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ABSTRACT: Background: No prospective study of
patients with Parkinson’s disease (PD) has investigated
the appearance of vertical gaze abnormalities, a feature
suggestive of progressive supranuclear palsy (PSP).
Objective: To identify, within a cohort of patients with an
initial diagnosis of PD, those who developed vertical gaze
abnormalities during a 4-year follow-up, and to investigate
the performance of new imaging biomarkers in predicting
vertical gaze abnormalities.
Methods: A total of 110 patients initially classified as PD
and 74 controls were enrolled. All patients underwent clinical
assessment at baseline and every year up to the end of the
follow-up. The pons/midbrain area ratio 2.0 and the Mag-
netic Resonance Parkinsonism Index 2.0were calculated.
Results: After 4-year follow-up, 100 of 110 patients
maintained the diagnosis of PD, whereas 10 PD patients
(9.1%) developed vertical gaze abnormalities, suggesting
an alternative diagnosis of PSP-parkinsonism. At base-
line, the Magnetic Resonance Parkinsonism Index 2.0
was the most accurate biomarker in differentiating PD
patients who developed vertical gaze abnormalities from

those who maintained an initial diagnosis of PD. At the
end of follow-up, both of these biomarkers accurately
distinguished PSP-parkinsonism from PD.
Conclusions: Our results demonstrate that a number of
patients with an initial diagnosis of PD developed vertical
gaze abnormalities during a 4-year follow-up, and the
diagnosis was changed from PD to PSP-parkinsonism.
In PD patients, baseline Magnetic Resonance Parkinson-
ism Index 2.0 showed the best performance in predicting
the clinical evolution toward a PSP-parkinsonism pheno-
type, enabling PSP-parkinsonism patients to be identified
at the earliest stage of the disease for promising
disease-modifying therapies. © 2019 The Authors. Move-
ment Disorders published by Wiley Periodicals, Inc. on
behalf of International Parkinson and Movement Disorder
Society.
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To date, the diagnosis of Parkinson’s disease (PD)
remains primarily clinical.1,2 However, the accuracy of
clinical diagnosis of PD is not satisfactory, particularly
in early stages of the disease where the typical clinical
signs are not yet fully present.2-4 Several studies have
demonstrated that clinical diagnosis of PD may change
after a follow-up of a few years.5,6 In clinic-based stud-
ies on PD, the most frequent misdiagnoses involved
atypical parkinsonisms, particularly multiple system
atrophy or progressive supranuclear palsy (PSP).2,5,6

Recent evidence has highlighted the greater difficulty in
differentiating patients with PD from those affected by
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PSP with parkinsonism (PSP-P).7-10 The clinical presen-
tation of PSP-P resembles idiopathic PD to such an extent
that the 2 disorders are difficult to distinguish early
on.7-10 Recently, the Movement Disorder Society (MDS)–
endorsed PSP Study Group11 published new diagnostic
criteria for clinical diagnosis of PSP-Richardson’s
(PSP-RS) and the PSP variants, such as PSP-P. Diagnosis
of probable PSP-RS was based on the presence of vertical
gaze abnormalities (VGA) and early postural instability,
whereas probable PSP-P was characterized by VGA asso-
ciated with levodopa-responsive or levodopa-resistant
parkinsonism.11 VGA usually are the most specific neuro-
logical signs for differentiating patients with PSP-P from
those with PD8; however, these clinical features may
occur later or never in PSP-P patients.7-10 The absence of
VGA makes it difficult to differentiate between patients
with PSP-P and those with PD,8 suggesting that the true
prevalence of PSP-P may be underestimated.
Magnetic resonance (MR) imaging measurements have

been shown to be useful for diagnosing PSP.12,13 The
MR Parkinsonism Index (MRPI) has proven to be an
accurate biomarker for diagnosing patients with PSP14-26

and for predicting the clinical evolution toward PSP phe-
notypes of patients affected by undetermined parkinson-
ism27,28 or the appearance of vertical supranuclear gaze
palsy (VSGP) in patients with PSP-P.29 Overall, this bio-
marker is highly accurate in diagnosing PSP-RS12 but
shows a low sensitivity in distinguishing between
patients with PSP-P and those with PD.18,26,30 Recently,
we demonstrated that a new version of MRPI that
included the measurement of third ventricle width
(MRPI 2.0) was highly accurate in differentiating PSP-P
patients from PD.26 To date, to our knowledge, no pro-
spective study has investigated in vivo the appearance of
clinical features of PSP-P in patients initially diagnosed
as PD. In the current study, we used a large sample of
patients with an initial clinical diagnosis of PD who were
clinically and radiologically followed for 4 years to eval-
uate the appearance of VGA without early postural
instability, a phenotype strongly suggestive of PSP-P.11

We also investigated whether MRPI 2.0 measurements
were able to predict in patients with initial diagnosis of
PD the evolution toward a clinical phenotype of PSP-P.

Methods
Baseline Evaluation

Patients

We consecutively recruited 128 patients with PD and
74 sex- and age-matched healthy control participants
between April 2010 and May 2013. Clinical diagnosis
of PD was made by one of the authors (M.M.) with
>10 years of experience in movement disorders. Patients
were included if they reached the probable (disease dura-
tion ≥3 years, levodopa responsiveness and presence of

3 of 4 cardinal features of PD) or possible (disease dura-
tion <3 years, 2 of 4 cardinal features of PD) degree of
diagnostic certainty for PD.31 For each patient, a com-
plete medical history and neurological examination with
accurate clinical evaluation of ocular movements and
postural instability were performed, motor impairment
was scored using the Unified Parkinson’s Disease Rating
Scale–Motor Examination (UPDRS-ME)32 in off-state
(off medications overnight), and disease severity rated
using the Hoehn and Yahr rating scale.33 An asymmetry
index was calculated according to the procedure recently
described.34 We used the MMSE35 to assess cognitive
performance in all patients. Levodopa response was
assessed both in the off-state (off medications overnight)
and 2 hours after drug administration and was consid-
ered positive if it was ≥30% on the UPDRS-ME score
(moderate 30%-50%; good >50%-70%; excellent
>70%).36 Exclusion criteria were history of neuroleptic
use within the past 6 months, evidence of atypical clin-
ical features suggestive of parkinsonisms, evidence of
normal striatal uptake in dopamine transporter
iodine123-N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-
iodophenyl) tropane (I-123 FP-CIT) single-photon
emission computed tomography (SPECT), evidence of
normal pressure hydrocephalus suggested by abnormal
MR signs such as reduced callosal angle and enhanced
Evans Index,37 and evidence on MR imaging scan of vas-
cular lesions such as lacunar infarctions in the basal gang-
lia and/or subcortical vascular lesions with diffuse
periventricular signal alterations. None of the control par-
ticipants had a history of neurologic, psychiatric, or other
major medical illnesses. All study procedures and ethical
aspects were approved by the institutional review board
(Magna Graecia University review board, Catanzaro,
Italy). In addition, written informed consent was obtained
from all those participants examined as part of the study.

MR Imaging Protocol

All patients and controls performed a brain MRI with a
3 T-MR750 General Electric scanner and an 8-channel
head coil according to a recently described procedure.26

Morphometric Measurements

Automated measurements of the pons/midbrain area
ratio (P/M) and the MRPI were performed according to
the recently described procedure (http://mrpi.unicz.it).38

The new version of these biomarkers (P/M 2.0 and
MRPI 2.0), which included the measurement of third
ventricle (3rdV) width, was calculated according to the
procedure described in a recent study26 and reported in
the supplementary materials.

Follow-Up Evaluation
After clinical–radiological characterization at base-

line, all patients were clinically assessed by the same
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physician every year for an observational period of
4 years. At each annual clinical evaluation, the patients
underwent a neurological examination with accurate
clinical evaluation of ocular movements and postural
instability. Clinical assessments were performed with
the UPDRS-ME in the off-state (off medications over-
night) and using the Hoehn and Yahr rating scale and
MMSE test. At the end of the 4-year follow-up period,
all patients repeated the clinical evaluation, levodopa
acute test, and MR imaging examination with the same
protocol as the baseline.
The degree of diagnostic certainty for PD31 was

assessed every year in all patients, and the classification
of the patients as possible or probable PD was modified
accordingly. Because the modality of clinical assessment
of ocular motor dysfunction and postural instability did
not differ substantially between previous39 and new
criteria,11 all patients without postural instability
within 3 years after the disease onset who developed
VGA during the follow-up were reclassified according
to the recent diagnostic criteria for probable PSP-P.11

Thus, the following 2 levels of VGA were considered:
slow velocity of vertical saccades and VSGP. Slowness
of vertical greater than horizontal saccadic eye move-
ments was considered as the criterion for slow velocity
of vertical saccades (O2 level).11 A clear limitation of
the range of voluntary gaze in the vertical more than in
the horizontal plane, affecting both up- and downgaze,
were considered as criterion for VSGP (O1 level).11 A
clinical diagnosis of probable PSP-P was thus suspected
when the patient developed VGA (O1 or O2) associated
with levodopa-responsive (A3 level) or levodopa-
resistant (A2 level) parkinsonism, without early pos-
tural instability within 3 years after the disease onset.11

The progression of the disease was evaluated for
UPDRS-ME and for P/M, MRPI, P/M 2.0, and MRPI
2.0 as the percentage difference from baseline to
follow-up values.

Statistical Analysis
Differences in sex and clinical features distribution

were assessed by Fisher’s exact test. McNemar’s test
was used to assess changes in dopaminergic responsive-
ness from baseline to follow-up evaluation. The
Shapiro-Wilk test was used to check for normality
before comparing continuous variables. Baseline demo-
graphic, clinical, and radiological data were compared
using either the Student’s t test or the Mann–Whitney
U test. Baseline to follow-up comparisons were per-
formed either by the paired t test or by the Wilcoxon
signed rank test.
A mixed-model analysis of variance was performed

to assess the effect of time (baseline, follow-up) as the
within factor and status (PD, PSP-P) as the between fac-
tor and their mixed effect on MRPI, MRPI 2.0, P/M,

and P/M 2.0. With age-related variables, an analysis of
covariance was performed to control for the age effect.
All tests were 2-tailed and the α level was set at P < .05.
When comparing radiological measures, P values were
corrected according to Bonferroni. We assessed sensitiv-
ity, specificity, positive predictive value, negative predic-
tive value, and diagnostic accuracy of baseline and
follow-up measurements of P/M, P/M 2.0, MRPI, and
MRPI 2.0 in differentiating patients who maintained an
initial diagnosis of PD from those who developed
VGA. Optimal cut-off levels were defined as the values
with the highest sum of sensitivity and specificity on
the receiver operating characteristic curves. To assess
intrarater and interrater reliability, intraclass correla-
tion coefficients were calculated. Analyses were per-
formed using R (R for Unix/Linux, version 3.1.1, the R
Foundation for Statistical Computing, Vienna, Austria).

Results

Demographic, clinical, and neuroimaging data of
patients with PD and controls at baseline evaluation are
listed in Table 1. Among the 128 PD patients initially
enrolled, 18 patients were excluded from the study
(4 patients died before the end of the follow-up;
5 patients dropped out; 7 patients developed atypical
clinical features suggestive of multiple system atrophy
[early orthostatic fall in blood pressure and loss of levo-
dopa response], and 2 patients developed clinical fea-
tures suggestive of dementia with Lewy bodies [early
cognitive decline with fluctuating confusion and halluci-
nations]). Of 40 patients with an initial diagnosis of
possible PD who showed a levodopa responsiveness
lower than 30% at baseline, 19 developed a good levo-
dopa response at the end of follow-up (Table 1 and
Table 2). These patients at baseline had less than
2 years of disease duration and had not had an ade-
quate trial of levodopa or dopamine agonists. At base-
line, 21 of 40 patients with possible PD and all patients
(n = 70) with probable PD showed levodopa respon-
siveness (moderate, n = 51; good, n = 30; excellent,
n = 10). At baseline, 9 of 10 patients who developed
VGA during the follow-up showed a moderate response
to levodopa, whereas only 1 patient had a good levo-
dopa response.
At baseline, P/M 2.0, MRPI, and MRPI 2.0 values of

PD patients were not different from values of the con-
trols with the exception of the P/M values, which were
significantly higher in the PD patients than in controls
(Table 1). Table 2 shows baseline and follow-up clinical
and imaging data of the patients who maintained the
initial diagnosis of PD up to the end of the follow-up
(PD; n = 100) and of those who developed VGA during
the follow-up, and changed diagnosis from PD to PSP-P
(PSP-P; n = 10). All of these 10 patients developed
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slowness of vertical saccades during the follow-up; 5 of
these 10 patients showed VSGP at the end of follow-up.
Patients with VSGP showed higher imaging biomarkers
values (P/M, mean � SD: 6.01 � 0.9; P/M 2.0, mean �
SD: 1.40 � 0.2; MRPI, mean � SD: 15.68 � 1.5;
MRPI 2.0, mean � SD: 3.69 � 0.6) than those with
slowness of vertical saccades (P/M, mean � SD:
5.69 � 0.8; P/M 2.0, mean � SD: 1.33 � 0.4; MRPI,
mean � SD: 14.44 � 1.1; MRPI 2.0, mean � SD:
3.33 � 0.7). In addition, 9 of 10 PD patients who
developed VGA lost the response to levodopa during the
follow-up (Table 2). All patients who developed VGA
during the follow-up had at least 3 years of parkinsonism
without history of postural instability and normal pull-
test at baseline (Table 2). In the PD patients, there were
no significant differences in morphometric measures
between baseline and follow-up, whereas in patients with
PSP-P, all morphometric values were significantly worse
at follow-up than at baseline (Table 2). In both PD and
PSP-P, clinical variables significantly worsened between
baseline and follow-up (Table 2).
The between-group comparison showed that all mor-

phometric measures (P/M, P/M 2.0, MRPI, and MRPI
2.0) were significantly higher in patients with PSP-P than
in those with PD, both at baseline and at follow-up
(Table 2 and Supplementary Table 1). MRPI 2.0 values
showed no overlap between patients with PD and patients
with PSP-P at both evaluations (Fig. 1). Most clinical vari-
ables showed a slight significant difference at baseline and
a marked difference at follow-up between the 2 patient
groups (Table 2 and Supplementary Table 1).

When status–time (disease follow-up) interaction was
considered, there were significant differences between
PD patients and PSP-P patients for all morphometric
measurements (P < .001), thus showing that disease
progression was more marked in patients with PSP-P
than in those with PD (Fig. 2A). Figure 2B shows for
each biomarker (MRPI, MRPI 2.0, P/M, P/M 2.0) the
percentage difference from baseline to follow-up in
patients with PSP-P.
Table 3 shows the performances of P/M, P/M 2.0,

MRPI, and MRPI 2.0 measurements in differentiating
patients with PD from those with PSP-P at baseline and
follow-up. At baseline, MRPI 2.0 showed the highest
accuracy (100%) in predicting the appearance of VGA in
all patients (n = 10) with initial diagnosis of PD who later
changed diagnosis from PD to PSP-P. At the end of
follow-up, MRPI 2.0, MRPI, and P/M 2.0 showed an
excellent performance (accuracy, 100%) in differentiating
PSP-P patients from those with PD (Table 3). Baseline
clinical variables showed a lower accuracy than imaging
biomarkers in predicting VGA in PD patients with initial
diagnosis of PD (Supplementary Table 2). In addition, at
baseline, MRPI 2.0 performance was highly accurate in
differentiating the PSP-P group from the non-PSP-P group
(PD, multiple system atrophy, and dementia with Lewy
bodies patients; Supplementary Table 3). There was an
excellent correlation between intrarater (intraclass corre-
lation coefficients: 3rdV width, 0.993; frontal horns (FH)
width, 0.991; 3rdV/FH, 0.995) and interrater (intraclass
correlation coefficients: 3rdV width, 0.982; FH width,
0.987; 3rdV/FH, 0.989) agreement.

TABLE 1. Clinicoradiologic data of patients initially classified as Parkinson’s disease and controls at baseline evaluation.

Clinicoradiologic Data Parkinson’s disease Controls P valuea

n 110 74 –

Sex, no. M/F 73/37 49/25 1b

Probable/possible PD level 70/40 – –

Age at examination, y, mean � standard deviation (range) 62.9 � 8.1 (42-80) 64.3 � 8.5 (50-83) .40c

Age at disease onset, y, mean � standard deviation (range) 58.5 � 8.0 (40-77) – –

Disease duration, y, mean � standard deviation (range) 4.4 � 3.9 (1-24) – –

Clinical features
Rest tremor, n (%) 77 (70.0) – –

Asymmetric motor symptoms, n (%) 74 (67.2) – –

MMSE score, median value (range) 27 (16-30) 28 (24-30) .005c

UPDRS-ME score, median value (range) 21 (8-44) – –

H-Y score, median value (range) 2 (1.5-3) – –

Levodopa responsiveness, n (%)d 91 (82.7) – –

Brain MRI measurements, mean � standard deviation (range)
P/M 3.87 � 0.6 (2.67-5.31) 3.60 � 0.4 (2.81-4.55) .01e

P/M 2.0 0.58 � 0.2 (0.18-1.19) 0.52 � 0.2 (0.15-0.99) 1e

MRPI 9.15 � 1.4 (6.19-11.93) 8.84 � 1.4 (6.25-12.12) 1e

MRPI 2.0 1.37 � 0.5 (0.40-2.71) 1.27 � 0.5 (0.43-2.28) 1e

F, female; M, male; H-Y, Hoehn and Yahr rating scale; P/M, pons/midbrain area ratio; MRPI, Magnetic Resonance Parkinsonism Index.
aClinicoradiological comparisons at baseline between all patients with initial diagnosis of Parkinson’s disease and controls.
bFisher’s exact test.
cMann–Whitney U test.
dNumber (percentage) of patients who showed a clinical improvement of 30% or greater in comparison with that detected in off state.
eMann–Whitney U test with Bonferroni correction.

490 Movement Disorders, Vol. 34, No. 4, 2019

Q U A T T R O N E E T A L

 15318257, 2019, 4, D
ow

nloaded from
 https://m

ovem
entdisorders.onlinelibrary.w

iley.com
/doi/10.1002/m

ds.27621 by IR
C

C
S O

spedale San R
affaele, W

iley O
nline L

ibrary on [09/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Discussion

The results of our study show that a number of
patients initially classified as PD developed VGA during
a 4-year follow-up. It is worth noting that at baseline
only MRPI 2.0 predicted the development of VGA in a
percentage (9.1%) of patients with an initial diagnosis
of PD with 100% sensitivity and specificity, whereas at
the end of follow-up all imaging biomarkers accurately
differentiated patients who had developed features of
PSP-P from those who remained classifiable as PD.
To date, no studies have investigated patients initially

classified as PD who might have developed clinical fea-
tures of PSP-P, such as VGA over time. In the current
study, we clinically and radiologically followed a large

group of patients who fulfilled the diagnostic criteria
for possible or probable PD31 to look for the appear-
ance of VGA, which is highly suggestive of PSP, during
a long follow-up period (4 years). At the end of the
4-year follow-up, the majority of PD patients (100 of
110 patients; 90.9%) had not developed atypical clini-
cal features, and each of these patients reached a proba-
ble degree of diagnostic certainty for PD.31

However, a small percentage of patients (10 of
110 patients; 9.1%) who did not show early postural
instability within 3 years after the disease onset developed
VGA during the 4-year follow-up, thus indicating the evo-
lution toward a PSP-P phenotype.11 In particular, at the
end of follow-up, 5 of 10 patients showed slowness of ver-
tical saccades, and 5 had VSGP. When we applied the

TABLE 2. Clinicoradiologic data of patients who maintained initial diagnosis of Parkinson’s disease (PD) at the end of follow-
up and of patients with initial diagnosis of PD at baseline who developed features (vertical gaze abnormalities) of progressive

supranuclear palsy-parkinsonism (PSP-P) during the follow-up

Clinicoradiologic Data

PD PSP-P

Baseline 4-year follow-up
P

valuea Baseline 4-year follow-up
P

valueb

n 100 100 \ 10 10 \
Sex, no. M/F 64/36 64/36 \ 9/1 9/1 \
Probable/possible PD level 60/40 100/0 \ 10/0 \ \
Age at examination, y, mean � standard
deviation (range)

62.4 � 8.0
(42-80)

66.4 � 8.0
(46-84)

\ 69.0 � 5.9
(61-79)

73.0 � 5.9 (65-83) \

Age at disease onset, y, mean � standard
deviation (range)

58.1 � 8.2
(40-77)

58.1 � 8.2
(40-77)

\ 62.6 � 5.7
(54-70)

62.6 � 5.7 (54-70) \

Disease duration, y, mean � standard
deviation (range)

4.3 � 3.9 (1-24) 8.3 � 3.9 (5-28) \ 6.4 � 2.3 (3-9) 10.4 � 2.3 (7-13) \

Clinical features
Rest tremor, n (%) 72 (72.0) 73 (73.0) 1c 5 (50) 1 (10) .13c

Asymmetric motor symptoms, n (%)d 69 (69.0) 58 (58.0) .003c 5 (50) 2 (20) .25c

Vertical gaze abnormalities, n (%) 0 (0) 0 (0) \ 0 (0) 10 (100) .004c

MMSE score, median value (range) 27 (16-30) 25 (13-29) <.001e 27 (25-30) 20.5 (14-26) .009e

UPDRS-ME score, median value (range) 20 (8-44) 29.5 (18-57) <.001e 27 (20-29) 37 (31-43) .006e

H-Y score, median value (range) 2 (1.5-3) 2 (2-5) .051e 2 (2-2) 3 (2-4) .01e

Levodopa responsiveness, n (%)f 81 (81.0) 100 (100) <.001c 10 (100) 1 (10) .008c

Brain MRI measurements, mean � standard
deviation (range)

P/M 3.78 � 0.5
(2.67-5.04)

3.89 � 0.5
(2.67-5.08)

.77g 4.71 � 0.4
(4.17-5.31)

5.85 � 0.8
(4.87-7.19)

.001h

P/M 2.0 0.54 � 0.2
(0.18-0.93)

0.59 � 0.2
(0.23-0.98)

.57g 1.03 � 0.1
(0.87-1.19)

1.37 � 0.3
(1.01-1.97)

.004h

MRPI 8.98 � 1.4
(6.19-11.68)

9.26 � 1.4
(6.37-11.87)

.40g 10.81 � 0.8
(9.89-11.93)

15.06 � 1.4
(12.90-18.10)

<.001h

MRPI 2.0 1.27 � 0.4
(0.40-2.10)

1.40 � 0.4
(0.60-2.08)

.37g 2.36 � 0.2
(2.13-2.71)

3.51 � 0.6
(2.88-4.70)

<.001h

PD, patients who maintained initial diagnosis of PD at the end of follow-up; PSP-P, patients with initial diagnosis of PD at baseline who developed vertical gaze
abnormalities during the follow-up; F, female; M, male; H-Y, Hoehn and Yahr rating scale; P/M, pons/midbrain area ratio; MRPI, Magnetic Resonance Parkinson-
ism Index.
aClinicoradiological comparisons between baseline and follow-up in PD patients.
bClinicoradiological comparisons between baseline and follow-up in group PSP-P patients.
cMcNemar’s test.
dPercentage of patients with UPDRS motor asymmetry index >2 points.
eWilcoxon signed rank test.
fNumber (percentage) of patients who showed a clinical improvement of 30% or greater in comparison with that detected in the off state. Of 40 patients with initial
diagnosis of possible PD, 19 showed at baseline a levodopa responsiveness lower than 30%. These patients who have not had an adequate trial with levodopa
o dopamine agonists developed a good response to levodopa at the end of follow-up.
gRepeated-measures analysis of covariance, effect of time (baseline, follow-up), with Bonferroni correction.
hPaired t test with Bonferroni correction.
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recent MDS criteria for PSP,11 all of these 10 patients
were classified as probable PSP-P (5 were classified as
O1-A2, 4 as O2-A2, and 1 as O2-A3). Thus, the revision
of the initial diagnosis of PD can occur during a follow-
up, and changes in diagnosis of PD are most commonly a
result of the development of additional atypical features
suggesting parkinsonisms.5,6 Our findings are consistent
with previous studies5,6 that showed that a number of
patients initially diagnosed as having PD were later found
to have an alternative diagnosis as a result of the develop-
ment of atypical clinical features. A recent review and
meta-analysis2 showed that the overall quality of clinical
diagnosis of PD was inadequate, even in tertiary centers
with movement disorders experts, thus suggesting the
need for easily accessible biomarkers of disease to support
clinical diagnosis in vivo.
In the past few years, MRPI has been widely pro-

posed to support clinicians in the difficult task of differ-
entiating clinically patients with PSP from those with
PD or those with other parkinsonisms.14-26 A recent
study12 from the MDS-endorsed group for PSP stated
that the P/M and MRPI were the most reliable bio-
markers for diagnosing PSP-RS both in the early and
late stages of the disease. However, the use of MRPI in
clinical practice has been limited because the manual
calculation of this combined measurement is operator
dependent and time consuming. A large multicenter
study in Italy recently introduced a new accurate fully
automated method for MRPI calculation that does not
require the manual segmentation of brain regions
involved in the calculation of the index.38

To date, only a few studies have focused on evaluat-
ing the accuracy of MRPI for differentiation of patients
with PSP-P from those with PD.18,26,30 Some authors
reported a low sensitivity of this biomarker in differen-
tiating PSP-P from PD,18,30 a finding confirmed by a
study in a larger cohort of PSP-P patients.26 Recently,
we demonstrated that a new version of MRPI (MRPI
2.0) was highly accurate in differentiating patients with
PSP-P from those with PD and controls.26 This version
included the measurement of the 3rdV width in the cal-
culation, a brain structure that has been reported to be
enlarged in patients with PSP.26,40

Consistent with our previous data,14,17,23,26,38 in the
current study no patients with initial diagnosis of PD
showed abnormal morphometric MR measurements
(P/M 2.0, MRPI, and MRPI 2.0) at baseline evaluation
in comparison with controls with the exception of P/M,
which showed higher values in PD than in controls, a
finding probably a result of the slight reduction of the
midbrain area that may be observed in PD patients.41

At baseline evaluation, P/M, P/M 2.0, and MRPI
values of PSP-P patients were significantly higher than
values of patients with PD, with overlapping values
between the 2 groups. In contrast, baseline MRPI 2.0
values had no overlap between PD and PSP-P patients

(Fig. 1), and this biomarker showed the best perfor-
mance with an accuracy of 100% in differentiating
patients who maintained initial diagnosis of PD from
those who changed diagnosis from PD to PSP-P.
MRPI had the worst performance (accuracy, 74.6%),
whereas P/M (accuracy, 87.3%) and P/M 2.0 (accu-
racy, 99.1%) showed an intermediate performance
in differentiating PD patients from patients with
PSP-P.
Our findings demonstrate the usefulness of these new

imaging biomarkers, and specifically of the MRPI 2.0, in
predicting the development of VGA and the clinical evolu-
tion towards PSP phenotypes in patients with the initial
diagnosis of PD. These biomarkers could help clinicians
identify very early those patients who may change the ini-
tial diagnosis from PD to PSP-P, thus impacting on patient
counseling, prognosis, and therapeutic strategies. On this
basis, the use of accurate biomarkers may enable clinical
trials to be performed at early stages of disease when new
therapies are most likely to be efficacious. Further longitu-
dinal studies in larger cohorts are warranted.42

At the end of the follow-up period, MRPI, P/M 2.0,
and MRPI 2.0 accurately differentiated (sensitivity
and specificity of 100%) patients with PSP-P from
those with PD without an overlap of individual
values. This result highlights the usefulness of these
biomarkers also in supporting the clinical diagnosis of
PSP-P. Unlike our previous study,26 which showed a
better performance of MRPI 2.0 than MRPI (96.6%
vs 88.5%, respectively) in differentiating PSP-P from
PD, in the current study both biomarkers had a very
high accuracy (100%) in differentiating between these
2 patient groups at the end of follow-up. This discrep-
ancy in MRPI performance can be the result of the
smaller sample size of PSP-P analyzed in the current

PD PSP−P

MRPI 2.0, baseline

p<0.001*

PD PSP−P

0
1

2
3

4
5

0
1

2
3

4
5

MRPI 2.0, follow−up

p<0.001*

FIG. 1. Box plots of baseline and follow-up Magnetic Resonance Par-
kinsonism Index 2.0 (MRPI 2.0) measurements in patients who main-
tained diagnosis of Parkinson’s disease at the end of follow-up
(PD) and in those who developed clinical signs of progressive supranuc-
lear palsy-parkinsonism during the follow-up (PSP-P). Vertical solid lines
(whiskers) show lower and upper values. Box stretches from lower
hinge (25th percentile) to upper hinge (75th percentile). The median is
shown as a line across each box. *Two-sample t test with Bonferroni
correction.
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study than that (34 PSP-P patients) evaluated in the
previous study.
In all patients who maintained a PD phenotype, all

morphometric values did not vary significantly between
the baseline and the end of the follow-up period,
whereas these values increased significantly in the same
period of time in patients who changed the initial diag-
nosis from PD to PSP-P. When the interaction between
time (baseline vs follow-up) and status (PD vs PSP-P)
was considered, we found that PD patients who devel-
oped signs of PSP-P showed a faster course of the disease
during the follow-up period than patients who did not
have a change in the initial diagnosis of PD. This more
rapid disease progression rate was reflected in the change
of morphometric values at 4-year follow-up when
patients with PSP-P were scored significantly worse
(P < .001) than those with PD (Table 2 and Fig. 2A).
Moreover, in the PSP-P group, MRPI 2.0 values
increased by 49.0% at the end of follow-up when com-
pared with baseline, whereas the worsening of the other
biomarkers values was smaller with values progressively
increasing from 24.0% (P/M) to 33% (P/M 2.0) up to
39.0% (MRPI). The UPDRS-ME scores showed a simi-
lar increase between baseline and follow-up (37.0%) to
that observed with morphometric measures, thus indicat-
ing a close relationship between the extent of clinical
worsening and the increase in imaging biomarkers
values. By contrast, in patients who maintained initial
diagnosis of PD, the morphometric values did not
change significantly between baseline and follow-up,
whereas the clinical scales worsened in the same period
of time, thus suggesting that the current imaging bio-
markers do not reflect disease progression in PD.
To the best of our knowledge, this is the first study to

assess the relationship between changes in MRI morpho-
metric values and the progression rate of PSP-P during a
4-year follow-up. Although this result may be of great
interest for the evaluation of future therapies on the pro-
gression of the disease using reliable, objective, and
operator-independent MRI measurements, the small sam-
ple size limits the general applicability of our findings.

There are some limitations to this study. First, the lack
of a neuropathological confirmation of the diagnosis
could lead to a misclassification of patients. However,
our clinical diagnoses for PD and PSP-P were performed
according to consensus diagnostic criteria,11,31 and all
patients included in our study were evaluated in a stan-
dard fashion by one of the authors (M.M.) who had
more than 10 years of experience in the diagnosis of
movement disorders. Although new clinical diagnostic
criteria for PD have been recently proposed43 and very
recently validated,44 these criteria have not been used in
our patients because the patient recruitment ended
before the publication of the new diagnostic criteria.
Second, the abnormalities of vertical saccades may occa-
sionally be present both in aging and in vascular parkin-
sonism. However, no patients had brain vascular
lesions, and all patients who developed VGA had high
MRPI values, whereas MRPI was reported to be within
normal values in older participants41 and vascular par-
kinsonism.45 Third, VGA can also appear very late dur-
ing the natural history of PSP-P.7-10 Thus, it is possible
that some patients with a probable diagnosis of PD
could develop VGA later, requiring a longer follow-up.
Fourth, the sample size of PD patients who had a
change in the initial diagnosis from PD to PSP-P during
the follow-up (10 of 110 PD patients) was small, and it
cannot be concluded with certainty that MRPI 2.0,
which showed the best performance in our cohort, will
have a similar good performance in a different group of
individuals. Further longitudinal studies in independent
larger cohorts are needed to confirm our findings.
Finally, our patients underwent an MR imaging exami-
nation with a 3 T scanner, which is not always avail-
able in movement disorder clinics. However, previous
studies on MRPI using a 3 T scanner38,46 showed simi-
lar results to those obtained with scanners at a lower
magnetic field for MRPI measurements in patients with
PD and PSP.
In conclusion, the results of our study demonstrate

that a number of patients with an initial clinical diagno-
sis of PD developed VGA without early postural

TABLE 3. Performances of P/M, P/M 2.0, MRPI, and MRPI 2.0 measurements in differentiating patients with Parkinson’s
disease from patients with progressive supranuclear palsy-parkinsonism at baseline and follow-up

Performance Measures

Baseline, PD vs PSP-P 4-year follow-up, PD vs PSP-P

P/M P/M 2.0 MRPI MRPI 2.0 P/M P/M 2.0 MRPI MRPI 2.0

Cutoff value ≥ 4.34a ≥ 0.87a ≥ 9.89a ≥ 2.13a ≥ 4.87a ≥ 1.01a ≥ 12.90a ≥ 2.88a

Sensitivity, % 90.0 100 100 100 100 100 100 100
Specificity, % 87.0 99.0 72.0 100 96.0 100 100 100
PPV, % 40.9 90.9 26.3 100 71.4 100 100 100
NPV, % 98.9 100 100 100 100 100 100 100
Accuracy, % 87.3 99.1 74.6 100 96.4 100 100 100

PD, patients who maintained initial diagnosis of PD at the end of follow-up; PSP-P, patients with initial diagnosis of PD at baseline who developed vertical gaze
abnormalities during the follow-up; P/M, pons/midbrain area ratio; MRPI, Magnetic Resonance Parkinsonism Index; PPV, positive predictive value; NPV, negative
predictive value.
aOptimal cutoff values were determined using receiver operating characteristics curve analysis.
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instability during a follow-up period of 4 years, thus
allowing the initial diagnosis to be refined from PD to
PSP-P. MRPI 2.0 was the most accurate biomarker,
more powerful than clinical variables, in predicting the
development of signs of PSP-P in patients with an initial
clinical diagnosis of PD.

Acknowledgment: The authors thank the patients for their participa-
tion in the study.
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