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An attempt to create a diagnostic algorithm in Parkinson’s disease-related
disorders using quantitative variables of nuclear medical imaging
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Objective: To create a diagnostic algorithm and evaluate severity using nuclear medical imaging in patients with
Parkinson’s disease (PD)-related disorders.

Methods: Forty-seven patients with PD, 17 patients with progressive supranuclear palsy (PSP), and 5 patients
with multiple system atrophy (MSA) were studied. By applying a machine learning method to data from meta-
iodobenzylguanidine (MIBG) myocardial scintigraphy or dopamine transporter (DAT) scintigraphy, we tried to
create a diagnostic algorithm to assist in the differential diagnosis of patients with PD, PSP, and MSA. We also
searched for quantitative values in these images that could reflect the severity of PD-related disorders.

Results: The three disease groups were not significantly different in age, gender, disease duration, or severity.
Compared to patients with PSP and those with MSA, patients with PD had a significantly reduced
heart/mediastinum (H/M) ratio in early and/or delayed images on MIBG myocardial scintigraphy. A differential
diagnostic algorithm using MIBG myocardial scintigraphy showed that all patients with an H/M ratio (early image)
of less than 2.36 and a washout rate of 31.2 or more had PD. In contrast, all patients with PSP had an H/M ratio
(early image) of 2.36 or higher. In building an algorithm for differential diagnosis using DAT scintigraphy, we
found that more than half of patients with PSP had a specific binding ratio (SBR) of less than 2.615, and the
frequency was higher in PSP than in the other two diseases. The severity of PD-related disorders was not
significantly correlated with any other variable except the degree of SBR.

Conclusion: Nuclear medical imaging might be useful in the establishment of a diagnostic algorism and severity
assessment of PD-related diseases.

Key words —— MIBG myocardial scintigraphy, DAT scintigraphy, Parkinson’s disease, progressive supranuclear
palsy, and multiple system atrophy

& L & HERET LLEDPD D,

25

Zr oL LT

i MRI B{&12hn 2 TREE SR & L ¢ MIBG -LAh

X—F v »9% (Parkinson’s disease: PD) &, VIFT T T AR EENIVINTVAR-F —
HEFT AL _EERRE (Progressive supranuclea palsy: (dopamine transporter; DAT) ¥ > F 275 7 4 —7%

Hwbihs.

PSP) X% %fnZkiiE (Multiple system atrophy:
MSA) 7 &ED8—F% 2 ViERERE (Parkinsonian
syndrome; PS) 1%, & & IZHEMRIEEE IR 2 FEfE AR
EL) D720, BRIEROATENEZIT) 2 &H
R RGENH L. 12 L L, WEIXEE ST
RTFEPREL B D20, BENER LHEN

S HUILEERHBE R R AR 24T, 0 IR BB R A2 B 2T
LA AR

*e-mail: j-fujimori@tohoku-mpu.ac.jp

MIBG LY v F 275 7 4 — 20 %E LR L Tw»
LD B R D 534G & F OFEE L B D R F
ETHhDH. FWIMGE RGN/ R
(H/M) B LWL (washout) 2% HI%E T
%52 & TMIBCEBORREZFMS 5. PDX
Lewy /MERIZZHIGE (dementia with Lewy bodies;
DLB) 7 &® Lewy /IMEJE TI3 Lol 5 &A% 0 22
P PSR S, MIBG £/ 2K T3 5. PD
Tt 80~90% D HEH 2B\ T MIBG $EENET L,



26 AFY

Al MR e R —HB
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Table 1. Comparison of clinical findings in patients examined with only MIBG, only DAT, and both MIBG and DAT

scintigraphy among patients with PD, PSP, and MSA.

PD P values
MIBG (n=31) DAT (n=5) MI](BHG:I%AT MESAGTVS. MIBG I\;Irlléé’l‘ vs.  MIBG ];LETAT vs.
Age 72 (67-178) 68 (61—280) 69 (59-79) 0.9656 0.9928 1
Sex (F, M) 19, 12 1,4 6,7 0.1934
Duration 2 (1-6) 058 (054-3) 1 (0.92-225) 0.3378 0.4081 0.7735
Yahr 4 (3-5) 4 (3-45) 3 (3-35) 0.9947 0.1847 0.4645
PSP P values
MIEG (1=6) DAT (n=9) NH%i;R?T kﬁiggs RHB%LEST\@. NHB%&??TVS
Age 69 (68—75) 73 (68-176) 69, 76 06121 0.6823 0.9696
Sex (F, M) 4,2 4,5 0,2 0.2556
Duration 15 (1-4) 3 (15-3085) 1,158 0.7085 0.9328 0.3819
Yahr 4 (4-4) 4 (3-4) 3,4 0.4483 0.3186 0.9907
MSA
MIBG (1=2)* DAT =1+ MPOTDAT
Age 58, 75 76 72,78
Sex (F, M) 2,0 1,0 0,2
Duration 2,4 15 1,2
Yahr 3,4 4 3,4

PD: Parkinson’s disease; PSP: progressive supranuclear palsy; MSA: multiple system atrophy; duration: disease duration, Yahr: Hoehn
and Yahr scale; MIBG: patients examined only with MIBG scintigraphy, DAT: patients examined only with DAT scintigraphy,
MIBG+DAT: patients examined with MIBG and DAT scintigraphy. Quantitative variables are described as the median (interquartile
range). *Data obtained from two or fewer cases are shown as raw data. Comparisons of numerical variables between three disease
groups were performed by the Steel-Dwass test.
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Table 2. Comparison of clinical and radiological findings among patients with PD, PSP, and MSA.

.. . P values
Clinical findings PD (n=47) PSP (n=17) MSA (n=5)
PD vs. PSP | PSP vs. MSA | PD vs. MSA
Age 69 (65-78) 73 (685—75) 75 (65—-"77) 0.7723 0.9024 0.9665
Sex (F, M) (26, 23) (8,9) (3,2 0.8537
Duration (year)| 179 (1-325) 2 (1-3) 2 (125-3) 0.7360 0.9964 09217
Yahr 3 (3-5) 4 (3-4) 4 (3-4) 08715 0.8661 0.9947
MIBG PD (n=42) PSP (n=8) MSA (n=4)* | PD vs. PSP | PSP vs. MSA | PD vs. MSA
H/M (early) 1.8 (15-225) 303 (256-312) |2595 (191-319) 0.0005 0.6187 0.0882
H/M (delayed) 1409 (1.29-1978) | 292 (2663—-328) | 2695 (1.72—-4.1) 0.001 0.9054 0.0469
Washout rate |39.25 (30.75—45.8) | 2595 (15.98—29.03) 1685 (7—37) 0.0370 0.7249 0.0566
DAT PD (n=16) PSP (n=11) MSA (n=3)** | PD vs. PSP | PSP vs. MSA | PD vs. MSA
SBR 354 (259-5.28) 257 (148-391) 2615, 3.04, 6.845 0.3807 0.6186 0.9875
SBR (AI) 194 (1218-263) | 406 (158-86.6) 17.7, 364, 58 04187 1 0.4798
SBR (Z score) | (39 o2 2065) | (-406 ot 225) | - 3.123 Bhors | 08552 08076 0.9875

PD: Parkinson’s disease; PSP: progressive supranuclear palsy; MSA: multiple system atrophy; duration: disease duration; Yahr: Hoehn
and Yahr scale; H/M: heart/mediastinum ratio; SBR: specific binding ratio; Al: asymmetry index.
Quantitative variables are described as the median (interquartile range).

*Data obtained from 4 cases are shown as the median (minimum-maximum).
**Data obtained from three cases are shown as raw data.
Comparisons of numerical variables between three disease groups were performed by the Steel-Dwass test.

All Rows
| e i
Count G*2 LogWorth
42 51.485679 2.4625765
Level Rate Prob Count
MSA  0.0714 0.0714 3
PD 0.8095 0.8095 34
PSP 0.1190 0.1190 5

MIBG H/M (early)<2.36 MIBG H/M (early)>=2.36
|| B | o .
Count G”*2 LogWorth Count G”2 LogWorth
29 8.6997056 0.3886964 13 26.320602 0.3236414
Level Rate Prob Count Level Rate Prob Count
MSA  0.0345 0.0357 1 MSA  0.1538 0.1480 2
PD 0.9655 0.9603 28 PD 04615 0.4864 6
PSP 0.0000 0.0040 0 PSP 0.3846 0.3656 5
I I
[ I [ |
MIBG (washout)>=31.2 MIBG (washout)<31.2 MIBG H/M (delayed)>=2.81 MIBG H/M (delayed)<2.81
R = [ R ] 1
Count G*2 Count G”2 Count G 2 Count G2
24 0 5 5.0040242 7 11.148363 6 10410759
Level Rate Prob Count |[Level Rate Prob Count | ([Level Rate Prob Count [|Level Rate Prob Count
MSA  0.0000 0.0027 0 [|MSA  0.2000 0.1780 1 |MSA 0.1429 0.1349 1 [MSA  0.1667 0.1542 1
PD 1.0000 0.9930 24 |PD 0.8000 0.8041 4| |PD 0.7143 0.7222 5 [ PD 0.1667 0.2539 1
PSP 0.0000 0.0043 0 (PSP 0.0000 0.0179 0| |PSP 0.1429 0.1430 1 PSP 0.6667 0.5920 4

Fig. 1. Diagnostic model using values from MIBG myocardial scintigraphy.

Among 56 cases, 42 were selected for the training datasets. All 42 cases (PD: 34 cases; PSP: 5 cases; MSA: 3 cases) with MIBG
myocardial scintigraphy data were classified into two groups according to their heart/mediastinum (H/M) ratios (early image): less
than 2.36 (29 cases) and 2.36 or more (13 cases). The former group was further classified into two subgroups according to their
washout rates: 31.2 or more (24 cases) and less than 31.2 (5 cases). The latter group was classified into two groups according to their
H/M ratios (delayed image): less than 2.81 (6 cases) and 2.81 or more (7 cases). The proportions of diseases included in each group
are shown by bar graphs and numerical values, with green representing PD, blue representing PSP, and red representing MSA.

G2: a fit statistic used for categorical responses. Lower values indicate a better fit. LogWorth: the LogWorth statistic, defined as -log
(p value). The optimal split is the one that maximizes LogWorth.
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PD, PSP, MSA @ 3BIZBWT, Fih, M
B, WEIRIARE, EAREEE MIBG-LHH Yy F 7 F
T4 —DEEFGLIHE, DAT Y F 7774 —
DR EWG LM, WMELREL WO IHEMT
WL, WInoERBEIIBW T SHMICAERE
%O o7 (Table 1).

2) PD, PSP, MSA M 3KRBICH T ERKIESR

BLUBEZREEDLER
SHEDHIC, Fis, MR, WARHHE, FEEO

HEEZRO RN o7 (Table 2). —77 T MIBG
WYy v F 27974 —"Tix, PDIZPSP &bl
THEPGB L OBIIE T, MSA &L CHilGg
TH/MEPEEICKTL T/, £/, PDIZ
PSP & It L C washout 45T L T2 72 (Table
2). DAT V> F 7574 —OREMBICIIHEEES
O oTz.

3) MIBG OB >F 7714 —DBIEM@MERAV

EEWETIV

MIBG LYy v F 275974 =285, Bl

I

& RGO CBERERE L (H/M ) 3B X 0 washout
HEHWTIEBEZENT L7V T XL EZVER
T5E, MIBGUFhY v F 279714 —%FEfL7z
56 D) bEE vy MIgEl sz 426 (PD
34 %, PSP 51, MSA 3%l) & Fig 1 ®X ) 124>
X7z (R23E=0469, 340 . & H/M
At 2.36 i > washout 7% 31.2 LL_EOFER] X
208 % 56, @Bl PD Tho7. %o H/M It
236 LLETH o EBICIE 3EE G TN, £
ML BB S e o 7228, PSP L5
Bl & B s %O H/M 23 2.36 UL ETdH - 72,
MaEEty b (n=14) I2BIF AR 2L 0.047 T
Ho7z.
4) DAT V> F9J57 4 —DRIEEE BV -948
DAT Y > F 275714 —=I28B1F % SBREEDF
fli, AI, Zscore W CRIBEDRIT % FEHd3 5
& DAT Y Y F 7974 —%EfiL7-232060
I HLEF Y MIgdEl s 236 (PD 13 4,
PSP 71, MSA 3%1) £ Fig. 2D & 9 1247 s
7= (R 23 =0.175, 2470). PSP 7 I 4 ik

All Rows

[ A |
Count G”*2 LogWorth
23 43709635 0.2244751
Level Rate Prob Count
MSA  0.1304 0.1304 3
PD 0.5652 0.5652 13
PSP 0.3043 0.3043 7
|
[ |
SBR<2.615 SBR>=2.615
— | [ |
Count G*2 Count G*2 LogWorth
7 9.5607135 16 29.48779 0.1382938
Level Rate Prob Count Level Rate Prob Count
MSA  0.0000 0.0163 0 MSA  0.1875 0.1841 3
PD 0.4286 0.4457 3 PD 0.6250 0.6215 10
PSP 0.5714 0.5380 4 PSP 0.1875 0.1944 3
|
[ [
SBRAI<17.7 SBRAI>=17.7
o m L |
Count G2 Count G2
6 5.4067345 10 20.59306
Level Rate Prob Count |[Level Rate Prob Count
MSA  0.0000 0.0194 0 |MSA  0.3000 0.2851 3
PD 0.8333 0.7958 5 (PD 0.5000 0.5064 5
PSP 0.1667 0.1848 1 [|[PSP_ 0.2000 0.2085 2

Fig. 2. Diagnostic model using values from DAT scintigraphy.

Among 32 cases, 23 were selected for the training datasets. All 23 cases (PD: 13 cases, PSP: 7 cases, MSA: 3 cases) with DAT
scintigraphy data were classified into two groups according to their specific binding ratios (SBRs): less than 2.615 (7 cases) and 2.615

or more (16 cases).
cases) and 17.7 or more (10 cases).

The latter group was further classified into two subgroups according to their asymmetry indices: less than 17.7 (6
The proportions of diseases included in each group are shown by bar graphs and numerical values,

with green representing PD, blue representing PSP, and red representing MSA.
G2: a fit statistic used for categorical responses. Lower values indicate a better fit. LogWorth: the LogWorth statistic, defined as -logio

(p value).

The optimal split is the one that maximizes LogWorth.
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Table 3. Correlation of severity with radiological findings in
patients with PD-related disorders: PD, PSP, and MSA.

Yahr
rho P value
MIBG H/M (early) -0.0136 0.9206
MIBG H/M (delayed) —-0.0196 0.8858
MIBG (washout, %) 0.0086 0.9501
SBR —0.3579 0.0443
SBR (AT %) 0.1732 0.3431
SBR (Z score) —0.3464 0.0521

Yahr: Hoehn and Yahr scale; H/M: heart/mediastinum ratio;
SBR: specific binding ratio; AL: asymmetry index.
Nonparametric correlations between two quantitative variables
were evaluated using Spearman’s rank correlation coefficient
(rho).
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%o H/M A 2.36 K 2> washout S
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I PD T, CHIEZPDEKROTHZ FO-Z &h»
5, FRRICFBHLREWHERTHL EEZ LN,
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Bl) B L O MSA 2] (3/3%1) 1L SBR A 2615
DETdHotz. —JiTPD & PSP AIED S v
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