-T or 3.0-T MRI de-
vice using turbo spin-echo sequences for T2-weighted (5-mm
slice thickness, with a 1-mm interslice interval), T1-weighted (5-
mm slice thickness, with a 1-mm interslice interval), and FLAIR
images (5-mm slice thickness, with a 1-mm interslice interval).
Twenty and 31 patients with PSP underwent 3.0-T and 1.5-T
MRY, respectively. The TR and TE ranged from 4,000 to 12,000
and from 50 to 384, respectively. Three interviewers (neurolo-
gists with 18, 16, and 6 years of experience) who were not in-
formed about the clinical data visually inspected the changes
in signal intensity on the FLAIR images. The signal intensity of
the SCP was evaluated at the pontine level in SCP fibers. The
three interviewers evaluated the presence or absence of a high
signal intensity in the SCP on the FLAIR images. The presence
of a high signal intensity was confirmed only when each re-
viewer consistently confirmed a positive result during the first
evaluation. Equivocal cases in which the first judgment of all
reviewers was inconsistent were excluded. We repeatedly asked
the same reviewers to evaluate the lesions that they initially con-
sidered positive to increase the accuracy of this evaluation, and
the result was similar to the first evaluation. FLAIR imaging at
the pontine level with SCP fibers of the patients with PD was
randomized into panels of FLAIR images captured in patients
with PSP (Figure 1). We measured pixel values within the SCP
and calculated the relative signal intensity ratio using the pixel
value of the SCP divided by the pixel value of the middle part
of the pons with SCP fibers. The categories were evaluated us-
ing the Mann-Whitney U test and y” test to analyze the statisti-
cal significance of differences in the clinical characteristics or
MRI findings, such as the internal signal intensity in the SCP,
between patients with different clinical phenotypes of PSP. The
Statistical Package for the Social Sciences software (version 24
for Mac; IBM Corp., Armonk, NY, USA) was used for statisti-
cal analyses.
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Ethics statement

No investigations or interventions were performed outside
of routine clinical care for these patients. This study was ap-
proved by the Medical Ethics Committee of Nara Medical Uni-
versity (No. 2163). Written, fully informed consent was obtained
during the routine clinical care of these patients. We confirm

Figure 1. Conventional fluid-attenuated inversion recovery MRI at
the pontine level with superior cerebellar peduncle (SCP) fibers.
Patients with progressive supranuclear palsy with Richardson’s
syndrome showed high signals in the SCP on the axial view and at-
rophy of the SCP on the sagittal view (arrows) (A-C). Patients with
Parkinson’s disease (D) showed no changes in the signal and atro-
phy of the SCP.

Table 1. Baseline characteristics of patients with PSP

that we have read the Journals position on issues involved in
ethical publication and affirm that this study is consistent with
those guidelines.

RESULTS

The clinical characteristics and MRI findings of 51 patients
with PSP are summarized in Table 1 and 2, respectively. The 35
patients with PSP-RS had the most common phenotype, and 16
patients had other phenotypes, including PSP-P (n = 4), PSP-F
(n = 4), PSP-PGF (n = 2), PSP-C (n = 2), PSP with predomi-
nant corticobasal degeneration (n = 1), PSP presenting as pri-
mary lateral sclerosis (n = 2), and PSP with predominant
speech/language disorders (n = 1). The duration from disease
onset to MRI examinations in all patients was 3.5 + 2.0 years.
The disease duration in 35 patients with PSP-RS (2.9 £ 1.8 years)
was similar to patients with PSP-P (3.3 + 1.0 years, p = 0.460)
and patients with PSP-F (3.5 £ 2.3 years, p = 0.672). The dis-
ease duration in patients with PSP-RS was shorter than the 16
patients with PSP who had other phenotypes (4.2 = 2.2 years, p =
0.035). However, no significant difference was observed in terms

Other clinical

PSP-RS

(n = 35)
Age (years) (SD) 72.2 (6.2) 73.0(5.2)
Men (n, %) 35 (68.6) 22 (62.8)
Duration (SD) (years¥) 3.5(2.0) 2.9 (1.8)

Mean frequency values of
falls on PSP rating scale
(mean, median) (n)

2.92,2.97 (50)  2.79, 2.78 (34)

Dysphagia on PSP rating
scale (mean, median) (n)
MMSE (SD) (n)

0.78,0.53 (50)  0.79, 0.56 (34)

235 (4.5)(40)  23.7 (4.4) (26)

phenotypess
(n=8)
70.5(7.1) 0.238 68.5 (8.3) 70.7 (7.9) 71.5(7.0)
8 (50) 0.541 3 (60) 2 (50) 3(37.5)
4.2(2.2) 0.035* 3.3(1.0) 3.5(2.3) 5.1 (2.5)
3.19, 3.31 (16) 0.134 3.5,3.5(4) 3,3(4) 3.1,3.3(8)
0.75, 0.46 (16) 0.735 0.75,0.67 (4) 0,0 (4) 1.13,0.67 (8)
23.0 (4.8) (14) 0.754 22.5(6.1) (4) 26.3(3.0)(3) 22(4.7)(7)

*all clinical phenotypes except for PSP-RS; tcomparison of patients with PSP-RS and patients with other clinical phenotypes; #p < 0.05; SPSP with

progressive gait freezing (n = 2), PSP with predominant cerebellar ataxia (n = 2), PSP with predominant corticobasal degeneration (n =
senting as primary lateral sclerosis (n = 2), PSP with predominant speech/language disorders (n =

1), PSP pre-
1). PSP-RS: progressive supranuclear palsy (PSP)

with Richardson’s syndrome, PSP-P: PSP with predominant parkinsonism, PSP-F: PSP with predominant frontal presentation, MMSE: Mini-Mental

State Examination.

Table 2. MRI findings in patients with PSP

Others

PSP-F Other clinical

Humming bird sign 51 (100) 35 (100)
Morning glory sign 7(13.7) 7 (20)
Mickey Mouse sign 9 (20) 7 (20)
High signals on FLAIR in SCP 10 (19.6) 9(25.7)

(n=16)* p-valuet (n=4) phe(:o:;ges§
16 (100) 5 (100) 4 (100) 8 (100)
0.040* 0 0 0
2 (12.5) 0.456 1 (25) 0 1 (12.5)
1(6.2) 0.142 0 0 1(12.5)

Values are presented as n (%). *all clinical phenotypes except for PSP-RS; fcomparison of patients with PSP-RS and patients with other clinical phe-
notypes; *p < 0.05; SPSP with progressive gait freezing (n = 2), PSP with predominant cerebellar ataxia (n = 2), PSP with predominant corticobasal
degeneration (n = 1), PSP presenting as primary lateral sclerosis (n = 2), PSP with predominant speech/language disorders (n = 1). PSP-RS: pro-
gressive supranuclear palsy (PSP) with Richardson’s syndrome, PSP-P: PSP with predominant parkinsonism, PSP-F: PSP with predominant frontal
presentation, FLAIR: fluid-attenuated inversion recovery imaging, SCP: superior cerebellar peduncle.
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of age (p = 0.238) or gender (p = 0.541). All patients presented
both vertical gaze palsy and postural instability during every
consultation, and they also had a history of falls. Based on the
available clinical data, the mean frequency of falls on subitems
1-5 or dysphagia on subitems 3-13 of the PSP rating scale'
were 2.92 (median: 2.97) and 0.78 (0.53), respectively. The fre-
quency of falls in 34 patients with PSP-RS (mean: 2.79, medi-
an: 2.78, and range: 1-4) and in 16 patients with other pheno-
types (mean: 3.19, median: 3.31, and range: 1-4) did not differ
significantly (p = 0.134). Dysphagia on subitems 3-13 did not
significantly differ between patients with PSP-RS (mean: 0.79,
median: 0.56, and range: 0-4) and patients with other pheno-
types (mean: 0.75, median: 0.46, and range: 0—4; p = 0.735).
The Mini-Mental State Examination (MMSE) score of 40 pa-
tients and the Front Assessment Battery (FAB) score of 37 pa-
tients were 23.5 + 4.5 and 11.1 £ 4.1, respectively. The MMSE
scores of 26 patients with PSP-RS (23.7 £ 4.4) and 14 patients
with other phenotypes (23.0 + 4.8) did not differ significantly
(p = 0.754). Moreover, no significant difference was observed
in the FAB scores between the 24 patients with PSP-RS (medi-
an: 10.6 and range: 5-18) and the 13 patients with the other phe-
notypes (median: 9 and range: 3-18; p = 0.654). In the two pa-
tients with PSP-C, cerebellar ataxia persisted for 13-20 months,
and the two patients presented typical PSP features after the
cerebellar ataxia resolved."” All patients with PSP had midbrain
atrophy on midsagittal and axial T1-weighted and T2-weight-
ed images. All patients presented the humming bird sign on MRI.
The Mickey Mouse and morning glory signs were evident on
MRI of 9 of 45 patients (seven patients with PSP-RS, one with
PSP-P, and one with other phenotype) and seven patients with
PSP-RS, respectively.

The nine patients with PSP-RS and one patient with PSP-C
showed a high signal intensity in the SCP on FLAIR MRI (Fig-
ure 1). The results of the assessments of all reviewers revealed
10 patients with PD who did not present a high signal intensity.
The sensitivity and specificity of the high signal intensity in the
SCP of individuals with PSP were 19.6% and 100%, respective-
ly. This finding was more frequently observed in patients with
PSP-RS (9/35 patients, 25.7%) than in patients with other phe-
notypes of PSP (1/16 patients, 6.2%) (Table 2). However, this
result was not significant (p = 0.142).

The patients with PSP presenting with and without a high sig-
nal intensity in the SCP did not differ significantly in terms of
duration from the onset of disease to MRI examination (p =
0.224), age (p = 0.208), or gender (p = 0.772). Moreover, 3.0-T
and 1.5-T MRI showed a high signal intensity in the SCP of 2
(10%) of 20 patients and 8 (25.8%) of 31 patients, respectively.
However, the result was not significantly different (p = 0.280).
The TR in patients with a high signal intensity in the SCP (mean:
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8,100, median: 8,375, and range: 4,000-12,000) did not differ
from patients without a high signal intensity in the SCP (mean:
9,569, median: 9,400, and range: 4,800-12,000) (p = 0.191). No
significant difference was observed in the TE between patients
with and without a high signal intensity in the SCP (mean: 109,
median: 107, and range: 91-125; mean: 135, median: 114, and
range: 50—-384, respectively) (p = 0.216). Higher pixel values
were observed in the SCP of patients with a high signal inten-
sity in the SCP (mean: 474.4, median: 474.5, and # = 10) than in
patients without the high signal in the SCP (mean: 423.1, me-
dian: 331.0, and n = 35) (p < 0.001). Moreover, the relative sig-
nal intensity ratio between the SCP and middle part of the pons
with SCP fibers significantly differed between patients present-
ing with and without a high signal intensity (1.53 + 0.20 and
1.23 £ 0.18, respectively, p < 0.001). The width of the SCP in
patients with a high signal intensity in the SCP (1.67 £ 0.41
mm) was significantly smaller than in patients without the high
signal intensity (2.05 £ 0.40 mm) (p = 0.003). Of the patients
with a high signal intensity in the SCP, all presented the hum-
ming bird sign, one presented the morning glory sign (p = 0.506),
and two presented the Mickey Mouse sign (p = 0.655). Howev-
er, the result did not differ between patients with and without a
high signal intensity in the SCP.

DISCUSSION

The estimate of the high signal intensity in the SCP of pa-
tients with PSP on FLAIR MRI was low; however, the specific-
ity was extremely high, which is similar to the results of our pre-
vious study."* A high signal intensity in the SCP was frequently
observed in patients with PSP-RS, despite the significantly short-
er duration than patients with other clinical phenotypes of PSP.
Patients with PSP who present different clinical symptoms ex-
hibit different distributions of atrophic changes based on a
voxel-based morphometry analysis.>* Namely, typical mid-
brain atrophy on MRI is less frequently observed in patients
with PSP-P or PSP-PGE*' Atrophy in the globus pallidus and
thalamus is observed in individuals with PSP-PGE* Asymmet-
ric atrophy of the frontal lobe and cerebral peduncle with rela-
tive sparing of the midbrain is a characteristic finding of PSP-
CBS.»* Regarding SCP, the atrophy is less severe in patients
with PSP-P’ and this finding supports the less frequent obser-
vation of a high signal intensity in the SCP of individuals with
other clinical phenotypes in our study. One patient with PSP-C
presented a high signal intensity in the SCP. Structural images
of patients with pathologically proven PSP-C show no obvious
cerebellar and pontine atrophy.” However, these patients are in
the early stages of PSP Direct evidence for a correlation be-
tween atrophy of the SCP and a high signal intensity on FLAIR
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MRI was not observed in patients with PSP. In patients with
PSP presenting with an atrophied SCP, many tau-immunore-
active inclusions are observed in oligodendroglial cells through-
out the dentatorubrothalamic tract, and oligodendrocyte tauop-
athy may contribute to the primary degeneration of the SCP,
including gliosis or demyelination.* These pathological chang-
es, which may lead to SCP atrophy, may reflect FLAIR signals
in the SCP.

The present study had several limitations. First, the MRI tech-
niques were inconsistent, i.e., our study used both 1.5-T and
3.0-T MRI. Hara et al.*® reported a high signal intensity in the
SCP in 9 (45%) of 20 patients with PSP on 3.0-T axial MRI im-
aging, which is a significantly higher value than in our study.
Although a high signal intensity in the SCP on 3.0-T MRI was
also observed in 5 (20%) of 20 patients with PD and 2 of 13
(15.4%) patients with MSA-B* the estimated percentage of pa-
tients presenting a high signal intensity in the SCP in our study
will increase with the consistent use of 3.0-T MRI. Second, not
all patients were diagnosed based on biopsy results. However,
we selected patients with the typical clinical characteristics of
PSP who had supranuclear vertical gaze palsy, including a down-
ward gaze, postural instability, numerous falls, and typical mid-
brain atrophy (humming bird sign) on MRI. We assessed these
patients for several years. Our study also included patients with
PSP-C. Patients experienced persistent cerebellar ataxia for 13-
24 months. However, when the cerebellar ataxia resolved, all
patients presented typical PSP features.”” Third, this study em-
ployed a retrospective design.

In patients with PSP, the high signal intensity on FLAIR MRI
might reflect SCP atrophy, which has been reported as a useful
marker of PSP based on pathological or neuroradiological stud-
ies. Based on our findings, a high signal intensity on FLAIR MRI
might be an effective diagnostic tool for patients with PSP-RS.

Conflicts of Interest

The authors have no financial conflicts of interest.

ORCID iD

Hiroshi Kataoka https://orcid.org/0000-0002-4157-5447

REFERENCES

1. Armstrong MJ. Progressive supranuclear palsy: an update. Curr Neurol
Neurosci Rep 2018;18:12.

2. 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. Semin Neurol 2014;34:129-150.

3. Gilman S, Newman SW. Manter and Gatzs Essentials of Clinical Neuro-
anatomy and Neurophisiology. 9th ed. Philadelphia: Davis, 1996;161-
165.

4. Tsuboi Y, Slowinski J, Josephs KA, Honer WG, Wszolek ZK, Dickson
DW. Atrophy of superior cerebellar peduncle in progressive supranuclear
palsy. Neurology 2003;60:1766-1769.

170

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Sakurai K, Tokumaru AM, Shimoji K, Murayama S, Kanemaru K, Morim-

oto S, et al. Beyond the midbrain atrophy: wide spectrum of structural
MRI finding in cases of pathologically proven progressive supranuclear
palsy. Neuroradiology 2017;59:431-443.

. Nicoletti G, Caligiuri ME, Cherubini A, Morelli M, Novellino E Arabia

G, et al. A fully automated, atlas-based approach for superior cerebellar
peduncle evaluation in progressive supranuclear palsy phenotypes. AJNR
Am ] Neuroradiol 2017;38:523-530.

. Whitwell JL, Xu J, Mandrekar J, Gunter JL, Jack CR Jr, Josephs KA. Imag-

ing measures predict progression in progressive supranuclear palsy. Mov
Disord 2012;27:1801-1804.

. Massey LA, Micallef C, Paviour DC, O’Sullivan SS, Ling H, Williams

DR, et al. Conventional magnetic resonance imaging in confirmed pro-
gressive supranuclear palsy and multiple system atrophy. Mov Disord
2012;27:1754-1762.

. Longoni G, Agosta E Kosti¢ VS, Stojkovi¢ T, Pagani E, Stosi¢-Opincal T,

et al. MRI measurements of brainstem structures in patients with Rich-
ardson’s syndrome, progressive supranuclear palsy-parkinsonism, and
Parkinson’s disease. Mov Disord 2011;26:247-255.

Morelli M, Arabia G, Messina D, Vescio B, Salsone M, Chiriaco C, et al.
Effect of aging on magnetic resonance measures differentiating progres-
sive supranuclear palsy from Parkinson’s disease. Mov Disord 2014;29:
488-495.

Mostile G, Nicoletti A, Cicero CE, Cavallaro T, Bruno E, Dibilio V, et al.
Magnetic resonance parkinsonism index in progressive supranuclear
palsy and vascular parkinsonism. Neurol Sci 2016;37:591-595.

Kim BC, Choi SM, Choi KH, Nam TS, Kim JT, Lee SH, et al. MRI mea-
surements of brainstem structures in patients with vascular parkinson-
ism, progressive supranuclear palsy, and Parkinson’s disease. Neurol Sci
2017;38:627-633.

Sako W, Murakami N, Izumi Y, Kaji R. Usefulness of the superior cere-
bellar peduncle for differential diagnosis of progressive supranuclear pal-
sy: a meta-analysis. ] Neurol Sci 2017;378:153-157.

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.

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.

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal
abnormalities at 1.5 T in Alzheimer’s dementia and normal aging. AJR
Am] Roentgenol 1987;149:351-356.

Sawa N, Kataoka H, Kiriyama T, Izumi T, Taoka T, Kichikawa K, et al.
Cerebellar dentate nucleus in progressive supranuclear palsy. Clin Neurol
Neurosurg 2014;118:32-36.

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.

Golbe LI, Ohman-Strickland PA. A clinical rating scale for progressive
supranuclear palsy. Brain 2007;130(Pt 6):1552-1565.

Josephs KA, Whitwell JL, Dickson DW, Boeve BE, Knopman DS, Peters-
en RC, et al. Voxel-based morphometry in autopsy proven PSP and
CBD. Neurobiol Aging 2008;29:280-289.

Agosta E, Kosti¢ VS, Galantucci S, Mesaros S, Svetel M, Pagani E, et al.
The in vivo distribution of brain tissue loss in Richardson’s syndrome
and PSP-parkinsonism: a VBM-DARTEL study. Eur ] Neurosci 2010;32:
640-647.

Hong JY, Yun HJ, Sunwoo MK, Ham JH, Lee JM, Sohn YH, et al. Com-
parison of regional brain atrophy and cognitive impairment between
pure akinesia with gait freezing and Richardson’s syndrome. Front Aging
Neurosci 2015;7:180.

Santos-Santos MA, Mandelli ML, Binney R], Ogar ], Wilson SM, Henry
ML, et al. Features of patients with nonfluent/agrammatic primary pro-
gressive aphasia with underlying progressive supranuclear palsy patholo-
gy or corticobasal degeneration. JAMA Neurol 2016;73:733-742.



Superior Cerebellar Peduncle in PSP -
Kataoka H, et al.

24. Koyama M, Yagishita A, Nakata Y, Hayashi M, Bandoh M, Mizutani T. with cerebellar ataxia. Parkinsonism Relat Disord 2012;18:677-679.
Imaging of corticobasal degeneration syndrome. Neuroradiology 2007; 26. Hara K, Watanabe H, Ito M, Tsuboi T, Watanabe H, Nakamura R, et al.
49:905-912. Potential of a new MRI for visualizing cerebellar involvement in progres-

25. Kanazawa M, Shimohata T, Endo K, Koike R, Takahashi H, Nishizawa sive supranuclear palsy. Parkinsonism Relat Disord 2014;20:157-161.

M. A serial MRI study in a patient with progressive supranuclear palsy

www.e-jmd.org 171



