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Background and Purpose: The clinical diagnosis of progressive supranuclear palsy can be challenging, as the clinical
presentation overlapswith that of Parkinson's disease andmultiple systematrophy.We sought to examine the practical
utility of radiologic markers of progressive supranuclear palsy by investigating whether these markers could distin-
guish between patients with progressive supranuclear palsy-Richardson syndrome (PSP-RS) and those with
Parkinson's disease based on imaging obtained in a typical clinical setting, not in a prospective research environment.
Materials and methods: This retrospective study included 13 patients with PSP-RS and 13 patients with Parkinson's
disease who were followed for either condition at our institution at the time of the study and who had MRI records
available. Patients were selected without regard to type of imaging obtained. All diagnoses were confirmed by a
trained movement disorders specialist using validated diagnostic criteria. Groups were matched for age and disease
duration at the time of scanning. MRI records were retrospectively obtained, and image analysis was performed by in-
vestigators blinded to disease classification. Midbrain area, midbrain to pons area ratio, midbrain anterior-posterior
diameter, and MR parkinsonism index were calculated for each patient.
Results: All established measures of identifying progressive supranuclear palsy (midbrain area, midbrain to pons area
ratio, midbrain anterior-posterior diameter, andMRparkinsonism index) were significantly different between patients
with PSP-RS and those with Parkinson's disease.
Conclusion: Previously established radiographic markers distinguishing between PSP-RS and Parkinson's disease have
practical utility in the clinical setting and not just in well-designed prospective analyses.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Early recognition and diagnosis of progressive supranuclear palsy (PSP)
can be difficult. In the early stages of this disease, patients often present to
the clinic with nonspecific cognitive complaints that may be confused with
Alzheimer's disease or other dementias. Additionally, as preliminary motor
symptoms arise, distinguishing between PSP and other parkinsonian disor-
ders can be a challenge.

Typically, it takes 4 years before a movement disorders specialist can
distinguish Parkinson's disease (PD) fromother atypical parkinsonian disor-
ders, such as PSP [1]. To aid an earlier diagnosis, carbidopa-levodopa is
often given to the patient on a trial basis, but this treatment is effective in
only 25% to 33% of patients with PSP [2]. The International Parkinson's
and Movement Disorder Society recently revised the diagnostic criteria of
ofMedicine, 9980CarnegieAve,

er Ltd. This is an open access
ecommons.org/licenses/by-
PD to improve early identification, taking into account prodromal symp-
toms, such as constipation and REM behavioral disorder, and “red flags,”
such as vertical gaze palsy and early falls, that can indicate atypical parkin-
sonian disorders such as PSP [3]. Early and accurate classification of PD,
PSP, and other parkinsonian disorders is helpful to achieve appropriate pa-
tient care and for enrolling the correct patient population in clinical trials
assessing therapeutic interventions.

In order to aid diagnosis of neurodegenerative disease, many bio-
markers have been proposed, with several showing promise [4–11]. For ex-
ample, levels of serum markers such as cystatin C, low-density lipoprotein
cholesterol (LDL-C), trefoil factor 3, cholinesterase and homocysteine
have been associated with various types of parkinsonism, with cystatin C
and LDL-C associated with PSP specifically [6,11]. Additionally, various
markers seen on imaging, such as cortical thickness, medial temporal lobe
atrophy and white matter hyperintensity, have been linked to some of the
cognitive changes associated with neurodegenerative diseases [8,9].

In patients with parkinsonian disorders, imaging has shown promise as
a method to augment accurate diagnosis. Midbrain atrophy is often present
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in patientswith PSP, and a number ofmeasurements have been proposed to
quantify this change, including the midbrain area, midbrain to pons area
ratio, midbrain anterior-posterior distance, and MR parkinsonism index
(MRPI) [12–16]. Midbrain atrophy has been shown to progress differently
in patients with PSP-Richardson (PSP-RS), PSP-Parkinsonism (PSP-P), and
PD, with PSP-RS showing the largest change in pons/midbrain area ratio
over time, PSP-Parkinsonism showing smaller change in pons/midbrain
ratio, and PD patients showing no change [17]. Indeed, midbrain atrophic
changes seem to be most prominent in PSP-RS and are less apparent in
other subtypes of PSP [18]. The MRPI is a measurement that incorporates
both midbrain atrophy and superior cerebellar peduncle (SCP) atrophy,
both of which are sometimes present in patients with PSP [14]. One study
has suggested thatMRIfindingsmay precede the development of character-
istic PSP features, concluding that MRPI could help to predict the evolution
of clinically undifferentiated parkinsonism to PSP [19]. Studies of these
measurements have demonstrated clear associations between structural
brain abnormalities and PSP, but these investigations have typically been
carried out in well-controlled research settings. Furthermore, a detailed
protocol for measuring and quantifying the structural abnormalities of in-
terest was sometimes absent from these reports.

Here, we sought to investigatewhether a detailed procedure tomeasure
commonly evaluated radiographic markers of PSP (e.g., midbrain and pon-
tine areas, midbrain anterior-posterior distance, MRPI) had practical clini-
cal utility in distinguishing between patients with PD and those with
PSP-RS outside of a well-controlled research environment. To this end,
we replicated and expanded on previously published methods in an analy-
sis of patients with known PSP-RS or PDwho were scanned within the rou-
tine clinical service of a large multisite tertiary hospital system using a
variety of MRI scanners, field strengths, and protocols. We proposed that
this systematic procedure for analyzing representative patient imaging
data may hold practical clinical utility in distinguishing between patients
with PD and those with PSP-RS.

2. Materials and methods

2.1. Subject Selection

This retrospective study was approved by the institutional review board
with a waiver of informed consent, and all personal health information re-
quirements were strictly followed. The study population included 13 sub-
jects with PSP-Richardson and 13 subjects with PD who were being
followed for either condition at our institution at the time of the study
and who had undergone at least 1 clinical MRI examination. Subjects
were selected without regard to the type of MRI scanner (including vari-
ables such as vendor, field strength, or head coil) or MRI protocol (which
may have included routine protocols without 3D volumetric sequence or
dedicated dementia protocols that featured such sequences) used for scan-
ning. Diagnoses of either PSP or PD were assigned by a trained movement
disorders specialist using validated diagnostic criteria. Only subjects with
PSP-Richardson subtype were included in this study; other subtypes such
as PSP-Parkinsonismwere excluded because of clinical ambiguity and over-
lap of symptoms with PD. MRI records were retrospectively collected, with
groups matched for age and disease duration at the time of the scan.

In a separate analysis, we also sought to estimate the predictive
value of a radiologist incidentally observing a small midbrain and subse-
quently considering a clinical diagnosis of PSP. To evaluate this
question, we searched all MRI reports from the radiology database
over a 2-year period for the term “PSP” in the body or impression of
the report. Reports were excluded if PSP was provided in the clinical
history; this ensured that the radiologist's suggestion of PSP was un-
prompted and noted as an incidental finding. The candidate reports
were then reviewed and included only if the neuroradiologist's descrip-
tion of PSP included a qualitative assessment that a small midbrain
suggested possible PSP (no reports were found that included quantita-
tive measurements). The electronic medical records for these patients
were then reviewed for the presence or absence of a clinical diagnosis
2

of PSP from a neurologist. Images from these patients were then
assessed to determine the midbrain to pons area ratio, which presum-
ably corresponded to what the radiologist's eye noted as qualitatively
reduced.

2.2. Image Analysis

MRI examinations were performed on a variety of clinical scannerswith
various field strengths and from different manufacturers (Supplementary
Table 1). In addition, this retrospective analysis included patients scanned
with any MRI protocol, which may have included routine brain MRI exam-
inations without contrast or dedicated dementia protocols (for example,
those following the Alzheimer's Disease Neuroimaging Initiative design).
Altogether, this assortment was considered to reflect what might be en-
countered in a typical clinical practice, which was one of the goals of this
research. The MRI sequences reviewed for this study focused on T1- and
T2-weighted images, with a preference for volumetric T1-weighted
MPRAGE if available (typically 1.2mm thick in the sagittal plane), followed
by spin echo T1- and T2-weighted sequences in either the axial or coronal
plane (often up to 5 mm thick). The preferred sequences chosen reflected
the desired measurement, as detailed in the next section.

All analyses were performed by investigators blinded to disease classifi-
cation. The DICOM viewer IMPAX 6 (Agfa, Mortsel, Belgium) was used for
image visualization and measurements. A total of 5 measurements were
obtained for each patient: (1) midbrain area; (2) pontine area; (3) the mid-
brain anterior-posterior diameter; (4) the width of the SCP; and (5) the
width of the middle cerebellar peduncles (MCP). The MRPI was then calcu-
lated by multiplying the pons to midbrain area ratio by the ratio of the
width of the MCP to the width of the SCP [14].

2.2.1. Midbrain to pons area ratio
The areas of the midbrain and pons were calculated using a midsagittal

image (Fig. 1), as proposed byOba et al. [12].Within thismidsagittal plane,
a transverse boundarywas defined by drawing a line from the superior pon-
tine notch to the inferior border of the tectum, to which other lines are
parallel. The inferior pontine edge was defined by a line parallel to the
first line originating at the inferior pontine notch. The pontine area traced
between these 2 parallel lineswas considered the area of the pons. Themid-
brain areawas defined as the midbrain tegmentum area superior to the line
marking the superior edge of the pons. The example in Fig. 1 shows the
midbrain area to be 1.26 cm2 and the pontine area to be 4.88 cm2; thus,
the midbrain to pons area ratio was 0.26.

2.2.2. Midbrain anterior-posterior diameter
The definition of midbrain anterior-posterior diameter used in this

study (Fig. 2) was similar to the definition provided by Kim et al. [15]
and was referenced to the anterior commissure-posterior commissure
line. A second line was drawn parallel and inferior to this line and passing
through the center of the mammillary body. Using this second line, an
oblique-axial plane was obtained parallel to that line and perpendicular
to the midsagittal plane. Within this plane, a new line was drawn in the
midline from the posterior notch of the interpeduncular fossa to the ventral
aspect of the cerebral aqueduct. The midbrain anterior-posterior diameter
was then taken as the length of this line segment. In the example shown
in Fig. 2, the diameter was 13 mm.

2.2.3. Width of the SCP
To determine the width of the SCP (Fig. 3), a line was drawn parallel to

the posterior margin of the pontomedullary surface in the midsagittal
plane. An oblique coronal plane thatwas parallel to that line and perpendic-
ular to the midsagittal plane was then obtained. Within this plane, all 4 of
the tectal colliculi are often visible; inferior to them are both SCPs. The
SCP width was then defined as the linear distance perpendicular to the
superior-inferior axis, measured between the lateral and medial edges of
the SCPs at the midpoint of their extension. SCP widths were measured



Fig. 1.Measurement of themidbrain to pons area ratio. Left: Midsagittal plane from a T1-weightedMPRAGE sequence. Center: Two overlaid oblique lines. The top line passes
through the 2 points of the interpeduncular notch (B) and the inferiormargin of themidbrain tectum (A). The bottom line is parallel to thefirst, passing to the pontomedullary
junction (C).Right: Segmented areas of themidbrain tegmentum and pons, using the lines from the centerfigure as boundaries. In this example, themidbrain area is 1.26 cm2

and the pontine area is 4.88 cm2; thus, the midbrain to pons area ratio is 0.26. (Images obtained at 7 T using an MP2RAGE sequence.)
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bilaterally and then averaged to obtain a single measure. The example in
Fig. 3 shows 2measurements of 4.0 and 4.5mm, for an average of 4.25mm.

2.2.4. Width of the MCP
The values for the size of the MCP (Fig. 3) were determined by first set-

ting an axis in the notch between the SCP and the folia of the cerebellum on
the coronal view. A line was then drawn from the superior to the inferior
edge of the MCP on the corresponding sagittal section. Bilateral MCP
lengths were then obtained and averaged. The example in Fig. 3 shows a
final measurement of 13 mm.

2.3. Measurement techniques when a 3D sequence was not used

Nearly half of the includedMRI studies did not feature a T1-weighted 3D
volumetric acquisition. Whereas 3D sequences provide nearly isotropic
voxels (for example, 1 × 1 × 1.2 mm in the Alzheimer's Disease
Fig. 2. Measurement of the midbrain anterior-posterior diameter. Left: Midsagittal pl
commissure (A)-posterior commissure (B) line. The dashed line is parallel to the ante
mammillary body (C). Right: Axial-oblique plane parallel to the dashed line in th
interpeduncular fossa to the anterior margin of the cerebral aqueduct. In this example,
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Neuroimaging Initiative sequence), typical 2D sequences provide voxels
with high aspect ratios. For example, 2D sequences usually have submillime-
ter dimensions in plane with 3 to 5 mm between planes, yielding a voxel as-
pect ratio that can be as high as 10:1. Nevertheless, it is still possible to obtain
reasonablemeasurements from a 2DMRI protocol if a 3D reformatting tool is
available to coregister different 2D sequences and effectively combine them.
In this manner, the high spatial dimension of one 2D sequence can be trans-
lated to the high spatial dimension of a different sequence. Typically, a 2D
sagittal T1-weighted sequence was obtained in most non-3D MRI protocols;
this sequence features high in-plane resolution and approximately 4 to
5 mm between-plane spacing. This same sequence can be used to determine
the midbrain to pons area ratio, as the sagittal contour of the midplane
brainstem is nearly the same across several millimeters of adjacent planes.

To obtain the other 3 measurements, a 3D coregistration tool (eg, axial
FLAIR) that can match two 2D sequences (in this case, the sagittal volume
to a nonsagittal volume) is required. The high-resolution features in the
ane from a T1-weighted MPRAGE sequence. The solid yellow line is the anterior
rior commissure-posterior commissure line and passes through the center of the
e left figure. The midbrain anterior-posterior diameter is measured from the
the diameter is 13 mm. (Images obtained at 7 T using an MP2RAGE sequence.)

Image of Fig. 1
Image of Fig. 2


Fig. 3.Measurement of the width of the SCP (A,B) and MCP (C,D). A: Midsagittal plane from a T1-weighted MPRAGE sequence. The yellow line is parallel to the posterior
margin of the midbrain-pontine-medullary contour. B: Coronal oblique plane that is parallel to the yellow line in the left image. The width of the SCP is shown by the white
bracket, obtained at the 50% point between the pons and midbrain. In this example, the width is 4.5 mm on the right and 4.0 mm on the left. C: The yellow line is parallel to
themidline and passes through the notch between the peduncle and the cerebellar folia (A).D: Sagittal plane parallel to the yellow line in the left image. Thewidth of theMCP
is shown by the double-headed arrow and measures 13 mm in this example. (Images obtained at 7 T using an MP2RAGE sequence.)

Table 1
Quantitative MR measurements in PSP and PD groups.

Measurement PSP Groupa PD Groupa Pb

Midbrain area (mm2) 85.7 (20.3) 122.7 (20.6) < 0.001
Anteroposterior midbrain diameter (mm2) 11.7 (1.6) 14.1 (1.7) 0.001
Midbrain to pons area ratio 0.16 (0.02) 0.21 (0.03) < 0.001
MCP (mm) 10.0 (1.9) 11.0 (1.8) 0.40
SCP (mm) 4.8 (1.1) 5.6 (0.9) 0.08
MRPI 13.5 (3.5) 9.6 (2.6) 0.006

Note.—PSP indicates progressive supranuclear palsy; PD, Parkinson's disease;
MRPI, MR parkinsonism index; MCP,middle cerebellar peduncle; SCP, superior cer-
ebellar peduncle.

a Data are mean (SD).
b P values determined by Mann-Whitney U test.
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sagittal plane can then be used to cross-correlate to high-resolution features
in a different plane obtained from another 2D sequence. Supplementary
Fig. 1 shows an example of the procedure used to obtain midbrain
anterior-posterior diameter when the 3D sequence was not available. SCP
and MCP values were calculated similarly when a 3D sequence was not
available (supplemental Figs. 2 and 3, respectively).

2.4. Statistical analysis

Most differences between groups were compared using the Mann-
Whitney rank sum test. Fisher's exact test was used to compare the differ-
ence in proportion of patients with cognitive impairment between groups.
A P value < .05 was considered statistically significant.

3. Results

A total of 26 patients were included in the study. There was no signifi-
cant difference between the PD and PSP groups in age, disease duration
at the time of MR examination, or age at disease onset (P > .05 for all com-
parisons; Supplementary Table 2). However, the PSP group had more
4

patients with a complaint or diagnosis of cognitive impairment compared
to the PD group (12 vs. 5, respectively, P = .01; Supplementary Table 2).

Themidbrain areawas significantly smaller in the PSP group than in the
PD group, as was the anteroposteriormidbrain diameter (P<.001 and P=
.001, respectively; Table 1). The midbrain to pons area ratio was also

Image of Fig. 3
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smaller in patients with PSP than in those with PD (P< .001; Table 1). Fur-
thermore, patients with PSP had a significantly larger MRPI than patients
with PD (P = .006; Table 1).

Because some of the patients included in this study (8 patients in the
PSP group and 7 in the PD group) had only 2D sequences available, we an-
alyzed the measurements obtained from these patients separately to verify
that these results were not affecting the overall analysis. Significant differ-
ences between the PSP and PD groups were still seen across the same mea-
sures when only results from 2D images were compared (Supplementary
Table 3).

Over a period of 2 years, a total of 20 neuroradiology reports were iden-
tified that incidentally suggested a clinical finding of PSP based on the
qualitative observation of a small midbrain. Supplementary Table 4 lists
the associated clinical diagnoses from review of the electronic medical re-
cords. Only 2 patients were noted to have possible PSP. The mean ± (SD)
midbrain to pons area ratio for this group of 20 patients was 0.24 ± 0.10
versus 0.16 ± 0.02 for the group of 13 patients with diagnosed PSP pre-
sented earlier (P = .01).
4. Discussion

Clinical diagnosis of PSP, especially in the early stages, can be extremely
difficult. Specificity for the original criteria from the National Institute of
Neurological Disorders and Stroke and the Society for PSP ranges from
95% to 100%, but sensitivity is only 80% for probable PSP and approxi-
mately 93% for possible PSP [20]. As therapeutic trials for PSP and other
tauopathies gain momentum, early identification of these conditions be-
comes evenmore important. MRI is an important tool that can aid the clini-
cian in the early diagnosis of PSP and may also prove useful as a surrogate
marker in clinical trials to identify effective therapeutic agents.

In this study, we examined the practical utility of radiologic markers of
PSP by investigating whether these markers could distinguish between pa-
tients with PSP-RS and those with PD in a clinical setting. We performed
this analysis by retrospectively analyzing patient records to mimic the
challenges that radiologic analysis would pose in a typical clinical setting
as opposed to a well-controlled research study. This setting included a vari-
ety of scanners and protocols, similar to what might be seen in a large aca-
demic enterprise. We found that there were significant differences between
patients with PSP-RS and those with PD in all measures evaluated, includ-
ing the midbrain area, midbrain to pons area ratio, midbrain anterior-
posterior diameter, and MRPI. In general, our results were comparable to
those of previously published studies. In our study, the values for midbrain
area were comparable to or slightly larger than the values reported in pre-
vious studies [12,14,21], and the midbrain to pons area ratios we calcu-
lated were comparable to those calculated in other studies that used the
method published by Oba et al. [12,15]. The results we obtained for mea-
surements of midbrain diameter and MRPI were also similar to previously
published results evaluating patients with PSP and PD [14,22], although
the difference between the PSP and PD groups in MRPI was not as striking
in our study as in some previous studies [14,21], perhaps due to variations
inmeasurement of small structures such as the MCP and SCP or the smaller
sample size in our study.

In this study, neuroradiologists incidentally noted PSP as a possible
finding based on qualitative observation of a small midbrain in 20 cases,
but only 10%of these patientswere found to actually have a clinical history
of PSP; the remaining 90% had a wide range of other conditions, many of
which did not feature a neurological diagnosis. Thus, the finding of a
small midbrain is generally nonspecific. A limitation of this finding is that
many of these cases were not necessarily evaluated by a neurologist to
assess for the presence or absence of PSP. For example, patients may have
undergone MRI for indications such as headache or mental status change,
and although the neuroradiologist noted the presence of a small midbrain,
the evaluation focused more on acute findings rather than on neurodegen-
erative disease. Accordingly, these results suggest that prospective diagno-
sis of PSP based on imaging findings in the absence of a relevant history
5

may be prone to a high false positive rate (that is, low specificity). These re-
sults do not aid in characterizing the sensitivity of these MR findings.

Overall, this study confirms the usefulness of quantitative measures of
atrophic brain changes in differentiating between PSP-RS and PD in a
clinical setting. The association of midbrain atrophy with PSP is well-
established [15,16,18,23], and this study highlights that measurements of
midbrain atrophy, along with the size of other structures such as SCP and
MCP, can play a valuable diagnostic role. Compared to patients with PD
and controls, patients with PSP have atrophy of cerebral peduncles and
midbrain, and minimal involvement of the frontal lobe [24]. Interestingly,
the midbrain atrophy rate can predict clinical decline of PSP [25]. Further-
more, quantification of midbrain size may be less useful in patients with
variants of PSP, such as PSP-P, who typically have less midbrain atrophy
[26]. These findings by other groups highlight the midbrain changes asso-
ciated with PSP, and our study has corroborated the usefulness of midbrain
changes in aiding diagnosis.

One limitation of this study overall is that diagnoses were based on clin-
ical information, not on verified pathology. Furthermore, because this
study was designed to test whether radiologic markers of PSP were useful
in a typical clinical population,MRI acquisitionwas not standardized across
patients. Although the duration of PSP and PD in this study was similar,
given the typically much more rapid progression of PSP compared to PD,
the degree of neurodegeneration in the PSP subjects is likely to be substan-
tially more advanced than in the PD subjects. There is additional variation
in the time of diagnosis compared to the onset of disease in PSP and PD that
further confounds interpretation of this data.

5. Conclusion

Quantitative MRI measures that have been associated with PSP in well-
controlled research populations can be reproduced in a real-word clinical
setting featuring a variety ofMRI scanners and protocols. This demonstrates
the utility of MRI in distinguishing between PD and PSP-RS when there is
clinical suspicion of parkinsonism but an exact diagnosis remains unknown.
Previous studies have described a set of MRI measures that can be used to
identify PSP, and this study details how these methods can be applied in
a clinical setting.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.prdoa.2020.100033.
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