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Measurements of Brain Stem and Cerebellum on Brain MRI: for the
Differential Diagnosis Between Multiple System Atrophy and
Idiopathic Parkinson’s Disease

Sang-Jun Na, M.D., Ji-Hyung Park, M.D., Hyun Sook Kim, M.D., Ji-Man Hong, M.D.,
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Background: Multiple system atrophy (MSA) and idiopathic Parkinson’s disease (IPD) are two common neuro-
degenerative disorders presenting with parkinsonism. Since a brain MRI study is an available method for differentiating
MSA from IPD, we tried to find further values of brain MRI studies in differentiating MSA from IPD. Methods: We
measured anteroposterior and transverse diameters (AD and TD, respectively) of the brain stem of T2-weighted axial
images. We graded the severity of atrophy (grade 0: none; grade 1: mild; grade 2: moderate; and grade 3: severe) of
cerebellar vermis and hemispheres on the midsagittal and parasagittal planes. Results: There were 36 patients with
probable MSA and 40 patients with IPD. We calculated a parameter multiplying AD of the midbrain by TD of the
midbrain. The mean of the AD x TD of the midbrain was 1007.5+161.8 mm’ in patients with MSA, and it was
significantly smaller than that of those with IPD (1113.3+£118.7 mm’). When the cut off value was decided as 1050 mm’,
the sensitivity of the parameter for the diagnosis of MSA was 83.3% and specificity was 80%. The frequency of cerebellar
atrophy was 72.2% in patients with MSA, and it was significantly higher than that of those with IPD (37.5%).
Conclusions: Measurements of the brain stem, particularly the midbrain, and cerebellum areas on brain MRI are helpful
methods for the differential diagnosis of patients with MSA from those with IPD.
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Figure 1. Measurements on axial T2- weighted magnetic resonance images. 1 and 2 are anteroposterior and transverse diameters of

medulla, 3 and 4 are anteroposterior and transverse diameters of pons, 5 and 6 are anteroposterior and transverse diameters of

midbrain.
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Figure 2. Grading of cerebellar atrophy. Atrophy of cerebellar vermis / hemisphere graded as (A)/(E) grade 0 (none), (B)/(F) grade 1
(mild), (C)/(G) grade 2 (moderate), (D)/(H) grade 3 (severe).
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Table 1. Characteristics of patients with idiopathic Parkinson's disease and multiple system atrophy

IPD (n=40) MSA (n=36) MSA-P (n=22) MSA-C (n=14)
Male : female 18:22 15:21 9:13 6:8
Mean age (+SD, R) (years) 62 (£12, 38-75) 56 (11, 41-79) 55 (£9, 44-79) 57 (8, 41-75)
Mean disease duration (+SD, R) (years) 6 (4, 1-19) 5 (%2, 1-9) 4 (£2, 1-7) 6 (£2, 1-8)
H & Y stage (#SD, R) 24 (0.7, 1-4) 2.6 (x0.6, 1-4) 2.7 (0.7, 1-4) 2.5 (x0.8, 1-4)

IPD; idiopathic Parkinson's disease, MSA; multiple system atrophy, MSA-P; striatonigral degeneration type of MSA, MSA-C;
olivopontocerebellar atrophy type of MSA, R; range, SD; standard deviation, H & Y stage; modified Hoehn and Yahr stage
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Table 2. The values of anteroposterior and transverse diameters of the brain stem areas on T2 weighted brain MRI scan studies in
differential diagnosis between patients with idiopathic Parkinson's disease and multiple system atrophy

IPD (n=40) MSA (n=36) p-value Cut off value Sensitivity Specificity

Midbrain

AD 27.243.7 mm 25.844.5 mm <0.05 26.3 mm 63.80% 77.50%

D 41.146.5 mm 38.8+5.2 mm <0.05 40.5 mm 63.80% 67.50%
Pons

AD 25.6+6.3mm 24.5+2.1 mm <0.05 25.0 mm 66.70% 62.50%

TD 30.0£4.2 mm 29.742.5 mm NS - - -
Medulla

AD 16.0+1.2 mm 15.8+1.4 mm NS - - -

TD 16.6+1.2 mm 18.4+1.2 mm NS - - -

IPD; idiopathic Parkinson's disease, MSA; multiple system atrophy, NS; not significant, AD; anteroposterior diameter, TD; transverse

diameter independent t-test

Table 3. Parameters obtained by multiplying diameters of the brain stem areas for the differential diagnosis between idiopathic
Parkinson's disease and multiple system atrophy

IPD (n=40) MSA (n=36) P-value Cut off value Sensitivity Specificity
Midbrain ADxMidbrain TD 1113.3£118.7 mm®  1007.5£161.9 mm’ <0.05 1050 mm’ 83.3% 80.0%
Midbrain ADxPons AD 696.0485.2 mm’ 634.74£91.6 mm® <0.05 663 mm’ 76.9% 75.8%
Midbrain TDxPons AD 104631152 mm®  951.6+153.5 mm’ <0.05 782 mm’ 75.5% 72.8%
Pons ADxPons TD 767.6+84.4 mm’ 727.0+88.6 mm’ NS - - -

IPD; idiopathic Parkinson's disease, MSA; multiple system atrophy, NS; not significant, AD; anteroposterior diameter, TD; transverse

diameter independent t-test
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Table 5. Comparisons of degree of cerebellar atrophy between patients with idiopathic Parkinson's disease and multiple system atrophy

Degree of atrophy Cerebellar vermis

Cerebellar hemisphere

P-value P-value
(grade) IPD (n=40) MSA (n=36) IPD (n=40) MSA (n=36)
0 26 13 <0.05 31 18 <0.05
1 14 15 <0.05 9 14 <0.05
2 0 7 3
3 1
IPD; idiopathic Parkinson's disease, MSA; multiple system atrophy
Table 6. Cerebellar areas affected more severely in patients with b= Aa =27 wj&ol MRI T2 7% Jatol A w3

idiopathic Parkinson's disease and multiple system atrophy

Brain MRI finding Number of Number of
IPD (%) MSA (%)

Normal 5 (62.5%) 10 (27.8%)
Atrophy 15 (37.5%) 26 (72.2%)
Vermis > Hemisphere 4 (10.0%) 12 (33.3%)
Vermis = Hemisphere 8 (20.0%) 9 (25.0%)
Vermis < Hemisphere 3 (7.5%) 5 (13.9%)
Total 40 (100%) 36 (100%)

IPD; idiopathic Parkinson's disease, MSA; multiple system atrophy
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Figure 3. Scattering graph of anteroposterior diameter transverse
diameter (mm’) in midbrain. IPD; idiopathic Parkinson's disease,
MSA; multiple system atrophy.
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