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713% B MRDE g5 <+ gl @47F 3ok Harbra-
ken 5& EFA7)%h RFoR BA99L YATUT HE
FBoR YANAL s BA ot AFaigon,
FEUAYY 4R PHe 4P BUIGRD O e A
zA HRIINE uPsA 2AY + g AHa
Y Laere 5 4 949 RIS Hraty s|zAne
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3 AFE Ak weEd B A7 £5o2 dYse B
Agge EANES FEstux I IPT SPECT$ MR
templates 94 §313t9 slHd AL Fow BAY
A& AdAsHL So| MEA 3 &(specific striatal bind-

ing ratio: SBR)¥ wlddiz A - F zrHd| 9] H|(anterior/

posterior ratio: APR)Z

1. O &

AT g21EAY 82 3092 Hoehn & Yahr $5
o we} early parkinsoni(H&Y stage I, II) 1798(d/\9:
8/9, 56.610.841)3 severe parkinson®(H&Y stage III,
V) 13904/ :8/5, 564E11.14AN 2 Y5 grites
M AATH, AN o) daziel gl A 114/ T/

4, 57.811444) S oz AlSstc)
2. "2-|PT SPECT gAlsls

I IPT SPECT%7%& triple head gamma camera
(Triad XLT, Trionix Research Lab., Cleveland, Ohio,
USA)HA 259 MBgE AHFAEIL A & 90EHE
102 HHoE 120 704 38l AX 58 Bk 4L JA
= ol&stgrh o] 9AE 135 cm9 IAH WAooz 159
keVeolx 20% oA =95 ZEE Ao o3 F o
FAMIR o2 ALAEAT RaFEas
Hamming ZEE ol&3te] 942 H A3 (image smooth-
ing)st o 64x64 W JAE 2ta BA4AIT)E 32%X32
mmeji Zt HH FAE 32 mmE FGwHM AC-PC
(anterior commissure - posterior commissure)Al< 3

274 8.

0.75 cycles/pixel¢l
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"1 IPT SPECT%4< SUN SPARC station 10014
12080 53 J4g Aded2 Hgste] oy A =2
EZ(file transfer protocol :FTP)& %3] PCg& #AE3lo]
analyze F2o8 WEIACE dAbe W BM agn
YA AL Analyzed.0 (Mayo Foundation, Baltimore,
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jr,]./ﬂozioa Mz—]__ =] ]?]_yﬁ E_“,_].}E]oo:]
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ENIE

real Neurology

template 2 ARG AAde =3
& FE3te] v dS(caudate) B A
posterior putamen) 83 FFY(occipital cortex)ol 24

st ch(Fig. 1).

3.

k=4 al(

3 (anterior/

dol A7 RYFo] thEY]
object® A3 J4(interpolation)s}@ i 4178 <] 4
)8 HWELIE 339 wEste] 439tk ©] ROI ¥
To8 AVIE WA G HRAA 3719 @l

A 774¢] ROIOl ik Hit WAbsg 334 ZAste] Fotn

0
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A
=}

Eo| H]Eo] Ao R Striatum Binding Ratio (SBR)3}
Anterior Posterior Ratic (APR)& Eq. 13 Eq. 29 %ol
A5

2) Xt& ZHAYEY

Fel o

9 ztetvlH
factor W3t & (transform matrix)& 24 3ke] 91X
109x91¢] X, Y, Z HEgZA FHA37] 2X2X2 mm¢
volumetric T1 MR template® 7]|Fo2 i3 o AAES
SR EEt 91 £Etelx F I8HA AW A F4
th SBRS: FEaAIGEAT nhrR 2 38¥A o
A o] dddAN HT WAbsE 334 FHste SBR#H
APRE HAstith

3) Striatum Binding Ratio and Anterior Posterior
Ratio
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Fig. 1. Delineate the region of interest Rt. Lt caudate (1, 2), anterior putamen (3, 4), posterior putamen (5, 6)
and occipital (7). A) ROI on the template MRI, B) ROI on the registered image, C) ROI on the 1231 IPT
SPECT.
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Table 1. Speicific binding ratio and anterior/posterior ratio results of the Hoehn & Yahr stage I, I (n=17, M/F: 8/9, 56.6%£10.8 y), Hoehn &
Yahr stage III, IV (n=13, M/F:8/5, 564+11.1 y) and Normal subjects (n=11, M/F:4/7, 5781144 y)

Registration method with MR template Manual ROI method

Rt.C LtC RtaP LtaP RtpP LtpP SBR APR (CO/ZJ) rg\]ls Rt.C LtC RtaP LtaP RtpP LtpP SBR APR ((‘:)/Z]) rér\l/s
Normal subjects (n=11, M/F : 4/7, 57.8+144 y)
N1 454 437 542 553 347 406 464 130 0.028 3.03 335 427 438 28 314 358 126 0138
N2 524 370 714 78 530 550 587 111 0043 318 336 501 522 402 407 427 104 0211
N3 308 403 466 5.27 297 398 406 124 005 243 280 394 425 303 351 343 1.03 0136
N4 513 413 662 3.96 555 547 535 113 0071 413 362 522 627 309 458 464 130 0216
N5 389 343 475 440 317 331 388 127 0042 261 206 28 228 192 175 227 133 0378
N6 361 334 405 411 2.62 348 358 127 0074 258 205 310 274 187 264 25 121 0098
N7 377 341 429 431 272 3.05 365 137 0023 280 220 28 305 140 227 248 159 0249
N8 446 388 538 545 445 480 477 1.04 0047 340 366 403 440 309 315 366 124 0068
N9 37 37 326 404 361 298 357 114 0019 252 236 267 325 227 18 249 134 0159
NI10 293 464 550 544 478 469 48 098 0.089 124 259 35 301 342 193 290 083 0214
N11 333 33 411 37 3.22 321 352 113 0.023 302 29 326 350 202 237 28 146 0045
mean 398 38 502 492 3.81 405 43 118 0.05 281 282 371 38 263 293 320 124 0.20
s.d 078 04 115 1.19 1.04 094 081 012 071 061 087 118 079 08 078 021
Hoehn & Yahr stage I, II (n=17, M/F :8/9, 566+10.8 y)
PD1 313 271 281 378 188 214 291 152 0010 233 242 281 33 18 226 241 128 0045
PD2 291 683 664 834 484 730 4838 099 0056 093 322 267 413 211 327 207 08 0.166
PD3 798 754 745 577 378 346 563 192 0032 394 311 55 539 268 28 381 147 0183
PD4 318 28 360 403 194 262 301 132 0.049 194 28 325 373 204 09 257 127 0321
PDb 424 315 5656 475 3.64 195 334 136 0.037 283 263 397 339 276 17 255 123 0475
PD6 353 328 221 302 0.98 200 232 158 0.002 228 210 207 298 0.61 1.82 169 140 0.155
PD7T 329 354 2% 404 120 218 243 17 003% 196 270 241 360 113 192 192 164 0.126
PD8 320 254 280 258 219 063 19 138 0079 161 118 241 227 191 072 138 100 004
PD9 262 331 178 275 0.64 1.06 175 28 0008 211 291 164 296 047 109 141 261 0.152
PDI0 333 320 1% 299 0.84 092 214 319 0.018 211 271 163 290 046 108 141 260 0210
PDI11 408 478 354 311 191 113 304 199 0043 228 233 167 239 055 058 149 357 0142
PDI1Z 213 064 066 234 045 153 110 098 0077 172 087 103 211 048 151 104 098 039
PDI3 460 389 446 446 245 307 38 136 0020 201 224 300 279 170 162 220 147 0178
PD14 220 118 427 267 2.27 144 179 133 0025 271 183 325 181 162 033 124 134 0122
PD15 28 211 238 225 117 111 1.8 197 0050 186 158 260 239 120 107 166 18 0149
PDI6 171 202 150 2&4 0.45 139 129 175 0053 137 210 146 240 045 102 114 220 0127
PDI7 401 392 243 18 135 139 238 208 0012 119 198 164 19 178 078 127 180 0.198
mean 347 338 334 365 18 208 269 172 0.04 207 228 253 298 140 15 134 17 0.22
s.d 139 175 18 168 124 15 121 059 069 065 110 061 079 08 071 070
Hoehn & Yahr stage III, IV (n=13, M/F : 8/5, 56.4%11.1 y)
PD1 218 169 088 0.83 0.41 008 08 372 0006 128 116 183 133 066 015 082 234 0207
PD2 133 102 131 24 087 059 120 152 0007 061 119 127 18 082 019 096 115 0407
PD3 167 169 157 207 110 09 147 146 0013 154 18 146 170 072 051 125 209 0130
PD4 272 19 166 1.39 0.82 112 150 150 0.029 247 248 231 28 138 195 206 134 0437
PD5 192 161 1.24 158 1.06 116 142 137 0.003 050 075 095 08 002 100 056 081 0314
PD6 352 37 329 303 176 180 28 189 0020 189 252 166 167 039 047 133 446 0132
PD7 240 290 117 2.60 1.25 1.563 161 142 0047 226 315 115 232 096 087 138 178 0.193
PD8 143 098 058 126 041 046 082 245 0054 081 093 097 093 040 026 067 220 0129
PD9 065 08 068 068 070 057 068 0H4 0062 047 063 040 029 049 028 038 089 0160
PDI0 082 051 104 033 067 001 02 139 0374 055 027 016 017 -008 -025 006 -086 1454
PDI1 266 262 325 372 1.50 147 258 197 0.030 230 219 244 271 060 108 1.8 226 0177
PDI12 205 165 207 184 126 054 137 164 0032 192 136 221 25 098 077 15 211 0103
PD13 181 236 191 2.07 0.95 089 161 19 0022 137 176 138 150 052 037 111 266 0083
mean 194 18 159 1.84 0.98 08 141 179 0.11 138 155 140 159 060 059 1.08 179 0.46
sd 0% 113 108 1.16 0.46 063 090 046 021 076 099 0.0 099 034 062 151

Rt.C:right caudate, Lt.C:left caudate, Rt.a.P:right anterior putamen, Lt.aP:left anterior putamen, Rt.p.P:right posterior putamen, Lt.p.P:left
posterior putamen, CV : coefficient of variation
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4) & M(Reproducibility)

GG A o AFEY, F FedHg 34E
dgol ofgk SBReIA 334 &4k FauAbee Hod)
Aol B2 %CV (coefficient of variation) 3% rms CV
& Eq.37 49 #Zo] Alksisich

¢ == S.D ...........................................

%CV F— SBR*IOO ~~~~~~ Eaq.3

2
rmsCV = Cy}/ .............................................................. Eq.4

22 Montreal neurology institute (MNIDolA =]
T3k T1 MR templates ©]-§3}e] Analyze 4.0 (Mayo
Foundation, Baltimore, Md. USA)el 4] normalized mutual
information (NMI) HH o2 X, Y, Z oA ZZ9
translation, rotation, scale factorZ® zt¥= W&-3) 3 (trans-
form matrix)& 2489t 91x109%91 (x, y, z), 543
7] 2X2x2 mm¢?l volumetric T1 MR template® 7|F2o=2
64x64x530] FA=7] 32%32 mmel I IPT SPECT %

%<& normalize &+ 91 &tolx F 33WHA HAGHAE 7|E
o2 A% Aol ROIE #4899 (Fig. 2). 94 &

<) kel
Bl

Voxel intensity matching ®#2l 1<l mutual in-
formation (MD)& ©]§3 G38F2 32E1 o Hx
7F 7Hg uhe g9

entropy (JE)oll A <

o]
g

33

Fol A AFol doluh7] L joint
o g sjso] wAs] HEo

2]

Fig. 2. Identity SPECT image before and after registration in the orthogonal plane. A) Template MR image, B) Identity SPECT
image, C) Hoehn & Yahr stage III, IV "™[-IPT SPECT, D) Normal subject "“I-IPT SPECT, E) Registered PD patients image on
the template MR, F) Registered normal subject image on the template MR.
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2 9% Ul MAE AT BUGY WYPRA spe
cific ratio®} anterior posterior ratioZ early parkinsoni
(H&Y stage I, ID¥ severe parkinsoni-(H &Y stage III,
V) 283 A4l 37k s Has Ak, 84
A AFARWUILY AAAAE EAEATE, ddH

g
h=] T I * > A=) [ =]
wENoR BRI BEA P FRNS Totel Juu

R

32

%A EE FAZAE BAHSAT

registration
Qe 1 manual

we n " [
H&Y stage  Normal early Parkinson severe Parkinson

50

4.9

ca
S

=
o

anterior posterior retio
s &

-0 & [70] registration
20 [ manual

W= n " i " (L iH
early Parkinson severe Parkinson

H&Y stage

Fig. 3. Specific binding ratio and anterior posterior ratio:
correlation within the group (normal, early Parkinson, severe
Parkinson) and the estimate method (manual vs registration).
There are significantly correlate to SBR in manual ROI and
template based registration method among the normal sub-
jects (r=0.853, P=0.001), early PD (H&Y stage I, I(r=0.841,
P=0000), severe PD (H &Y stage I, IV) (=702, P=0.007).
But APR is only correlate in early PD (H&Y stage I, II) (r=
0.720, P=0.001). Both normal subjects (r=0.567, P=0.069) and
severe PD (r=0.413, P=0.161) is not correlate to two ROI
analysis methods.
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1. Specific binding ratio (SBR) & Anterior
posterior ratio(APR)

1) BEMUIHZE HW % S99 dAYHA 35 &
Aody Ay
Hoen & Yahr (H&Y) &l 9% early parkinsonit,

severe parkinsonw 1#]i A IFA 9 SBR¥ APR
= BAdd AARuE T 2T dAgd A7

FBAFY F98 T3 vHFig. 3).
o A E 2bs A Aol ot
WA vl A ARl 1E9
#9gE P=0.001%
r=0.567, P=0.069% 2|3t AE HolA &3t
t}. Early parkinsoni(H&Y stage I, [I)oll A ¢
H 7 vl SBRS r=0.841, P=0.000, APR& %
r=0.720, P=0.001& 93 AAAAE B HYr} Severe par-
kinson(H&Y stage I, IV)ollA e F ¥4 w7l nalo]
A SBR< r=0.702, P=0.0072 #o3 A#AAAE BIoy
APR2 r=0413, P=0.1615 ol Za#AE RelA Fsk
=3
2) M08
parkinsonw 181
H&Y &5l 93 early parkinsonit, severe parkinson
o 28l G4 2EF9A 9 SBR¥I APRE Tukey %
2 OFEuiag At SBRS 75 #4H9Y
T)r A4F B ’S W A 2F T
2 »YukFig. 4). &, ¥% T4 A4
JJr early parkinsonit (H&Y stage I, I P=0.000, A4l
I} severe parkinson@(H&Y stage I, IV)2 P=0.000,
early parkinson™(H&Y stage I, I3} severe parkinsonit
(H&Y stage III, IV) P=0.013°1% 1 #AE #AHFF HEH
Wloll A AAkelst early parkinson@(H&Y stage I, )&
P=0.000, %393 severe parkinsonit(H &Y stage III,
V)& P=0.000, early parkinsonT(H&Y stage I, II)3} se-
vere parkinson@(H &Y stage III, IV)& P=0.003°]%t}.
APRE A% #AAF HAWYHAA AU} early par-
kinsoni?(H&Y stage I, II),
(H&Y stage II, IV)ollMwt f2)3 FAatE Bt} FE
AP E AAuyelAe ol f-o]gk Apo]E Ho|

2l ggkon Al early parkinson(H&Y stage I, II)
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A

<

=y
HF

O_u

[z ]
X

A1} severe parkinson®

=
=
=

BNIF

& P=0.316, A4} severe parkinsonT(H&Y stage I,
IV)2 P=0.256, early parkinsoni(H&Y stage I, II)3} se-
vere parkinson®(H &Y stage III, IV)2 P=0.969%ct =
T TA9E dAUHNA AHGUH early parkinson(H&
Y stage I, II)-& P=0.038, A4l severe parkinson®
(H&Y stage III, IV)2 P=0.0272 23 AxE Boy
early parkinsoni*(H&Y stage I, II)3} severe parkinsoni
(H&Y stage III, IV)2 P=0.948¢]%it}.

2. Reproducibility
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ducibility of the template based MR registration method than
the ‘manual ROI method.
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Usefulness of Registration in the Evaluation of
Parkinson’'s Disease

Ra Hyeong Juh, M.S.*, Jae Seung Kim, M.D.'. Dae Hyuk Moon, M.D."
Tae Suk Suh, Ph.D.*, Bo Young Choe, Ph.D.*

Department of Biomedical Engineering’, The Catholic University of Seoul,
Departments of Nuclear Medicine T, Asan Medical Center, Seoul, Korea

Purpose : The aim of this study was to evaluate the striatal binding ratio, the anterior/posterior ratio
and reproducibility using a template based registration method using the standard MR template as a re-
placement for each patients MR image.

Materials and Methods : This study analyzed the 1231 IPT SPECT images of 30 patients with IPD,
who were subdivided into 17 patients (56.6%10.8 yr, M/F : 8/9) with mild IPD, and 13 patients (56.4%11.1
yr, M/F:8/5) with severe IPD. In addition, 11 normal controls (57.8*14.4 yr, M/F : 4/7) were also ana-
lyzed. The ROIs were positioned manually in the same slice showing the highest striatal activity using
the traditional manual method, whereas those were positioned automatically in a mid striatal slice of the
SPECT image coregistered to the standard T1 weighted MR template.

Results : The specific binding ratio (SBR) obtained using the template based registration method strongly
correlated with those using the manual method in all groups : normal controls (r=0.85, P<0.001), mild IPD
(r=0.84, P<0.001) and severe IPD (r=0.7, P=0.01). The SBRs obtained using both methods were signifi-
cantly different among the three groups (P=0.05) and the SBRs obtained by the template based registra-
tion method were higher than those by the manual method (P=0.05) in all three groups. The APRs
obtained by the template based registration correlated with those using manual method in only mild IPD
(r=0.72, P=0.0). The APRs obtained by the template based registration method were significantly different
from the normal controls and those with mild or severe IPD (P<0.05), whereas those obtained using the
manual method were not significantly different among the three groups (P>0.1). The reproducibility
(rmsCV) of the template based registration method was 7.2% (normal controls : 5.2%, mild IPD: 4.2%, se-
vere IPD:10.8%), whereas the reproducibility of the manual method was 31% (normal controls: 19.7%,
mild IPD : 21.7%, severe IPD : 46.2%).

Conclusion : These results show that the use of ZI-IPT SPECT for assessing IPD is affected by the
methods used to position the striatal ROL The template based registration method using the standard MR
template can be useful in diagnosing IPD and assessing the disease severity with a high reproducibility.
Therefore, the template based registration method appears to be a good replacement for the manual
method.

Key Words : '"“I-IPT SPECT, Striatal binding ratio, Registration
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