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Parkinson  

disease 

Progressive  

supranuclear  

palsy 

Multiple  

system  

atrophy 

Differential 

diagnosis 



Clinical research criteria for the diagnosis of progressive 

supranuclear palsy (Steele-Richardson-Olszewski syndrome): 

report of the NINDS-SPSP International Workshop 

I. Litvan, Y  Agid, D. Calne, G. Campbell, B. Dubois, R.C. Duvoisin, C.G. Goetz, L.I. Golbe,         

J. Grafman, J.H. Growdon, M. Hallett, J. Jankovic, N.P. Quinn, E. Tolosa, D.S. Zee. 

Views & Reviews 

1996;47:1-9 

 

Vertical supranuclear gaze palsy  

or  

Postural instability with falls in the first year of onset  

and slowing of vertical saccades 
 

  

Postural instability with falls in the first year of onset  

and vertical supranuclear gaze palsy 

 

Possible 

PSP 

Probable 

PSP 











Diagnosis ????? 

PSP ? PD ? 

Litvan I et al. Neurology 1996;47:1-9 

Gelb DJ et al. Arch Neurol 1999;56:33-9 



2016;86:566-76 

Giovanni Rizzo, MD 

Massimiliano Copetti, PhD 

Simona Arcuti, PhD 

Davide Martino, MD 

Andrea Fontana, MSc 

Giancarlo Logroscino, MD 



Interpeduncular fossa enlargement 
 

Yekhlef F et al. J Neural Transm 2003;110:151-69 

Aqueduct enlargement with  
gray matter hyperintensity   

 

Savoiardo M et al. J Neural Transm 1994;42:93-110 

Atrophy of the superior colliculi  
with intercollicular sulcus enlargement 

 

Colosimo C et al. Radiol Med 2003;106:19-23 

Atrophy or signal  
increase in red nuclei 

 

Asato R et al. J Neurol Transm 2000;107:1427-36 

MR midbrain signs in PSP 

Morning Glory sign 
 

Adachi M et al. Magn Reson Med Sci 2005;3:125-32 

Abnormal superior profile of the midbrain 
 

Righini A et al. AJNR 2004;25:927-32 

Hummingbird Sign 
 

Kato N et al. J Neurol Sci 2003;210:57-60 



Progressive supranuclear palsy Parkinson disease 



Progressive supranuclear palsy Parkinson disease 



2014;29:488-95 



Infratentorial 
abnormalities 

MR signs of MSA 

Hot cross bun sign 
 

Savoiardo M et al. Radiology 1990;174:693-6 

Pons and cerebellar atrophy 
 

Schulz JB et al. J Neurol Neurosurg Psychiatry 1994;57:1047-56 

MCP atrophy 
 

Nicoletti G et al. Radiology 2006;239:825-30 

Basal ganglia 

abnormalities 

Putaminal hypointensities 
 

Vymazal J et al. Radiology 1999;211:489-95 

Hyperintense putaminal rim sign 
 

Schrag A et al. J Neurol Neurosurg Psychiatry 1998;65:65-71 



2010;16:2728-34 

TE=15 msec 

Putaminal 

hypointensities 

CTRL 0 % 

PD 5.3 % 

PSP 24.4 % 

MSA 35 % 

CTRL PD 

PSP MSA 

An Magnetic Resonance Imaging T2*-Weighted Sequence at Short  

Echo Time to Detect Putaminal Hypointensity in Parkinsonisms 
 

Gennarina Arabia, MD, MSc, Maurizio Morelli, MD, Sandra Paglionico, MD, 

Fabiana Novellino, MD, Maria Salsone, MD, Laura Giofrè, MD, Giusi Torchia, STC,  

Giuseppe Nicoletti, MD, Demetrio Messina, MD, Francesca Condino, PhD,  

Pierluigi Lanza, MD, Olivier Gallo, STC, and Aldo Quattrone, MD  



Control Control Parkinson disease 

MSA-P MSA-C 

2006;239:825-30 

MR Imaging of Middle Cerebellar 

Peduncle Width: Differentiation of 

Multiple System Atrophy from 

Parkinson Disease 



Measurement of the middle  

cerebellar peduncles width 



Probable 
MSA 

Possible 
MSA 

Gilman S. et al. 

2008;71:670-6 

Second consensus statement on the  

diagnosis of multiple system atrophy  



2001;58:1076-9 

PSP (n = 16) MSA-P (n = 14) PD (n = 20) Controls (n = 12) 

Midbrain diameter, mm 13.4 (11-15) 16.7 (14-19) 18.5 (17-19) 18.2 (17-20) 

 

Measurement of the Midbrain Diameter on Routine 

Magnetic Resonance Imaging 
               

A Simple and Accurate Method of Differentiating Between Parkinson Disease  

and Progressive Supranuclear Palsy 
 

Monika Warmuth-Wetz, MD; Markus Naumann, MD; Ilona Csoti, MD; Laszlo Solymosi, MD  

Original Contribution 



2004;25:927-32 

PD (n = 27) PSP (n = 25) 
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Midbrain area   

Oba H et al. 

2005;64:2050-5 

Quattrone A et al. 

2008;246:214-21 

Controls 

(n = 50) 

MSA-P 

(n = 19) 

PD 

(n = 108) 

PSP 

(n = 33) 

40 

60 

80 
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140 

160 

mm2 

PSP 

(n = 21) 

PD 

(n = 23) 

MSA-P 

(n = 25) 

Controls 

(n = 31) 

mm2 



Superior cerebellar peduncles width   

Control PSP 



Diffusion Tensor Magnetic Resonance Imaging 

Tractography in Progressive Supranuclear Palsy 

Elisa Canu, MSc, Federica Agosta, MD, Francesca Baglio, MD, Sebastiano 

Galantucci, MD, Raffaello Nemni, MD, Massimo Filippi, MD.  
2011;26:1752-55 



Measurement of the superior  

cerebellar peduncles width 



Quattrone A et al. 

2008;246:214-21 

Superior cerebellar peduncles width   

Controls 

(n = 50) 

MSA-P 

(n = 19) 

PD 

(n = 108) 
PSP 

(n = 33) 

1.5 

2 

2.5 
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mm 



2005;64:2050-5 

M/P 

PSP vs non PSP 

M/P cutoff < 0.15 

Sensitivity 100% 

Specificity 100% 

PSP 

(n = 21) 

PD 

(n = 23) 

MSA-P 

(n = 25) 

Controls 

(n = 31) 

New and reliable MRI diagnosis for 

progressive supranuclear palsy 
 

H. Oba, MD; A. Yagishita, MD; H. Terada, MD; A.J. Barkovich, MD;  

K. Kutomi, MD; T. Yamauchi, MD; S. Furui, MD; T. Shimuzu, MD; M. Uchigata, MD; 

 K. Matsumura, MD; M. Sonoo, MD; M. Sakai, MD; K. Takada, MD; A. Harasawa, MD;  

K. Takeshita, MD; H. Kohtake, MD; H. Tanaka, MD; and S. Suzuki, MD 



Measurements of the pons and midbrain areas 



Penguins and hummingbirds: Midbrain  

atrophy in progressive supranuclear palsy 

K. Gröschel, MD; A. Kastrup, MD; I. Litvan, MD; J.B. Schulz, MD 

2006;66:949-50 

6% PSP group 

showed an overlap 

with the control group 

Controls 

n = 22 

CBD 

n = 18  
PSP 

n = 33 



2008;246:214-21           

PCM 

PCS 

_____ 

M 

P 
X 

 ___ 

MR Imaging Index for differentiation of Progressive 

Supranuclear Palsy from Parkinson disease and the 

Parkinson variant of Multiple System Atrophy 

Quattrone A, Nicoletti G, Messina D, Fera F, Condino F, Pugliese P, Lanza P, Barone P, Morgante L, 

Zappia M, Aguglia U, Gallo O. 

MRPI = 
Controls 
(n = 50) 

MSA-P 
(n = 19) 

PD 
(n = 108) 

Probable 

PSP 
(n = 17) 

Possible 

PSP 
(n = 16) 

10 

20 

30 

40 

13.55 



Accuracy of Magnetic Resonance Parkinsonism Index 

for differentiation of Progressive Supranuclear Palsy 

from probable or possible Parkinson disease 
Morelli M, Arabia G, Salsone M, Novellino F, Giofrè L, Paletta R, Messina D,  

Nicoletti G, Condino F, Gallo O, Lanza P, Quattrone A. 2011;26:527-33 

MRPI M/P 

PSP vs probable PD 

Accuracy (%) 99.5 86.8 

PSP vs possible PD 

Accuracy (%) 99.4 88.2 

PSP vs control subjects 

Accuracy (%) 100 95 

Controls 

(n = 38) 

Possible PD 

(n = 128) 

Probable PD 

(n = 170) 

PSP 

( n = 42) 

0.40 

0.35 

0.30 

0.25 

0.20 

0.15 

0.10 

M/P 
MRPI 
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Controls 

(n = 38) 
Possible PD 

(n = 128) 

Probable PD 

(n = 170) 

PSP 

( n = 42) 



2014;29:488-95 

Effect of aging on MR measures differentiating Progressive 

Supranuclear Palsy from Parkinson disease 

Maurizio Morelli, Gennarina Arabia, Demetrio Messina, Basilio Vescio, Maria Salsone, Carmen Chiriaco,  

Paolo Perrotta, Federico Rocca, Lucio Cascini, Gaetano Barbagallo, Salvatore Nigro, Aldo Quattrone. 

CTRL 

M/P MRPI 

PD 

PSP 

Age 

Age Age 

Age 

Age Age 



DAT-SPECT 

MIBG Scintigraphy 

	

	

N ucleo Caudat o

Emisfero destro (rosso) Emisfero sinist ro (blu) Dat i Normat ivi

Volume [ml] 5.22 4.43 [ 2.75 - 6.38 ]

Di↵usivit à [10− 4mm2s− 1] 12.62 12.42 [ 7.71 - 11.58 ]

7

Basal ganglia, mean diffusivity  

BRAIN MRI 

Pons area: 540 mm2 

Midbrain area: 104 mm2 

MCP width: 8.0 mm 

SCP width: 3.49 mm 

M/P: 0.19 

MRPI: 11.89 



2016;37:591-5 

Midbrain area, mm2 SCP width, mm MRPI 



 
- Pons area: 490 mm2 
- Midbrain area: 82 mm2 

- MCP width: 8.55 mm 
- SCP width: 2.71 mm 

- M/P: 0.16 

- MRPI: 18.83 



MRI measurements predict PSP in unclassifiable parkinsonisms  
A cohort study 

M. Morelli, G. Arabia, F. Novellino, M. Salsone, L. Giofrè, F. Condino, D. Messina, A. Quattrone. 
2011;77:1042-1047 

Clinically unclassifiable parkinsonisms 

(CUP) 

n = 45 

Index test = MRPI 

n = 45 

MRPI < 13.55 

n = 30 

MRPI ≥ 13.55 

n = 15 

Follow-up  

clinical evaluation* 

n = 28 

Follow-up  

clinical evaluation** 

n = 14 

No PSP (CUP) 

n = 28 

PSP 

n = 0 

No PSP (CUP) 

n = 3 

PSP 

n = 11 

Drop-out 

n = 2 

Death 

n = 1 

 * Duration of clinical follow-up: 29.6 ± 10.1 months (range 24-60) 

** Duration of clinical follow-up: 26.1 ± 14.6 months (range 6-48)  

Baseline evaluation Accuracy % 

Clinical features 

Isolated postural instability with falls in 

the first year of disease 
73.8 

Slowness of vertical saccades 61.9 

Postural instability with falls after the 

first year of the disease and slowness  

of vertical saccades 

76.2 

Freezing in the first 3 years of disease  45.2 

MRI features 

MRPI value ≥ 13.55 92.9 



Follow-up evaluation 

 
- Pons area: 480 mm2 
- Midbrain area: 77 mm2 

- MCP width: 8.1 mm 
- SCP width: 2.62 mm 

- M/P: 0.16 

- MRPI: 19.26 



2009; 8: 270-9 

+ - 

Richardson syndrome 
(PSP-RS) 

PSP-parkinsonism 
(PSP-P) 

Review 

Progressive supranuclear palsy: clinicopathological concepts  

and diagnostic challenges 
 
David R Williams, Andrew J Lees  

Clinical features 

suggestive of PSP Within 2 years of disease After 2 years of disease 

Tau protein 



2011;26:247-55 

PSP-RS 

(n = 10) 

Controls 

(n = 24) 

PD 

(n = 25) 
PSP-P 

(n = 10) 

PSP-RS 

(n = 10) 

Controls 

(n = 24) 

PD 

(n = 25) 

PSP-P 

(n = 10) 



PSP-P vs. PD 

PSP-P vs. MSA 

2010; 3: 357-62 



Onset in PSP-P patients  

 

 

 

 

From 7 to 19 years (mean, 10.8 years)  

2014;14:1758-66 

Vertical Supranuclear  

Gaze Palsy 

(VSGP)  



Quattrone et al. 

2016;87:1266-73 

PSP-P 

n = 24 

Baseline evaluation 

(clinical examination and MRI measurements) 

n = 24 

Follow-up clinical evaluation  

every 6 months for 4 years  

n = 21 

PSP-P  

developing VSGP  

n = 11 

Drop-out 

n = 3 

PSP-P not  

developing VSGP   

n = 10 

Follow-up  

MRI measurements 

n = 9 

Follow-up  

MRI measurements 

n = 7 
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Abstract

Objectives To investigate the reliability of a new in-house

automatic algori thm for calculati ng the Magnetic

Resonance Parkinsonism Index (MRPI), in a large

multicentre study population of patients affected by pro-

gressive supranuclear palsy (PSP) or Parkinson’s disease

(PD), and healthy controls (HC), and to compare the

diagnostic accuracy of the automatic and manual MRPI

values.

Methods The study included 88 PSP patients, 234 PD pa-

tients and 117 controls. MRI was performed using both 3T

and 1.5T scanners. Automatic and manual MRPI values

were evaluated, and accuracy of both methods in

distinguishing PSP from PD and controls was calculated.

Results No statistical differences were found between auto-

mated and manual MRPI values in all groups. The automatic

MRPI valuesdifferentiated PSPfrom PD with an accuracy of

95%(manual MRPI accuracy 96%) and 97%(manual MRPI

accuracy 100 %) for 1.5T and 3T scanners, respectively.

Conclusion Our study showedthat thenew in-houseautomat-

ed method for MRPI calculation was highly accurate in

distinguishing PSP from PD. Our automatic approach allows

a widespread use of MRPI in clinical practiceand in longitu-

dinal research studies.

SalvatoreNigro and GennarinaArabiacontributed equally to thiswork.
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Abstract

Objectives To investigate the reliability of a new in-house

automatic algori thm for calculati ng the Magnetic

Resonance Parkinsonism Index (MRPI), in a large

multicentre study population of patients affected by pro-

gressive supranuclear palsy (PSP) or Parkinson’s disease

(PD), and healthy controls (HC), and to compare the

diagnostic accuracy of the automatic and manual MRPI

values.

Methods The study included 88 PSP patients, 234 PD pa-

tients and 117 controls. MRI was performed using both 3T

and 1.5T scanners. Automatic and manual MRPI values

were evaluated, and accuracy of both methods in

distinguishing PSP from PD and controls was calculated.

Results No statistical differences were found between auto-

mated and manual MRPI values in all groups. Theautomatic

MRPI valuesdifferentiated PSPfrom PD with an accuracy of

95%(manual MRPI accuracy 96%) and97%(manual MRPI

accuracy 100 %) for 1.5T and 3T scanners, respectively.

Conclusion Our study showedthat thenew in-houseautomat-

ed method for MRPI calculation was highly accurate in
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awidespread useof MRPI in clinical practiceand in longitu-
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Scanner  Cutoff and statistical value Automatic MRPI Manual MRPI 

PSP vs. PD 

1.5 T Cutoff value >13.42 >13.43 

Accuracy (%) 95.76 96.61 

PSP vs. PD 

3 T Cutoff value >13.42 >13.37 

Accuracy (%) 97.40 100 

2016 [Epub ahead of print] 



Conclusions 

 

- Measurement of middle cerebellar peduncle width on MR images may be useful for distinguishing  patients with MSA 

from those with PD 

 

- The Magnetic Resonance Parkinsonism Index can help distinguish patients with PSP from those with PD and MSA on 

an individual basis  

 

- The Magnetic Resonance Parkinsonism Index is more powerful than clinical features in predicting the evolution of 

unclassifiable parkinsonisms toward PSP phenotypes 

 

- The Magnetic Resonance Parkinsonism Index accurately predicted, on an individual basis, the appearance of  vertical 

supranuclear gaze palsy in patients with PSP-P, thus confirming clinical diagnosis in vivo 
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