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Abstract: BackgroundBackground: Idiopathic Parkinson’s disease (IPD) and progressive supranuclear palsy (PSP) have
similar clinical signs and symptoms, making accurate clinical diagnosis difficult. T2* gradient echo (T2* GRE),
susceptibility-weighted imaging (SWI), and quantitative susceptibility mapping (QSM) are susceptibility MR
imaging sequences that provide more information about brain iron levels than other conventional MR imaging.
ObjectiveObjective: This study aimed to evaluate the diagnostic power of putaminal hypointensity on T2* GRE, SWI, and
QSM in distinguishing PSP from IPD.
MethodsMethods: Eligible studies were identified via systematic searches of PubMed and Clarivate Analytics® Web of
Science® Core Collection. Studies that satisfied the inclusion and exclusion criteria were reviewed. A meta-
analysis was conducted using the hierarchical summary receiver operating characteristic curve approach.
ResultsResults: Our literature search of the two databases yielded 562 primary articles, 10 of which were deemed
relevant and only six were eligible for further analyses. We performed a meta-analysis of putaminal
hypointensity measurements: 438 patients with IPD and 109 patients with PSP were enrolled in the quantitative
synthesis. The meta-analysis of six studies with 547 patients revealed a sensitivity of 69% (95% confidence
interval (CI): 33%–90%) and specificity of 91% (95% CI: 80%–96%) for putaminal hypointensity on T2* GRE, SWI,
or QSM distinguishing PSP from IPD.
ConclusionsConclusions: Putaminal hypointensity on T2* GRE, SWI, or QSM is able to distinguish patients with PSP from
those with IPD with high specificity. Further multicenter prospective studies on patients are needed to verify
our results.

The principal clinical features of idiopathic Parkinson’s dis-
ease (IPD) are bradykinesia, resting tremors, rigidity, and
postural instability. Several other parkinsonisms, such as pro-
gressive supranuclear palsy (PSP), present with similar
clinical manifestations. Because of the overlapping symp-
toms, it is sometimes challenging to obtain a correct dia-
gnosis. Thus, a sensitive and reliable diagnostic marker is
urgently required. Thus, the development of a potential

MRI biomarker to differentiate between IPD and PSP is
necessary.

IPD and PSP are neurodegenerative diseases that share sim-
ilar pathogenic mechanisms, including mitochondrial dysfunc-
tion, oxidative stress,1 impairment of protein clearance,2 and
neuroinflammation.3 In addition, dysregulation of metabolism
and increased mineral concentrations (especially of iron) are
also involved in the occurrence and development of
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neurodegenerative diseases.4 Accumulated evidence has
shown that the degree of metabolism dysregulation and
increase in mineral concentrations in different diseases are
inconsistent, and that brain iron deposition patterns differ
between neurodegenerative diseases, such as IPD and PSP.5,6

These differences can be used as promising imaging features
to support clinical diagnosis.

Postmortem studies have revealed that T2 hypointensity in
the putamen is associated with ferritin deposition.7,8 To distin-
guish between radiological findings related to pathological min-
eral deposition and those caused by physiological age-related
accumulation in the putamen, selecting an appropriate MRI
sequence is crucial. Among the routinely performed MR imag-
ing sequences, T2* gradient echo (T2* GRE) sequences are
more sensitive to mineral deposition than T2-weighted
sequences. The deposition of paramagnetic substances (such as
iron) is related to a decrease in T2* relaxation time, which
results in a hypointense signal on T2* GRE imaging.7,8

Susceptibility-weighted imaging (SWI) is extremely sensitive to
mineralization and substances with magnetic susceptibility and
can help evaluate the pattern of mineralization in deep gray
matter.9 Quantitative susceptibility mapping (QSM) can process
phase MRI data to yield susceptibility maps and eliminate arti-
facts by deconvolving the field generated by the magnetic sus-
ceptibility.10 Postmortem brain studies demonstrated a strong
correlation between volumetric susceptibility and iron concen-
tration in the deep gray matter measured using QSM.5,11,12

Previous studies of T2* GRE, SWI and QSM in parkinsonism
have supported that they may serve as new biomarkers for clin-
ical use. Thus, we conducted a systematic review and meta-
analysis to evaluate the diagnostic accuracy of putaminal
hypointensity on T2* GRE, SWI, and QSM in distinguishing
PSP from IPD.

Methods
Study design and search
strategy
Our meta-analysis complied with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement. Database
searches were independently performed by two researchers
(YY and ZJM) in PubMed and the Clarivate Analytics® Web of
Science® Core Collection. We used the following search key-
words: (“swi” OR “magnitude” OR “susceptibility-weighted
image” OR “eswan” OR “Enhanced T2 Star Weighted Angiog-
raphy” OR “t2*” OR “r2*” OR “phase” OR “gradient echo”
OR “GRE”) AND (“Progressive supranuclear palsy” OR
“PSP”) AND (“Parkinson’s disease” OR “IPD”). Only papers
published between January 1, 2000, and March 18, 2022, were
considered.

FIG 1. Flowchart of the studies included in the meta-analysis.
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Study selection
Two independent researchers screened the papers considering
the following eligibility criteria: (1) written in English. (2) includ-
ing PSP and IPD patients. (3) T2* GRE, SWI, or QSM of the
brain had been performed; and (4) reporting the numbers of true
positives, true negatives, false positives, and false negatives or
total samples as well as sensitivity and specificity values.

Data extraction and analysis
Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool was used to evaluate the risk of bias in each
study. Two researchers conducted the assessments independently.
Any divergence was resolved through discussion and consensus.
Data from the qualifying studies were extracted as follows:
(1) patient numbers in each group; (2) sensitivity and specificity
values; (3) clinical features (age, sex, disease duration, Hoehn and
Yahr scale); and (4) MRI technical parameters (sequences, posi-
tive radiologic definition, magnetic field strength, slice thickness,
echo time [TE], and spatial resolution). Hierarchical summary
receiver operating characteristic curve (HSROC) modeling was
performed to calculate the general sensitivity and specificity,
based on the bivariate normal model for the logit transforms of
sensitivity and specificity values reported in each study, and a
95% confidence region and 95% prediction region were pro-
vided.13 Forest plots of sensitivity and specificity were created for
the visual assessment. Potential heterogeneity between the
datasets was assessed using the inconsistency index (I2).
I2 = 25%–50% was regarded as low heterogeneity, I2 = 50%–
75% was considered moderate heterogeneity, and I2 > 75% rep-
resented high heterogeneity.14 Statistical analyses were conducted
using STATA software (STATA 13.1).

Results
A systematic search of PubMed and Clarivate Analytics® Web of
Science® Core Collection revealed 562 publications. After
excluding 54 duplicates, two independent reviewers screened the
titles and abstracts of the remaining 508 publications and identi-
fied 30 potentially eligible original articles. After full-text screen-
ing, 20 publications were excluded because they had no relevant
outcomes. A total of 10 publications were included in the quali-
tative analyses. However, four publications were evaluated using
continuous variables and could not be quantified together.
Finally, six articles that met the inclusion criteria were included
in our meta-analysis. A detailed flowchart of the selection process
is shown in Figure 1. The characteristics of the selected studies
are presented in Table 1.

As shown in Figure S1, of the studies included, 50% (3 of 6)
for patient selection, 83.3% (5 of 6) for index test, 33.3% (2 of 6)
for reference standard and 16.6% (1 of 6) for flow and timing
showed a low risk of bias. The rest assessment indicated unclear
risk of bias. T
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The six studies included 109 PSP patients and 438 IPD
patients. The overall sensitivity and specificity for discriminating
PSP from IPD patients were 0.69 (95% confidence interval [CI]:
0.33–0.90) and 0.91 (95% CI: 0.80–0.96), respectively (Fig. 2).
Considerable heterogeneity between studies was indicated by I2

scores of 82.41 and 85.73 for sensitivity and specificity, respec-
tively. The area under the HSROC curve was 0.91 (95% CI:
0.88–0.93) (Fig. 3).

In addition to the putamen, other brain regions were investi-
gated. Gupta et al.15 reported that hypointensity scores of the red
nucleus (P = 0.001) and substantia nigra (P = 0.006) were
higher in the PSP group than in the IPD group. Azuma et al.16

demonstrated that the mean susceptibility values of the substantia
nigra and globus pallidus were significantly higher in PSP
patients than those in IPD patients (P < 0.05). Sjöström et al.17

also found an apparent increase in the susceptibility of the red
nucleus (P < 0.0001), globus pallidus (P < 0.0001), substantia
nigra (P < 0.0001), and dentate nucleus (P < 0.0001) in PSP
patients compared to those in IPD patients.

Two studies used the SWI sequence,15,17 two used T2*
GRE,18,19 and two used QSM to obtain images.16,20 For field
strength, three studies used 3.0 T,16,17,20 two used 1.5 T,15,18

and one used 1.5 T or 3.0 T.19 The magnetic susceptibility of
the bilateral putamina was measured in three studies,15–17 and
the visual presence of putaminal hypointensity was evaluated in
three.18–20 Out of three visually evaluated studies, Arabia et al.
demonstrated that the intraclass correlation coefficients (ICCs)
for intrarater and interrater reliability in the evaluation of the
putaminal intensity were 1.000 and 0.939 in the IPD group, and
0.886 and 1.000 in the PSP group (P < 0.001).18 Gupta et al.
reported that ICCs of intrarater and interrater reliability were 0.7
and 0.9 for the putamen.15 Wadia et al. showed that the kappa
value for intrarater and interrater reliability analysis involving
GRE hypointensity of the putamen were 1.0 and 0.4576, respec-
tively.19 The TE was 40 in two studies,15,18 20 in one,17 and
15 in one.20 Two studies used more than one kind of TE.16,19

The slice thickness used ranged from 2 to 5 mm, and the inter-
slice gap varied from 0 to 2 mm. Four studies did not mention
the years of experience of the image raters15,17,19,20; two studies
included the data (more than 10 years,18 8, and 11 years,
respectively16).

Although four articles were not included in our quantitative
analysis, Sjöström et al.6 and Mazzucchi et al.21 found that puta-
men susceptibility was higher in PSP patients than in PD

FIG 2. Coupled forest plot of pooled sensitivity and specificity. Pooled estimates with 95% CIs are provided. Corresponding heterogeneity
statistics are shown at the bottom right corners. CI, confidence intervals.
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patients. However, Fedeli et al.22 and Sakurai et al.23 did not
observe any differences.

Discussion
Our meta-analysis evaluated the diagnostic performance of
putaminal hypointensity on T2* GRE, SWI, or QSM to dis-
criminate PSP from IPD. The pooled sensitivity was 69% (95%
CI: 3%–90%), the specificity was 91% (95% CI: 80%–96%), and
the area under the HSROC curve was 0.91 (95% CI: 0.88–
0.93). This indicates that putaminal hypointensity on SWI, T2*
GRE, and QSM help distinguish PSP from IPD.

Sometimes, it is difficult to distinguish PSP from IPD using
only the clinical diagnostic criteria, and neuroimaging plays a
vital role in further differentiation. Iron accumulation leads to
considerable local magnetic field inhomogeneity, causing a
decline in the local signal (susceptibility gradient). Some studies
have demonstrated that low putaminal signal intensity on
T2-weighted images in atypical and poorly levodopa-responsive
parkinsonism.24,25 MRI and postmortem neuropathological stud-
ies have shown that MRI putaminal signal changes are associated
with mineral deposition, cell damage, and gliosis within the
putamen,26–28 implicating putaminal mineral deposition as a neu-
ropathological marker of parkinsonism. The paramagnetic effect
of mineral deposition in the cerebrum leads to a hypointense sig-
nal on T2* GRE imaging.18,29 SWI is a comparatively new
technique for identifying iron deposition in the brain. By using
magnitude and phase images, SWI can reveal both quantified

and visible brain mineralization with high sensitivity.9,30 QSM is
a new post-processing technique that can evaluate iron concen-
trations in the cerebrum by mapping phase-MRI data.31 Cur-
rently, T2* GRE, SWI, and QSM are all neuroimaging
techniques used in clinical practice. Therefore, in our study, they
were all considered index tests. The overall diagnostic yield of
T2* GRE, SWI, or QSM was 69% (95% CI: 33%–90%), and
the specificity (91% CI: 80%–96%) was high, indicating that
brain MRI including T2* GRE, SWI, or QSM would be a use-
ful tool for distinguishing PSP from IPD.

In addition to the putamen, some studies indicated that the
susceptibility of the red nucleus, substantia nigra, and globus
pallidus could also be used to distinguish PSP from PD.15–17 The
latest study even showed that diagnostic accuracy comparing PD
and PSP ranged from good (Putamen, Subthalamic nucleus) to
optimal (red nucleus).32 However, there have been only a few
related studies, which used different imaging techniques, so no
unified conclusion can be drawn yet.

Putaminal hypointensity on susceptibility MRI is a non-
specific imaging finding which can also be seen in multiple sys-
tem atrophy (MSA).19 Several studies have found that putaminal
hypointensity can also distinguish MSA from PD.6,19,23 These
suggest that putaminal hypointensity on susceptibility MRI can
help to differentiate patients with PSP or MSA from IPD, but
cannot support a PSP or MSA diagnosis in patients presenting
with parkinsonism. Whether this could have a role in dis-
tinguishing between each parkinsonism requires more and fur-
ther research.

In addition to susceptibility MRI, other neuroimaging tech-
niques also contribute to distinguishing PSP from IPD, each with
its advantages and shortcomings. Though midbrain atrophy and
characteristic “hummingbird” shape on midsagittal T1-weighted
images are highly specific (99.5%), those signs are less sensitive
(51.6%).33 MRPI and MRPI 2.0 have been used to distinguish
between these two diseases in their early stages with high accu-
racy34,35; however, they require expertise in manual measure-
ment and MR image reconstruction, which is complex and
limits their widespread use. The automated version of MRPI
2.0, which is currently under development, also requires certain
technical skills and is not applicable to routine MRI procedures.
A new simple manual MRI measurement of the third ventricle
(3 rd V) width showed the 3 rd V/ID ratio demonstrated high
diagnostic performance (accuracy >87% and AUC >91%) in dis-
tinguishing IPD from PSP patients.36 As the MRI images were
from different 1.5- and 3.0-T scanners, the variability might have
increased. A recent study demonstrated great potential for diag-
nosing suspected PSP using 18F-PI-2620 PET. When using at
least one positive target region, the sensitivity and specificity for
detecting PSP-RS are 85% and 77%, respectively.37 However,
18F-PI-2620 PET imaging is extremely expensive and difficult to
perform in clinical practice. Compared with those above-
mentioned neuroimaging techniques, susceptibility MRI is
cheaper and easier to perform and showed a good diagnostic per-
formance in discriminating PSP from IPD.

There was substantial heterogeneity in our meta-analysis, and
several factors might have caused this variability: (1) magnetic

FIG 3. Hierarchical summary receiver operating characteristic
curve for the diagnostic performance of SWI, T2* GRE, or QSM
in differentiating PSP from PD. HSROC, hierarchical summary
receiver operating characteristic.
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resonance field strength, slice thickness, and spatial resolution
were different among the studies included in this meta-analysis:
two studies used 1.5 T,15,18 three used 3.0 T16,17,20 and one used
both field strengths19; thinner slice thickness and smaller inter-
slice gaps displayed better detection results; (2) The evaluation
methods for positive imaging results were different: some studies
used visual evaluation to compare the signal of the thalamus,18

cerebrospinal fluid15 and globus pallidus19; however, quantitative
studies used magnetic susceptibility values measured by in-house
software programs17,20 or ImageJ.16; (3) Differences in the place-
ment and size of the region of interest (ROI) might also have
affected the results: although most studies focused on the puta-
men, some divided it into frontal putamen and posterior
putamen,20 while others focused on the outer putamen.15 Stan-
dardized placement of the ROI may help coordinate the results
among different study sites; and (4) The drawing methods for
the ROI were different: most studies used manually drawn ROI
and only one study used automatic segmentation.19 It remains
unclear which method can provide better test–retest reliability.

The difficulty in the clinical diagnosis of IPD and PSP may
contribute to heterogeneity. Although the studies used similar
clinical diagnostic criteria, none of the patients in these studies
were confirmed by pathological examination. Misdiagnosis in
some cases cannot be excluded, especially in those in early dis-
ease stages. Since the accuracy of clinical diagnosis increases with
disease progression, most studies involved patients in the
advanced stages, making clinical diagnosis more reliable. When
clinical identification becomes more difficult, it is necessary to
test the diagnostic performance of T2* GRE, SWI, and QSM
for these diseases.

Our study had several limitations. First, only a few studies
published thus far have focused on this aspect, and several
related studies could not be included in the pooled analysis
because of the unavailability of their original data. Conse-
quently, only six studies were included, which might have
affected the accuracy of the results. However, the sensitivity
and specificity have certain confidence intervals, and excluded
one or two studies would not have affected the overall results.
Second, one study was retrospective; therefore, the possibility
of selection bias could not be excluded. Third, because of the
limited number of studies, we did not assess the heterogeneity
caused by the three different sequences as indicator tests nor
were we able to determine the relationship between severity
and T2* GRE, SWI, or QSM abnormalities. Fourth, our
pooled analysis revealed significant heterogeneity, which
affected the applicability of our results. Nevertheless, in view of
the clinical practicability of T2* GRE, SWI, and QSM, it was
highly necessary to conduct this meta-analysis, and its results
still have a certain practicability to help people make clinical
decisions or perform further analyses.

In conclusion, although the sensitivity of T2*GRE, SWI, and
QSM is still far from ideal, their good specificity prove that they
might be a promising diagnostic tool for distinguishing PSP from
IPD. Large-scale multicenter imaging studies and long-term
clinical follow-up for parkinsonism are needed to verify their
diagnostic efficiency.
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