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Abstract

Purpose Corticobasal syndrome (CBS) and Parkinson’s disease (PD) both present with asymmetrical extrapyramidal symp-
toms, often leading to a diagnostic dilemma. Patients with CBS frequently show cerebral blood flow (CBF) asymmetry
alongside asymmetrical cortical atrophy. This study aimed to evaluate the clinical utility of arterial spin labeling (ASL)
magnetic resonance imaging (MRI) to detect CBF asymmetry in patients with CBS.

Methods We retrospectively investigated asymmetries of regional CBF and cortical volume, measured using ASL and
T1-weighted MRI, in 13 patients with CBS and 22 age-matched patients with PD. Regional CBF and cortical volume values
were derived from nine brain regions on each side. CBF and volume asymmetries were calculated as %difference in each
region, respectively.

Results CBF asymmetry showed significantly greater differences in seven of nine regions, such as the perirolandic area
(—8.7% vs.—1.4%, p <0.001) and parietal cortex (—9.7% vs. —1.3%, p <0.001) in patients with CBS compared with patients
with PD. In contrast, significant differences in volume asymmetry were observed in three regions included within the seven
regions showing CBF asymmetry, which indicated that CBF asymmetry has greater sensitivity than volume asymmetry to
detect asymmetricity in CBS.

Conclusion ASL imaging showed significant CBF asymmetry in a wider range of brain regions in patients with CBS, which
suggests that noninvasive MRI with ASL imaging is a promising tool for the diagnosis of CBS, with advantages that include
the simultaneous evaluation of asymmetrical hypoperfusion in addition to focal atrophy.
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PD, the involvement of genetic and environmental factors
has been assumed in PD [6], which may be extrapolated to
CBS. Because of asymmetrical extrapyramidal symptoms
observed in both CBS and PD, it is sometimes challenging
to distinguish between these diseases, especially in the early
disease phase.

Along with clinical findings, asymmetrical morphological
changes (i.e., atrophy) on brain magnetic resonance imag-
ing (MRI) aids in the diagnosis of CBS. Brain MRI usually
shows asymmetrical partial atrophy in the hemisphere con-
tralateral to the more clinically affected side in patients with
CBS [7-9]; however, assessment of asymmetrical atrophy is
occasionally inconsistent. Single-photon emission computed
tomography (SPECT) using perfusion imaging radioligands,
such as N-isopropyl-('?’I)-p-iodoamphetamine (!**I-IMP)
and *™Tc-hexamethylpropyleneamine oxime (°*™Tc-
HMPAO), and positron emission tomography (PET) with
¥F_fluorodeoxyglucose (!*F-FDG), has shown an asym-
metrical decrease in the cerebral blood flow (CBF) [9-13] or
glucose metabolism [9, 14—16] in patients with CBS. Since
these asymmetrical findings are unique to CBS [9, 12, 13,
17, 18], simultaneous imaging evaluation of regional CBF
asymmetry in addition to asymmetrical atrophy could be
useful in diagnosing CBS, especially when differentially
diagnosing CBS from PD. However, the application of
radionuclide imaging has many limitations in clinical set-
tings, such as the need for a radiopharmaceutical injection,
radiation exposure, and the relatively higher cost and longer
scan time.

Arterial spin labeling (ASL) imaging is a brain MRI
sequence that produces perfusion images noninvasively
through using magnetically labeled endogenous blood, via
a simple subtraction of labeled and control images [19, 20].
This imaging procedure enables simultaneous acquisition
of morphological and perfusion images in a single MR scan

and has many advantages, such as its short scanning time
(<5 min) and no requirement for contrast media or radioli-
gand injection. ASL imaging has been widely used to assess
brain hemodynamic changes in cerebrovascular diseases
and various neurodegenerative disorders such as PD [21],
spinocerebellar degeneration [22], and mitochondrial dis-
ease [23]. While one case report showed an asymmetrical
regional reduction in CBF corresponding to partial cortical
atrophy on brain MRI with ASL imaging in a patient with
CBD [24], whether ASL imaging can be used to identify the
asymmetricity of cerebral perfusion in patients with CBS
remains unknown.

To evaluate the clinical utility of ASL imaging to detect
CBF asymmetry in patients with CBS, we retrospectively
investigated asymmetries of regional CBF and cortical vol-
ume measured using noninvasive MRI with ASL imaging
in patients with CBS and compared the results with those in
patients with PD.

Materials and methods
Patients

From June 2012 to June 2020, 13 consecutive patients with
CBS (seven men and six women), aged 71.2 + 8.4 years at
the time of the MRI scan, who fulfilled the revised Cam-
bridge criteria [4] were studied using brain MRI including
ASL imaging, at the University of Fukui Hospital (Table 1).
All patients with CBS presented with at least one of the
following neurological manifestations: akinesia (observed
in 100% of the patients), rigidity (92%), and apraxia (85%).
Six (46%) patients had right-sided dominant symptoms. The
mean Hoehn-Yahr stage was 1.6 +0.7, and the mean dis-
ease duration was 3.3 +£2.9 years. Eight (62%) patients were

Table 1 Demographic and

o o Patient group CBS PD p value

clinical characteristics of

patients with CBS and patients N 13 22

with PD Age (mean +SD) 712484 69.049.0 0.51
Sex (male/female) 716 11/11 1.00
Disease duration in years (mean+ SD) 33+29 3.0+24 0.69
Dominancy of the symptoms (right/left) 6/7 13/9 0.50
Hoehn-Yahr stage 1.6+0.7 1.6+0.8 0.75
(mean + SD)
Akinesia 13 (100%) 19 (86%) 0.27
Rigidity 12 (92%) 18 (82%) 0.63
Apraxia 11 (85%) 0 (0%) <0.01
LEDD (mg) 223.1+236.0 103.4+181.3 0.16
PLD (1.55s/2.0s) 4/9 6/16 0.86

CBS, corticobasal syndrome; LEDD, levodopa equivalent daily dose; N, number of patients; PD, Parkin-
son’s disease; PLD, post-labeling delay acquisitions for arterial spin labeling imaging; SD, standard devia-

tion

@ Springer



Neuroradiology (2022) 64:1829-1837

1831

being treated with antiparkinsonian therapy at the time of
the MRI scan, and the mean levodopa equivalent daily dose
(LEDD) was 223.1 +236.0 mg, calculated based on a review
[25] (Supplementary Table 1).

We set up patients with PD as a control group since PD
also presents with asymmetrical extrapyramidal symptoms
similar to CBS, which often leads to misdiagnosis. Brain
MRI data including ASL imaging obtained during the same
period were leveraged in 22 age-matched patients with PD
(11 men and 11 women; aged 69.0 +9.0 years at the time of
the MRI scan), who fulfilled the UK brain bank criteria for a
prospective diagnosis of PD [26] as a control (Table 1). Thir-
teen (59%) patients showed right-sided dominant symptoms.
The mean Hoehn-Yahr stage was 1.6+ 0.8, and the mean dis-
ease duration was 3.0 +2.4 years. Ten (45%) patients were
being treated with antiparkinsonian therapy at the time of
the MRI scan, and the mean LEDD was 103.4+181.3 mg
(Supplementary Table 2).

No patients showed obvious stenosis or occlusion in the
cerebral and carotid arteries on MR angiography. No promi-
nent lesions, such as infarction, bleeding, or tumor, were
observed on diffusion-weighted and fluid-attenuated inver-
sion recovery (FLAIR) images. This retrospective case—con-
trol study was approved by the Research Ethics Committee
of the University of Fukui (20,170,130) with a waiver of the
need for the patients’ informed consent.

Brain MRI

Brain MRI including T1-weighted and ASL perfusion
sequences was performed using a 3 T-MR clinical scan-
ner (Discovery MR750 3.0 T, GE Healthcare, Milwau-
kee, WI, USA) as a routine clinical scan. A high-resolu-
tion three-dimensional T1-weighted anatomical image
was acquired using the following parameters: repeti-
tion time (TR)=7.2 ms; echo time (TE)=2.2 ms; inver-
sion time (TT)=700 ms; flip angle =10; field-of-view
(FOV) =240 mm; 512 %512 matrix; 224 slices; and voxel
dimension =0.47 x0.47 x 0.7 mm°.

To obtain a quantitative CBF image, a pseudo-continuous
ASL scheme was employed [27]. A three-dimensional spi-
ral fast spin-echo (FSE) sequence with background suppres-
sion covering the entire brain was obtained. The acquisi-
tion parameters were as follows: 7 arms with 512 points in
each spiral arm, phase encoding in the z-direction = 34-40,
section thickness =4 mm, repetition time (TR)=6 s, post-
labeling delay (PLD)=1.5 or 2.0 s, image reconstruction
matrix = 128 X 128, and number of excitations (NEX) =3,
as previously described [22, 23]. The numbers of patients
who underwent ASL imaging with a PLD of 1.5 s comprised
4 (31%) and 6 (27%) in the CBS and PD groups, respec-
tively (Table 1). To create a CBF image, an approximate
proton density-weighted image was obtained using the same

acquisition parameters, with the exception of labeling at
TR =2 s and no background suppression. The T1 of arterial
blood water and the blood/brain partition coefficient for the
whole brain average were set to 1.6 s and 0.9, respectively.

Image processing

We performed image analysis using the PMOD software
(version 3.6; PMOD Technologies Ltd., Zurich, Switzer-
land). The CBF image was co-registered to each patient’s
T1-weighted image. To create an individual anatomical
parcellation of volumes of interest (VOIs), the N30R83
maximum probability atlas was adjusted to the T1-weighted
image with a spatial normalization procedure using the
PMOD software [28, 29]. A total of 86 regions were iden-
tified and converted to VOIs. To obtain a simplified VOI,
we merged related VOIs into the following nine VOIs on
each side (i.e., right and left): superior frontal, inferior fron-
tal, perirolandic, medial temporal, temporal, parietal, and
occipital cortices; lentiform nucleus; and cerebellar cortex
(Fig. 1C). Regional CBF and cortical volume values were
obtained by applying the VOISs to the CBF and TI-weighted
images, respectively.

To compare CBF and cortical volume in nine brain
regions between patients with CBS and patients with PD, we
employed two analytical methods: (i) regional asymmetry
and (ii) regional decrease. To evaluate the regional asym-
metries of CBF and cortical volume, we defined the cerebral
and cerebellar hemisphere contralateral to the more clini-
cally affected side as the target hemisphere (TH), and the
other hemisphere (i.e., the hemisphere ipsilateral to the more
clinically affected side) as the rest hemisphere (RH). The
asymmetries of CBF and volume values in each region were
respectively calculated as %difference using the following
equation: (TH—RH) / RHX 100 (%). The raw values of CBF
and volume derived from ASL and T1-weighted images were
assigned in this equation. Separately, to assess the regional
decreases in CBF and cortical volume, the regional raw val-
ues of CBF and volume were respectively normalized using
the whole gray matter values in each patient. The normal-
ized (i.e., percent to the whole gray matter values) CBF and
volume values in each region belonging to the hemisphere
contralateral to the more clinically affected side as the target
hemisphere were calculated.

Statistical analysis

Data are presented as mean + standard deviation (SD). All
statistical analyses were performed using SPSS statistics
(version 23; IBM Corporation, Armonk, NY, USA) and
R software (version 4.1.2; http://www.R-project.org), and
p <0.05 was considered statistically significant. Group dif-
ferences were assessed using a two-tailed Mann—Whitney
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U test. The Benjamini—Hochberg false discovery rate with
a threshold p value of 0.05 was used to correct for region-
wise multiple comparisons. Receiver operating characteristic
(ROC) curves were plotted for each modality (i.e., CBF and
volume) in each region to calculate the area under the curve
(AUC) in distinguishing patients with CBS from patients
with PD. DeLong’s test was employed to compare the ROC
curves.

Results
Patient characteristics

No significant differences were found in terms of age, sex,
disease duration, Hoehn-Yahr stage, and LEDD distribution
between patients with CBS and those with PD (Table 1).
Apraxia was more frequently observed in patients with CBS
(»<0.01), whereas most patients in both groups presented
with akinesia and rigidity.

Representative cases

Figure 1 shows CBF images derived from ASL imaging and
T1-weighted images of representative patients with CBS or
PD.

Figure 1A shows brain MRI of the patient with CBS
(Case 7, 72-year-old man) who had gradually developed
akinesia of the left limbs and gait disturbance over a 3-year
period. T1-weighted and CBF images showed asymmetrical
atrophy and reduced CBF in the right frontoparietal cortex
including the perirolandic area. CBF images also showed
asymmetrical hypoperfusion in the right lentiform nucleus
and the left cerebellum, although T1-weighted images
showed no obvious atrophy in these regions. Cerebellar
hypoperfusion may have been attributed to the crossed cer-
ebellar diaschisis.

Figure 1B shows brain MRI of the patient with CBS (Case
5, 70-year-old man) who presented with a 3-year history
of cheirospasm and dystonia of the right arm. T1-weighted
images showed no obvious atrophy; however, CBF images
showed asymmetrical hypoperfusion in the left superior
frontal cortex and right cerebellum.

Figure 1C shows brain MRI of the patient with PD (Case
9, a 68-year-old woman) who presented with a 1-year history
of right arm rigidity. Both CBF and T1-weighted images
showed no obvious asymmetries.

In summary, CBF images showed asymmetrical hypop-
erfusion in the cortex as well as the contralateral cerebellum
in patients with CBS (Fig. 1A, B). Asymmetrical decreased
CBF was more distinct than cortical atrophy as observed
on Tl-weighted images, which suggests that cerebral

@ Springer

Fig. 1 Representative images of the cerebral blood flow (CBF) maps
derived from arterial spin labeling (ASL) imaging with T1-weighted
images (T1WIs) in patients with corticobasal syndrome (CBS) and
in a patient with Parkinson’s disease (PD) A The patient with CBS
(Case 7) showed asymmetrical atrophy and reduced CBF in the right
frontoparietal cortex including the perirolandic area (arrows). Asym-
metrical hypoperfusion was also observed in the right lentiform
nucleus (circle) and the left cerebellum (arrowhead). B The patient
with CBS (Case 5) showed asymmetrical hypoperfusion in the left
superior frontal cortex (arrow) and right cerebellum (arrowhead).
No obvious atrophy was observed in TIWIs. C The patient with PD
(Case 9) showed no obvious asymmetries in both CBF and T1WIs.
The color regions on the T1WIs show the volumes of interest: supe-
rior frontal (red), inferior frontal (not shown), perirolandic (orange),
medial temporal (yellow), temporal (yellow-green), parietal (green),
and occipital cortices (light blue); lentiform nucleus (blue) and cere-
bellar cortex (violet). The color bars indicate the range of CBF values
(ml/100 mg/min).

hypoperfusion tends to be more extensively observed com-
pared with cortical atrophy in patients with CBS. In con-
trast, both CBF and T1-weighted images showed no obvious
asymmetries in a patient with PD (Fig. 1C).
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Analyses of regional asymmetries of CBF
and cortical volume

In the regional asymmetricity evaluation, CBF asymmetry
(%difference) differed significantly between patients with
CBS and those with PD in the following seven of nine brain
regions: perirolandic area (—8.7% vs.—1.4%, p<0.001),
parietal cortex (—9.7% vs.—1.3%, p <0.001), occipital
cortex (—7.7% vs. 0.7%, p < 0.005), cerebellar cortex (7.1%
vs. —0.5%, p <0.005), superior frontal cortex (—6.6%
vs.—1.0%, p <0.005), temporal cortex (—6.6% vs.—1.3%,
p<0.01), and lentiform nucleus (—5.1% vs. 0.7%, p <0.05)
(Fig. 2A). These findings showed asymmetrical hypoper-
fusion in these regions belonging to the hemisphere con-
tralateral to the more clinically affected side except for the
cerebellar cortex in patients with CBS. Interestingly, the
cerebellar cortex showed a relative increase in CBF in the
hemisphere contralateral to the more clinically affected side
(Fig. 2A). This finding indicates a relative decrease in CBF
in the cerebellar cortex ipsilateral to the affected side, which
was probably caused by crossed cerebellar diaschisis.
Significant differences in cortical volume asymme-
try (%difference) between patients with CBS and patients
with PD were observed in the following three of nine brain
regions: parietal cortex (—8.3% vs.—1.1%, p<0.001), supe-
rior frontal cortex (—8.0% vs.—0.5%, p <0.001), and periro-
landic area (— 11.2% vs.—0.2%, p <0.001) (Fig. 2B), which
indicated asymmetrical atrophy in these regions belonging to
the hemisphere contralateral to the more clinically affected
side in patients with CBS. These three regions were included
within the regions showing significant CBF asymmetry.
The present study included two different post-labeling
delay acquisitions, namely, 1.5 and 2.0 s for ASL imaging.
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Fig.2 Comparisons of cerebral blood flow (CBF) asymmetry and
cortical volume asymmetry between patients with corticobasal syn-
drome (CBS) and patients with Parkinson’s disease (PD) A CBF
asymmetry (%difference) showed significant differences in seven of
nine regions: superior frontal, perirolandic, temporal, parietal, and

There was no significant difference (p =0.75) in the mean
CBF asymmetry values of the nine brain regions between
patients with CBS in the 1.5 s group N =4,—-4.0+4.1%)
and those in the 2.0 s group (N=9,—4.5+3.4%), which
was comparable to the volume asymmetry in these patients
(—4.2+2.0% vs.—4.9+5.1%, p=0.75).

ROC analysis of asymmetries in CBF and cortical
volume

We further performed ROC analysis to distinguish the CBS
group from the PD group for each of seven regions that
showed a significant difference between patients with CBS
and those with PD either in terms of CBF asymmetry or
in cortical volume asymmetry (Fig. 3). The AUCs of CBF
asymmetry showed good accuracy (AUC>0.7) in all seven
regions. In contrast, the AUCs of volume asymmetry showed
good accuracy in only three regions. Although no significant
differences in AUCs between CBF and volume asymmetries
were observed in the seven regions, the AUCs of CBF asym-
metry were greater than those of volume asymmetry in five
regions.

Analyses of regional decreases in normalized CBF
and cortical volume

To evaluate regional decreases in CBF and cortical volume,
we compared the normalized CBF or cortical volume in nine
brain regions belonging to the hemisphere contralateral to
the more clinically affected side between patients with CBS
and those with PD. The normalized CBF was significantly
lower in the following two regions: perirolandic area (98.4%
vs. 105.5%, p <0.001) and parietal cortex (91.1% vs. 99.7%,

= Patients with CBS (n = 13)
= Patients with PD (n = 22)
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occipital cortices; lentiform nucleus; and cerebellar cortex. B Vol-
ume asymmetry (%difference) showed significant differences in three
of nine regions: superior frontal, perirolandic, and parietal cortices.p
values: a<0.001, b<0.005, ¢<0.01, d<0.05
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Fig.3 Receiver operating characteristic (ROC) analysis to discrimi-
nate between patients with corticobasal syndrome (CBS) and patients
with Parkinson’s disease (PD) in terms of cerebral blood flow (CBF)
asymmetry and cortical volume asymmetry ROC analysis was per-
formed in seven regions that showed significant differences between
patients with CBS and those with PD either in terms of CBF asym-

p<0.005) (Fig. 4A), whereas the normalized cortical vol-
ume was lower in the perirolandic area only (2.4% vs. 2.7%,
p <0.005) in patients with CBS compared with patients with
PD (Fig. 4B).

ROC analysis to distinguish CBS from PD showed good
accuracy (AUC>0.7) in these two regions (perirolandic and
parietal cortices) for both analyses for the normalized CBF
and volume (Fig. 4C). No significant differences in the AUC
s between normalized CBF and volume were observed; how-
ever, the AUCs of the normalized CBF were greater than the
normalized volume in both regions.

Discussion

In this study, we found significant CBF asymmetry in
patients with CBS compared with patients with PD using
ASL imaging. CBF asymmetries were observed in a wider
range of brain regions than cortical volume asymmetries
in patients with CBS. In addition, ROC analyses indicated
that the numbers of brain regions showing good accuracy in
regional asymmetries of CBF and volume (seven and three
regions, respectively) were greater than the numbers show-
ing regional decreases in the normalized CBF and volume
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metry or volume asymmetry. CBF asymmetry (red lines) showed
good accuracy (area under the curve [AUC]>0.7) in all seven
regions, whereas volume asymmetry (blue lines) showed good accu-
racy in three regions. The AUCs of CBF asymmetry were greater than
the volume asymmetry in five of the seven regions, although no sig-
nificant differences were observed.

(two regions for both), which suggests that focusing on
regional asymmetry rather than regional decrease is more
effective in distinguishing between CBS and PD. Detection
of asymmetrical hypoperfusion, in addition to focal atrophy,
using MRI with ASL imaging has a powerful potential to aid
in the diagnosis of CBS.

Similar to this study using ASL imaging, several studies
with perfusion SPECT showed asymmetrical CBF reduc-
tion mainly in the frontal and parietal cortices and basal
ganglia in patients with CBS or CBD compared with healthy
controls [9, 12, 13, 17], patients with Alzheimer’s disease
[13], or patients with PD [17]. In addition, '®F-FDG PET
studies reported a significant asymmetrical uptake in the
basal ganglia in patients with CBS compared with healthy
controls [9, 14]. In the present study, significantly greater
CBF asymmetries were observed in extensive cerebral cor-
tices (perirolandic, frontal, parietal, temporal, and occipital
cortices) as well as in the lentiform nucleus and cerebellar
cortex in patients with CBS than in patients with PD on ASL
imaging (Fig. 2A). The brain regions showing significant
CBF asymmetry in this study were wider than those reported
in a "Tc-HMPAO SPECT study [17], which suggests that
ASL imaging may be suitable in CBF asymmetry detection
in patients with CBS. Moreover, in this study, ASL imaging
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Fig.4 Comparisons of normalized cerebral blood flow (CBF) and
cortical volume in the brain regions belonging to the hemisphere con-
tralateral to the more clinically affected side in patients with cortico-
basal syndrome (CBS) and patients with Parkinson’s disease (PD) A
The normalized CBF of patients with CBS was significantly lower
than that of patients with PD in two regions: perirolandic and pari-
etal cortices. B The normalized cortical volume in patients with CBS

showed relatively decreased CBF in the cerebellar hemi-
sphere ipsilateral to the more clinically affected side, prob-
ably due to crossed cerebellar diaschisis (Figs. 1 and 2A).
ASL imaging detected crossed cerebellar diaschisis induced
due to cerebral infarction in recent studies [30]. The assess-
ment of crossed cerebellar diaschisis may reinforce detect-
ing cerebral CBF asymmetry in patients with CBS on ASL
imaging.

We also found that volume asymmetry showed significant
differences in the perirolandic, superior frontal, and pari-
etal cortices in patients with CBS compared with patients
with PD (Fig. 2B). Several studies with volumetric MRI
showed asymmetrical atrophy mainly in the frontoparietal
cortex in patients with CBS compared with healthy controls,
patients with Alzheimer’s disease, patients with progressive
supranuclear palsy, or patients with PD [8, 9, 31]. How-
ever, other recent studies reported that volume asymmetry
analysis showed no significant differences in any cortical
regions between patients with CBS and healthy controls
[32, 33], which suggests that assessment of volume asym-
metry may provide varying results. In the present study, CBF

was significantly lower than that in patients with PD in one region:
perirolandic area. C Receiver operating characteristic curve analysis
to distinguish CBS from PD showed good accuracy (area under the
curve [AUC]>0.7) in these significant two regions (perirolandic and
parietal cortices) in both analyses for the normalized CBF and vol-
ume (red and blue lines, respectively). p values: a<0.001, b<0.005

asymmetry showed significant differences in a wider range
of regions than volume asymmetry (seven regions vs. three
regions, Fig. 2) in a comparison between patients with CBS
and patients with PD, which indicates the relatively greater
robustness of CBF asymmetry in the diagnosis of CBS.
Other studies with perfusion SPECT showed a regional
CBF decrease, with no evaluation of CBF asymmetry in
patients with CBS. Takaya et al. reported that hypoperfu-
sion in the lateral frontoparietal region on perfusion SPECT
was a predictor in distinguishing CBS from Lewy body
disease including PD [10]. '8F-FDG PET studies reported
that significant hypometabolism was observed in the fron-
tal and parietal lobes and the basal ganglia of the clinically
more affected hemisphere in patients with CBS [9, 14-16].
In these studies, regional decreases in CBF or metabolism
were assessed in terms of values normalized by whole-brain
values [10, 11, 15-17]. Referring to these studies, we further
evaluated the regional CBF decrease using the normalized
CBF in the present study. As a result, patients with CBS
showed significantly decreased normalized CBF in two
regions (perirolandic and parietal cortices) compared with
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patients with PD (Fig. 4A), which partially replicates the
results of previous SPECT/PET studies [9, 12—-18]. In con-
trast, significant CBF asymmetries were observed in seven
regions (Fig. 2A), which suggests that focusing on CBF
asymmetry rather than regional CBF decrease enhances the
diagnostic power of ASL imaging for CBS.

This study has some limitations. First, this was a ret-
rospective analysis with a small sample size. Second, two
different post-labeling delay acquisitions (i.e., 1.5 or 2.0 s)
were used for ASL imaging; however, no significant dif-
ference was observed in the mean CBF asymmetry values
between the two post-labeling delay groups in patients with
CBS, which suggests that the difference in post-labeling
delay had little influence on CBF asymmetry. Third, MRI
scans were performed at the mean disease duration from
onset of approximately 3 years in both patients with CBS
and those with PD. Further prospective and external valida-
tion studies utilizing a larger number of drug-naive patients
at an earlier disease stage and comparisons with radionu-
clide imaging are necessary to validate the diagnostic abil-
ity of the CBF asymmetry evaluation using ASL imaging,
which will contribute to the implementation of this method
in clinical practice. In addition, differences in the patterns
of CBF asymmetry in terms of each pathological etiology of
CBS should be investigated in future studies.

Conclusion

In conclusion, this study showed significant CBF asymmetry
in a wider range of brain regions through the use of ASL
imaging in patients with CBS compared with patients with
PD. These findings suggest that ASL imaging for the detec-
tion of asymmetrical hypoperfusion has considerable clini-
cal utility in the diagnosis of CBS.
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