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Abstract
Differential diagnosis of progressive supranuclear palsy (PSP) and the parkinsonian variant of multiple system atrophy (MSA-P)
from Parkinson’s disease (PD) can be difficult, particularly in atypical cases or early in the disease course. The Magnetic
Resonance Parkinsonism Index (MRPI) utilizes linear and surface (planimetry) measurements and has been proposed as a dual
MRI biomarker, with high values indicative of PSP and low values of MSA. The aim of this study was to examine the utility of
simple linear MRI brainstem measurements, without the use of MRI planimetry, in the diagnosis of patients with Parkinsonism
and compare them to the MRPI. A total of 51 patients (PSP: 24, MSA-P: 9, PD: 18) and 15 healthy controls were included.
Simple linear MRI distances of brainstem structures were measured. These included midbrain and pons diameters as well as
superior cerebellar peduncle (SCP) and middle cerebellar peduncle (MCP) widths. All relevant indices, including ratios and
products, were also calculated. The SCP bymidbrain product (SCP ×midbrain) provided improved sensitivity (100 vs. 91%) and
identical specificity (98%) for the diagnosis of PSP, compared to theMRPI. Neither theMRPI nor any of the linear measurements
were able to discriminate MSA-P from PD. The SCP by midbrain product is a novel, potent MRI biomarker for PSP.
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Introduction

Progressive supranuclear palsy (PSP) and the parkinsonian
variant of multiple system atrophy (MSA-P) are neurodegen-
erative disorders with distinct clinical features. Differential
diagnosis however is often difficult, particularly in early
and/or atypical cases. Established clinical diagnostic criteria
lack sensitivity [1, 2]. As a result, these patients are
underdiagnosed and may receive a possible/probable diagno-
sis in later stages of their disease course. This raises the need
for a biomarker to assist clinical diagnosis.

PSP is characterized by severe midbrain and superior cer-
ebellar peduncle (SCP) atrophy [3], which may appear early in
the disease course, years before the clinical presentation is
complete [4]. In this context, brainstem measurements have
been successfully used to predict PSP in patients with unclas-
sified Parkinsonism [5].

MSA presents either as a cerebellar form (MSA-C) or a
parkinsonian form (MSA-P). The former usually do no enter
in the differential diagnosis of a patient with Parkinsonism,
due to their predominant cerebellar signs. On the contrary,
MSA-P patients may often be clinically indistinguishable
from PSP and PD; however, they may also show pons and
middle cerebellar peduncle atrophy (MCP) [6]. These data
imply that a specific MRI atrophy pattern could assist in an
early clinical diagnosis.

The topographic selectivity of brain atrophy has yielded
several promising potential MRI biomarkers, by the use of
variable MRI modalities, such as volumetry, diffusivity, and
planimetry as well as simple linear measurements. Linear
MRI measurements are easily performed and reproducible in
routine MRI sequences and are therefore practical from a
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clinical standpoint. The remaining MRI modalities require
elaborate MRI sequences, strict standardization of image ac-
quisition, and/or burdensome post-acquisition analysis, which
may pose difficulties in everyday clinical practice.

The midbrain/pons ratio [7] and particularly the Magnetic
Resonance Parkinsonism Index (MRPI) have emerged as po-
tent dual imaging biomarkers in Parkinson-plus patients [8].
The MRPI utilizes both linear and surface measurements
(planimetry). It is calculated by multiplying the pons/
midbrain surface ratio by the MCP/SCP width ratio (pons/
midbrain × MCP/SCP). Higher values are supported to indi-
cate PSP and lower values MSA. The MRPI has been proven
to assist in the differential diagnosis of PSP from PD and
vascular Parkinsonism [9, 10].

The aim of this study was to examine the utility of exclu-
sively linear MRI brainstem distances in the differential diag-
nosis of prospectively diagnosed PSP and MSA-P patients
and compare their diagnostic accuracy against the MRPI.

Patients and methods

Patients

Patients were consecutively and prospectively recruited be-
tween 2011 and 2014, as part of the Parkinson-plus Registry
of our Department. All patients underwent a comprehensive
neurological examination and a detailed neurological history
was obtained. The minimal follow-up period was 2 years.
Ancillary tests were performed in all patients as appropriate,
to exclude secondary causes of Parkinsonism.

The Unified Parkinson’s Disease Rating Scale (UPDRS)
motor examination (Part III) was performed in all patients.
To document opthalmokinetic abnormalities, saccade velocity
was semiquantitatively scored in each axis (up, down, left,
right) as follows: 0, normal; 1, slight slowing; 2, medium
slowing; 3, severe slowing; 4, no saccade. This produced a
saccade velocity score from 0 to 16. Likewise, hypometria of
gaze was scored in each axis as follows: 0, normal; 1, mild
hypometria; 2, medium hypometria; 3, severe hypometria; 4,
no movement. A total hypometria score from 0 to 16 was
calculated.

All patients fulfilled the established criteria for probable
progressive supranuclear palsy [11] or probable multiple sys-
tem atrophy of the parkinsonian variant (MSA-P) [12]. Since
all PSP patients fulfilled the Bprobable^ criteria, only patients
with a Richardson syndrome (PSP-RS) were included, with
early postural instability and falls as well as early supranuclear
gaze palsy. A group of 11 patients, fulfilling the UK
Parkinson’s Disease Society Brain Bank criteria [13], were
included for comparison reasons. Furthermore, 15 otherwise
healthy individuals, with no history of neurological, psychiat-
ric, or other major disease and no signs of Parkinsonism or

cognitive dysfunction, served as a control group. They were
admitted in our Department for non-relevant issues (headache,
dizziness, etc.) and had a normal MRI. MSA-C patients were
not included in the present study, because they do no enter in
the differential diagnosis of a patient with Parkinsonism, due
to their predominant cerebellar semiology.

The study was performed with the approval of the
Scientific and Ethical Committee of our Hospital, according
to the ethical guidelines of the 1964 Declaration of Helsinki.
All patients (or in cases of compromised mental capacity the
next of kin carer) gave written informed consent to participate
in the study.

MRI acquisition

Magnetic resonance imagingwas performed on a variety of high-
field MRI units (Philips Medical Systems—Achieva 3.0 T (TX)
and Intera 1.5 T, Siemens—MagnetomAvanto 1.5 T,Magnetom
Epree 1.5 T, Magnetom Skyra 3 T and Magnetom Symphony
1.5 Tand GEMedical Systems—Genesis Signa 1.5 Tand Signa
Excite 1.5 T). The sequences included T1-weighted axial, sagit-
tal, and coronal images or 3DT1WTurbo Field Echo sequences.
MRI specifications were as follows: TR repetition time range
500–650 ms, TE echo time range 10–15 ms, FOV range 24–
25 cm, matrix range 192 × 256 to 320 × 320, section thickness
1–5 mm, intersection spacing 1 mm.

Linear brainstem measurements were measured
midsagittally, parallel to the chiasmatico-commissural plane.
These included the following: the maximal antero-posterior
(A-P) midbrain distance, the A-P pons distance, the A-P su-
perior colliculus (SC), and the A-P inferior colliculus (IC)
distance. Distances measured at the axial level included the
maximal A-Pmidbrain and pons distances, as well as maximal
SCP andMCPwidths. Furthermore, maximalMCPwidth was
also measured parasagittally. The SCP width were also mea-
sured coronally, as opposed to the methodology described by
Quattrone et al. [8]. This was decided due to the lack of 3D
T1 W Turbo Field Echo sequences in some of the patients
(Supplementary Fig. 1).

To improve discriminative power for PSP and MSA, the
products ofmidbrain × SCP and of pons ×MCP, respectively,
were also calculated. In an attempt to differentiate MSA from
PSP, the midbrain/pons,MCP/SCP, and SC/IC distance ratios
at all available planes were included. TheMRPI, with replace-
ment of the midbrain and pons surfaces by their respective
maximal A-P midsagittal distances, was also reported
(MRPIdist). For comparison reasons, the MRPI (as described
in the introduction) was also calculated.

The rostral midbrain angle (angle of the anterior one half of
the rostral midbrain border to a plane perpendicular to the
respective posterior one half at the midsagittal section) was
also calculated (Supplementary Fig. 2). This was performed in
an effort to provide an objective, measurable substrate of the
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Table 1 Demographic and clinical data. All data are presented as mean (SD)

Ctrls
n = 12

PSP
n = 24

MSA-P
n = 9

PD
n = 18

p value

Sex (m/f) 6/6 13/11 7/2 10/8 0.589*

Age (y) 62.6 (9.0) 63.2 (6.8) 66.4 (9.6) 64.4 (9.3) 0.709#

Disease duration (year) NA 3.3 (1.8) 3.4 (2.8) 10.6 (6.1) < 0.0001#

Education (y) 11.8 (4.2) 11.4 (4.0) 12.3 (4.1) 11.3 (3.9) 0.862#

UPDRS III NA 21.3 (9.8) 30.0 (22.2) 32.3 (11.5) 0.015#

Saccade velocity score NA 10.2 (3.9) 0.2 (0.5) 0.0 (0.0) < 0.0001#

Hypometria score NA 5.3 (3.6) 0.0 (0.0) 0.0 (0.0) 0.004#

*χ2

# ANOVA

Table 2 Brainstem MRI measurements and indices. All data are presented as mean (SD) or median (interquartile range)

CTRL
(n = 15)

PSP
(n = 24)

MSA-P
(n = 9)

PD
(n = 18)

p value

Brainstem distances

A-P midbrain
(mm, axial)

17.4
(1.3)

14.7
(1.2)

17.2
(1.8)

17.8
(1.2)

< 0.0001*

A-P midbrain
(mm, sagittal)

11.9
(0.6)

9.2
(1.3)

11.4
(0.7)

12.0
(0.8)

< 0.0001*

A-P pons
(mm, axial)

22.1
(1.2)

21.0
(1.7)

22.9
(1.7)

23.4
(1.4)

< 0.0001*

A-P pons
(mm, sagittal)

23.1
(1.3)

21.2
(1.7)

22.3
(1.5)

23.7
(1.7)

< 0.0001*

SCP
(mm, coronal)

4.2
(3.9–4.8)

2.8
(2.4–3.2)

3.8
(3.6–4.3)

4.1
(3.7–4.3)

< 0.0001#

MCP
(mm, sagittal)

9.6
(0.7)

7.9
(1.0)

7.9
(1.4)

10.0
(0.8)

< 0.0001*

Brainstem distances ratios

Midbrain/pons
(axial)

0.79
(0.06)

0.70
(0.05)

0.75
(0.10)

0.76
(0.04)

< 0.0001*

Midbrain/pons
(sagittal)

0.52
(0.03)

0.43
(0.04)

0.51
(0.05)

0.51
(0.03)

< 0.0001*

MCPsag/SCPcor 2.2
(0.3)

2.9
(0.5)

2.1
(0.5)

2.5
(0.3)

< 0.0001*

Other measurements

Midbrain × SCP
(sagittal)

46.1
(9.1)

21.6
(4.6)

40.2
(8.6)

45.9
(6.4)

< 0.0001*

Pons × MCP
(sagittal)

222.1
(19.4)

166.9
(26.3)

176.7
(37.5)

237.5
(29.3)

< 0.0001*

Pons�MCP
Midbrain�SCP
(sagittal)

4.3
(0.6)

6.8
(1.2)

4.2
(1.1)

4.9
(0.6)

< 0.0001*

Pons�MCP
Midbrain�SCP
(axial)

6.5
(1.1)

9.7
(1.34)

6.5
(1.2)

6.7
(0.7)

< 0.0001*

MRPI 8.6 (1.7) 16.2 (3.3) 7.9 (2.1) 9.8 (1.8) < 0.0001*

Brainstem angles (°)

Upper midbrain angle
(sagittal)

63.0
(59–68)

103.6
(90–112)

78.3
(73–93)

68.5
(61–94)

< 0.0001#

Interpeduncular angle
(axial)

64.9
(13.3)

57.7
(11.9)

64.8
(14.0)

51.7
(10.7)

0.002*

*ANCOVA
#Kruskal-Wallis
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Bhummingbird sign.^ This sign is in part produced by the
concave appearance of the rostral midbrain (which is convex
in healthy controls). The interpeduncular angle at the axial
plane was also measured.

Statistical analysis

Numerical variables were checked for normality and ho-
mogeneity of variances by the Shapiro Wilk’s and
Levene’s tests, respectively. ANCOVA, using the diagno-
sis, gender, and magnetic field strength (1.5 vs. 3.0 T) as
co-factors and age as a covariate, followed by post hoc
analysis with Bonferroni correction for multiple compari-
sons or Kruskal-Wallis test (followed by Dunn’s post hoc
test) were used as appropriate. Receiver operating charac-
teristic (ROC) curve analysis was applied for determina-
tion of the diagnostic value of each biomarker.
Nonparametric pairwise comparison of ROC curve AUCs
was performed by use of the DeLong method. Spearman’s
rank correlation coefficient was applied to correlate clinical
with imaging data. All analyses were performed by IBM
SPSS Statistics® version 22.0.0.0 (SPSS Inc., Chicago, IL,
2013) and MedCalc version 12.5 (MedCalc Software,
Belgium, 2013). All graphs were designed using

GraphPad Prism®, version 5.03 (GraphPad Software Inc.,
La Jolla, CA, 2009).

Results

A total of 66 patients were included in the study (PSP, n = 24;
MSA-P, n = 9; PD, n = 18; ctrls, n = 15). Study groups did not
differ significantly in respect to age, gender, or education
(Table 1). PD patients had significantly greater disease dura-
tion, as expected. ANCOVA revealed significant effects by
diagnostic group, but the models were not affected significant-
ly by any of the co-factors and covariates.

The saccade velocity score correlated significantly with the
A-P midbrain sagittal diameter (R = − 0.486, p = 0.22),
midbrain/pons sagittal ratio (R = − 0.449, p = 0.036), SCP cor-
onal width (R = − 0.647, p = 0.002), MCP sagittal to SCP cor-
onal ratio (R = − 0.514, p = 0.020), MRPI (R = − 0.601, p =
0.005), and midbrain sagittal × SCP coronal product (r = −
0.621, p = 0.003). The hypometria score correlated with the
SCP coronal width (R = − 0.561, p = 0.008), MRPI (R = −
0.454, p = 0.044), and midbrain sagittal × SCP coronal prod-
uct (r = − 0.506, p = 0.019). No MRI measurement correlated
with the UPDRS III score.

Table 3 ROC curve analysis of the discriminative power of MRI measurements and indices for the diagnosis of MSA-P

AUC
(SD)

p value Cut-off value Sens Spec PPV NPV Sens + spec Likel. ratio

MCP (sag)/SCP (axial) 0.84
(0.09)

0.001 ≤ 2.32 0.67 1.00 1.00 0.95 1.67 (−)

A−P pons�MCP
A−P midbrain�SCP
(sagittal)

0.74
(0.09)

0.02 ≤ 4.4 0.67 0.75 0.30 0.91 1.42 2.62

MRPI 0.81 (0.07) 0.03 < 10.9 1.00 0.55 0.26 1.00 1.70 3.33

Table 4 ROC curve analysis of the discriminative power of MRI measurements and indices for the diagnosis of PSP

AUC
(SD)

p value Cut-off value Sens Spec PPV NPV Sens + spec Likel. ratio

A-P midbrain
(sagittal)

0.97
(0.02)

< 0.0001 ≤ 10.8 0.88 0.93 0.88 0.93 1.81 12.25

SCP
(coronal)

0.98
(0.01)

< 0.0001 ≤ 3.45 0.96 0.93 0.88 0.97 1.88 13.39

A-P midbrain (sagittal) × SCP (coronal) 0.99
(0.001)

< 0.0001 ≤ 30.9 1.0 0.98 0.96 1.00 1.98 42.00

Midbrain/pons
(sagittal)

0.93
(0.03)

< 0.0001 ≤ 0.463 0.88 0.95 0.91 0.93 1.83 18.37

MCP (axial)/SCP (cor) 0.96
(0.02)

< 0.0001 ≥ 4.57 1.00 0.79 0.72 1.00 1.79 4.66

A−P pons�MCP
A−P midbrain�SCP
(axial)

0.97
(0.02)

< 0.0001 ≥ 7.7 0.92 0.91 0.85 0.95 1.83 9.62

Rostral midbrain angle (°) 0.84
(0.05)

< 0.0001 ≥ 99.5 0.67 0.91 0.80 0.82 1.58 7.00

MRPI 0.99 (0.01) < 0.0001 > 12.6 0.91 0.98 0.95 0.95 1.89 38.18
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PSP patients exhibited significantly smaller midbrain dis-
tances and SCP widths compared to all other groups.
Consequently, all midbrain and/or SCP-derived indices also
differed significantly. Rostral midbrain and interpeduncular
angles were significantly increased in PSP. Interestingly,
PSP patients showed mild pons and MCP atrophy (Table 2).

MSA-P patients showed mild pons atrophy, which was not
statistically significant. They did not differ from the control
group in any of the simple linear measurements, with the
exception of MCP atrophy, as measured at the sagittal plane.

PD patients did not differ from the control group in any of
the MRI measurements.

No MRI measurement or index provided clinically useful
(> 80%) combined sensitivity and specificity for the diagnosis
of MSA-P. The MRPI (cut-off point of ≤ 10.9) discriminated
MSA-P patients from the other groups, with a 100% sensitiv-
ity and 55% specificity. A MCPsag/SCPaxial value of ≤ 2.32
had a 100% specificity and 67% sensitivity for MSA-P
(Table 3, Supplementary Figs. 3 and 4).

In regard to PSP, the SCP × midbrain product (SCP
coronally and A-P midbrain midsagittally measured) provided
an excellent combination of sensitivity (100%) and specificity
(98%) for the diagnosis of PSP (cut-off ≤ 30.9 mm2). In com-
parison to the MRPI, it provided improved sensitivity (100 vs.
91%). The MRPI, SCPcor, MRPIdist-axial, and midbrain/
ponssag were also potent in discriminating PSP from all other
groups. Pairwise comparison of ROC curve AUCs of these
indices did not reveal significant differences (Table 4,
Supplementary Figs. 5 and 6).

Discussion

The present study investigated the utility of simple MRI mea-
surements and indices in the differential diagnosis of
Parkinson-plus patients. These measurements were then com-
pared to the MRPI, which is supported to function as a dual
imaging biomarker.

Many studies support the utility of the MRPI in the differ-
ential diagnosis of PSP fromMSA-P, PD, and healthy controls
[4, 14–18]. In our study, an MRPI value of > 12.6 was highly
suggestive of PSP, in accordance to the literature.

Interestingly, in our cohort, the midbrain × SCP product pro-
vided comparable (and numerically superior) discriminative
power for the diagnosis of PSP, compared to the MRPI. This
could be attributed to the following: Firstly, PSP patients exhib-
ited a degree of pons and MCP atrophy in our cohort. Indeed,
pathological studies of PSP patients have supported this finding,
by reporting concomitant pontine, in addition to the predominant
midbrain atrophy in PSP patients [3, 19]. Secondly, MSA-P pa-
tients, did not exhibit pons atrophy in our study. Mild MCP
atrophy was evident only in the sagittal plane. Thirdly, the meth-
odology we applied to measure SCPs differed from the one

described in the literature. More specifically, we measured the
SCPs on a coronal plane, as opposed to the oblique coronal plane
generated by 3D T1 W Turbo Field Echo sequences.

Taking this data into account, the incorporation of pons or
MCP atrophy measurements in a MRI biomarker that
intended to differentiate PSP from MSA-P does not increase
(but could theoretically decrease) its discriminative power.

Furthermore, the midbrain × SCP product relies on linear
MRI measurements and can therefore be applied in the every-
day clinical setting, without requiring MRI planimetry mea-
surement software. MRPI on the other hand requires both
planimetry (pons and midbrain surface) and linear measure-
ments (SCP and MCP widths).

Surprisingly, the MRPI did not provide adequate (> 80%)
combined sensitivity and specificity for the diagnosis of
MSA-P in our cohort, due to only mild pontine and MCP
atrophy in these patients. This is in apparent disagreement
with studies that have reported pons and MCP atrophy in
MSA-P patients [8, 20]. However, as was the case in our
study, in these reports, there was great overlap of individual
values between PD and MSA-P patients. Moreover, only two
studies have supported that MRI measurements (midbrain/
pons ratio) can differentiate MSA from PD [7, 21].
However, these studies incorporated MSA-C patients.

Based on these findings, we hypothesize that the MRPI,
although useful, may not be as diagnostically efficient as pre-
viously thought, especially for MSA-P. However, it is con-
ceivable that low MRPI values may be particularly useful
for MSA-C.

Our study, like most studies in the field, lacks pathologic
confirmation, which would provide a Bdefinite^ diagnosis.
Thus, we selected a prospective design for our study, contrary
to the retrospective design of other studies, and all cases were
followed up for at least 2 years. This may enhance the validity
of clinical data and strengthen the clinical diagnosis.
Furthermore, only patients with a Bprobable^ diagnosis were
included. Most relevant studies in the field have moderate
cohort sizes, similar to our study. This is expected for such
rare diseases as PSP and MSA-P.

Linear MRI measurements can greatly assist in the early
differential diagnosis of PSP patients from both PD andMSA-
P. However, they do not seem to be useful in the discrimina-
tion between MSA-P and PD, which is a common clinical
scenario. Towards this direction, prospective studies combin-
ing MRI, clinical, and pathological data are needed.
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