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— Analysis of ®™Tc-ECD Brain SPECT images in Boys
and Girls ADHD using Statistical Parametric Mapping(SPM) —
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.M E
aopgaldete] shtel F=AH4Yy BYFol(At-
tention Deficit Hyperactivity Disorder : ADHD)Z2
AAIH R oF 3~9.5%9 ojdol7} olgkE|o] §la1, A}
ojgol7} o4} ojo] et 3~ou] HE whdgo] AcH?,
°|F 15~20%c ARA7I7HA] o] FAdo] A&EIL glon
Aol s Furlzt Skt fEjuRelAE 7.6%9
FEeS 2oln, RAY olsE LR AL oF
2%7y, 183 25sta MY 48hd~68HA7ER| 9] S
ZARG B4 o 4~5%8] HFEL Holw grt,
| Agho] oigt g er AFEHEEEY (com-
puted tomography :CT), A7|&3HHAIE Y (magnetic
WA EJoFEE ol %
3t o g oFARRETEE(positron emission tomog -
raphy : PED) ¥} ©haxjek&ck22d(single photon emis-
sion computed tomography : SPECT)S ©]-&3} H{ &=
o olgHu qlovt Ko FxTEAH S| WstE =43}
L1 SPECT®} PETV} Wo| o]&5|31 gjr} E3| SPECT
= WA OJorE tjdo] s, HAIAQ AA]Eat
FAstal A AAF & 4 3, HEF AdEE & jky
% Atk o] AUtP®. ADHDEHA| tidt SPECTY
FAARRA SRR OJOFE #PTc-HMPAO T *"Tc—ECD
o] o]&&1 It} ECD(ethyleysteinate dimer)=
HMPAO(hexamethyl propylene amine oxime)o] B|3}
of x-A]H&(uptake ratio)o] 28] H= &I, ¥ 3
W2 (gray matter) Q] 27} @wom, Al7to| HIs|=
spaig/uge] AN B SR 4+ gem B
sjeboz ool Stk Aol HAALleES 5%
HErh e Bolol Avloz WAEY, IS
ol Fol ol olgEm et
2% ADHDEAO] tjgk @A77k ols o] glol
A= Qlon] X8R SPECTHAMS SPM(statistical
parametric mapping)2 F%t A= g, o] ADHD
gAe sl ATRAT B A9 g AHol,
2D e B ixolelols] WAL YRt ¥
AR e THEY + 98S AR Zame-
thinV'9] ol ofxjolelo] ADHDEHAZ WAju
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HRIADHDEAFTS] A% dAbs ouch PAKOoRE
o] MJ4Fg0] AStEhe whE, YARIAE WA 413
20] o ¥94&E RwshgTh Lengleben 572 WA}
olelo] ADHDEAoIA AAxish S olA uy
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2. SPECT ga&sisi =4

Multi SPECT3(Siemens, USA)camera$}
Fan beam collimatorE o©]|&38t1, ZHZ&7)(detector)=
360" Z|XStHA], 40 frame®] YHIAL +ZFHAL}
g0l am7lE 3.56%3.56 mmE  FFEOoT 128x128
matrix® 7|28}t Butterworth filter(cut—off fre-
quency : 0,38 cycle/pixel, order : 5} ARSI o3}
HEY(filtered back projection)FHOZ FAE A+
AJ8l9on], Chang?] WHoR Z|EAS A WAt
A oJorE #MTe—ECD(ethylcysteinate dimer) 0,33 mCi/
Ke& A0 e ST 308 T S U5
fom, e NSHE B B 2HUL YA
YRS FEAHE Sush] el A= TS A
Biofl A FetRl(supine)E R-AI5HAT.
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=
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3. SPME 0/=28 a2

FGAFELA S Matlab(Mathworks, Inc, USA)E o|&3}
& SPM99(uinversity college of London, UK) program
oA AldgstEct SPME 1990'd Karl Friston %9 2
o Humglon HPAE FAsks BA(Voxel)ol it
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Fig. 1. Distribution of hyperperfusion clusters according to P-value in ADHD boys
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Fig. 2. Hyperperfusion rate in boys ADHD

SAAEAE Bt AT + Yv YHOR o8y
ok &, #xERE 53 SPECTYAe AU

9 X A(realignment and correction)¥ YAt E(tem-
plate) GAde]l gFoizl PAL 7HeAIE #d(Gaussian
Kernel)ol] 93] H&3Hsmoothing)3to] SPM A& o
o Aatelct

N7H¢ie] SPECTHER GAR2 MNI(Montreal Neulol-
ogical Institute, McGill University, Canada)ollA] A
EE MNI templet S| Qs F7EFE
(normalization)A]7)1L, Al&/2-&H|9] AT FZHET
3 oA BEAER @ REE RAS] 98l
FWHM 16 mm®] Gaussian kernel® X%3lo FHAE
< E3t H&¥(smoothing) M7 &¢It

HAA el BHFEF2 80%S ¥HAR|(threshold level)
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L sii(pixel)o] Whdte] SPM99 ZEZ Mo ANCOVA

Fote

(analysis of covariance)Z ©]&3t t—HEL

AN BT

B Aeld WRol REAE BAY feleE
0.001%E] p<0.057}%], gAtet ofzpojgio] ADHDEHA}]
H¥R IR 2aRE Yehls 2aade B
of| fiste] B35ttt Zzhe] SEiaEA B
Ht R0l Uist ADHDAT O FHTFE SPMI9ZL
27199 BOLD(Blood Oxygenation Level Dependent
effect)data plotingS ©]83te] Z- 3ol thsf &A=
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Table 1. Hyperperfusion rate in boys ADHD at the Cin-
gulate gyrus

) Hypoperfusion Number
t P - Val
Coordinate we rate(%) of patients
(0, -44, 2) 0,03 15.79 24
3 0.04 16.46 2%
0.05 15.28 24
15.84+0.527

M= Table 13} Zroh =, AAabo] diske] gzt ofglo)
ADHDZHA= 15,28~15.79%2) M2, Ft 15,84+0.53%

o 37hee denigich

2) gdRlojo] ADHDEALY] HE R 7ha

HEE7MA BHO Wh 9.9 222 P 00494 F
Z th To)F(insula gyrus)olA]l 119749 FpAi 5'-71"]
ZFo A7 UehbL, PCO.005AIME 9= x| &%
o]&(temporal gyruS)"ﬂk] u7Ae) ERgta E}"‘"] =
712 Uergth $94% PQ.007 e & thlF

& ofefjo|=(inf. frontal gyrus)ollAl BFIFAL} %‘Wﬂ 3
N SEA"r7E vEebgth P<0.00994 P<LO.017FRl=
HAFY ofgfolol Mz EFAa H7t Yet

22 o

L, B&E 47)9] 82z vebgnh P<O.0200A = #
- AT AEH SN /7 AaEd 1
B3 PC0.0391AE 147) HEo) 83 #ARS Yeh
= 2927 veigtey, Sa2E7E G4 #HA%L
P<0.02HT FHFHY AoiEEe o2 yewth
(Fig. 3).
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At
i 15.2840.27% AN, Hd A&
H A= 25 49%)01%h 5 HHESFY
15.48~15.76%2) 7HA&= Jﬂ& 15.64+0,10%
HDQ—X]-_J 2798(52.9%)°0] FHdF TALoAl 7hA
2 HHAFAD ool e 12.82~15.32%
gik] B ZASL 14,97+1.88%0]9, 5199
15 297(56.8%) 0] Bt oY ERANE U
urt,
o)y 5 &SR AFolFolA
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Fig. 3. Hypoperfusion rCBF images according to P-value in ADHD boys
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Table 2. Hypoperfusion rate according to P-value in boys 3) o4z} o] o|ADHDEA}L] HEH=7]
ADHD in each coordinate . _
oz} ol2o]ADHDRAS] FAMBR F/MHE &
| A8 —r : X ZH A AT =
Coordinate P -Valle HypOperofUSIon Nurmber Mgt A Fig, 5049k Zol, P0.003°14 &EEH F
rate(%) Of patients RN BRS7}F SAEYL Yehgon], P<0.005
0.007 - 1520 25 oM FH2 e HAFG(cerebrum, limbic lobe)ollA]
Giaw
FHE ol 0'03 15'79 2
‘ : decrease
0.04 15.34 25 6 . . , . .
+ *
15.28+0,27 L .
ab o ‘
(46, -18, 4) 0.007 15.66 27 2.76| =
$&Th] 0.009 15.66 27 < 2t
Aol 0.02 15.48 27 DO
0.03 15.76 27 24 SHE
0.04 15.63 27 ® —+0.43
2 :
15,64+0.10 22
2
(38, 28, -2) 0.007 12.82 29 -4
Sz 0,009 16.32 29
Aol 0.02 15.78 29 4 : s : . .
ol 0.03 15.73 29 0 19 20 30 40 50 60
0.04 15.42 29 scan mamber
15.21+0 96 Fig. 4. Hypoperfusion rate at Lt. cerebral insula in ADHD

boys
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Fig. 5. Hyperperfusion rCBF images according to P-value in girls ADHD

.35 .



HpARM T &THE Vol 27, No. 3, 2004

1007} 3az7)e E8Agr @&2rEdz Jelyh Table 3. Hyperperfusion rate according to P-value in girls
283 PC.009ME HE dfHEEIE 370 @R%  ADHD in each coordinate

7} E92E7F Yeigth P<O.02%] S HEF S F . Hypoperfusion NUMoer
Bo| 49| FPAIRS} fHMAGS HES] BE 9 Coordinate P - Velue rate(%) of patients
o] H3 = [e] Z Loy = =}
7he] FEo] FAEHY A7t FHEHA FEHe] Y @ 86 2 0,003 192 o
Elttt PL0.042%] Aol= 16709 E8AEH7F Ve S ANE.Y 0.005 12.58 8
=% 0,009 30.60 8
0.02 31,00 8
Female increase 0.03 3111 8
5 T 5 : 0.05 30,87 8
LR ’ 164 24.68+0.96
...... S SR SRS W
% v
o (14, 2, -24) 0.005 31,74 6
3 : : S 0.009 30.20 6
............. g 0.02 30.30 6
¢ ‘ 0.03 31.67 6
0.05 30.22 6
AAAAAAAAA ﬁ. 30.83+0.80
15 ; ; ; (56, -52, -26)  0.02 31,25 8
0 5 10 15 20 EE NS 0.03 30,84 8
scan number 39 0.05 31.67 8
Fig. 6,. Hyperperfusion rate at celebellar post, lobe in $1.2500.42
ADHD girls

P 003 P : 0,05

Fig. 7. Hypoperfusion rCBF images according to P-value in girls ADHD
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A mtols Rz A (SPMIE o8t Hei' ADHDRRFS] & SPECT Au|a&H

U S AR o] o3 JACE Ussit
FAERVE F7HE AHTE FHE Sn2HdA
Aol st ADHD3AES] ER/RZ7E AEiE BOLD
data plotting¥t Zo] Fig. 6°|th, A4S ERAS
—5.36 18|31 ADHDZALO|A S BFAFE 1.64%
11,92%2] 8F37FE dehllz gloem™, 89e| ADHDS
Az FH8F S7HEEY ¢ Wol F7iEa ok
ofzto]o] ADHDEARS] 7+ FejagoA ER/RI7HE
2 Table 37} Zt} &, AXFYH AFol|A 11,92~31,11%
o] Z7H&E Wt 24.68+0,96%°|1, 8H] A= Hat
F7H ol F7HENH. &S dixmdAgelse 30.2
0~31.74%% H4 30.83+0.80%7} Z7t=glom, HE
AuBHL 30.84~31.67%2 HT 31.25+0.42%7F Z7}
EQlal, 874 9] ADHD$HAN: HR| old57h H3lt,

4) 97} oJ”|ADHD &AM HEF H
HEF 7FARLE P0.0012] B¢ HE dixjAzd

Table 4. Hypoperfusion rate according to P-value in girls
ADHD in each cocrdinate

' Hypoperfusion Number
P-V:
Coordinate aue rate(%) of patients
-20, 6, 6 0,001 30,30 5
EFH&dl+ 0,003 28,77 5
=3 0.005 30.95 5
0.007 30.77 5
0.009 31.03 5
0.01 30.86 5
0.0% 31.03 5
0.05 31.56 5
30.66+0.56
26, 8, -6 0,003 30.61 8
(350 0.007 30.26 8
=) 0.009 30.29 8
0.01 30.18 8
0.03 30.82 8
0.05 31,27 8
30.57+0.33
52, -28, 0 0.005 31,16 6
FH&dl+ 0.007 30,41 6
Z54olH) 0.009 30,40 6
0.01 31.21 6
0.03 31.01 6
0.05 30.87 6
30.8420.29

(lentiform nucleus)F-5ollA WEFFOoH, P<0.003°A
= 5 vz goA vepgth P<0.005o s FHS-
o] A=Y Qo) FHE hEESFY Falol™olA 1637 =2
71 ZE2Ezt debdth PO BRALES7
3709 AR vElgs, P0.033 PL0.05904E 5
e A2 #H99 A2y, HE JHESFY, #235
AFHYRAAN HaEE AoRE YePout, P<0.059]
dolMe SYLERe dxZrt AsiEo] uERgT
(Fig, 7).

ADHDRto|Ro]9] HE R4 SeAF
FHAEE Table 49 Zt}, &, S 9] A2FofA=
oo gt FolRlolkrt F/aeS 28,77~
31.56%°|H, Ha TAE&L 30.66+0.56%°0]% L, 1359
ADHD3AS 592 B F7HEEY ¢ @ol HAamSd
t} 9= diue H=FHoJALE 30,18~31.21%=2 FHit
30.57+0.33%7} aEglon 8o A= B EF
Aag ol TAAHUM HE UHESFFE FHolH2
30.41~31.21%2 B 30.84+0.29%7} A=Y, 67
2 H A ol HAEU

& dix]e] A= = x| A=HY| He- A
Atdt ADHDEEAES] ER/EXE, |3 Ao ofgt
Ao B HEFAHE Fig, 8% #rh ofxpe|do|
ADHD3EA}2] 79 AAe] vlste] 1399 A 25
HEF7F gAEI

"2t ojglo] ADHDEAN= i3t 571 28
2H7E vetgen, &5 diHzold, &5 iy &5
olg, dix HeHFE FolA Fag2E7F e
ozt ojglo] ADHDZAMS] 7oz ANFTHFTUE,
A& YuHAY, FHE d=HSHAA EF S S8LH
7F vehtn, & dy FEEY 549, & HHRd
SollA R FLE2H7 UEET, do] ADHDRHA
oA BRF7H HAE TR dAHs R ¢l
on, FRUA BRE FHE dH ol HE AT
FollAl dx=Hdct, FAAe] He BHE AFEHAA &
F AAEYAEHIL el glon, oz
2 F5 oA TaEtHFig. 9).

o)A SpalletaE” 9] o]2o] ADHD HEHFHA oA
25 fgEdFgel SEY © Fadoe Hig
Amen'”9] {0} ADHD 2x}o] 65%0] 4 tjx] HHFY
o4 BF S Bueh dAs Utk Sieg KGOS
ADHD gxpo] thgt *I-IMPE o]|8%t SPECT HEFF
Aol 2E dHAGY S FAGAANY ERdas
HEEo] ZaEsE 2t viel Yx|Er|E gt o

]

i
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(a) Lt. Cerebrum, lentiform nucleus
(b) Rt. Cerebrum lentiform nucleus

Fig. 8. Distribution of rCBF rate in gils ADHD

P{0.04 increase(girl) P{0.05 decrease(girl)

Fig. 9. Distribution of rCBF clusters in boys and gifls ADHD
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» Abstract

Analysis of ®™Tc-ECD Brain SPECT images in Boys
and Girls ADHD using Statistical Parametric Mapping(SPM)

Soung-ock Park - Soo-il Kwon'

Department of Radiologic Technology, Dongnam Health College
Medical Physics, Kyonggi University

Attention deficit hyperactivity disorder(ADHD)is one of the most common psychiatric disorders in
childhood, especially schocl age children and persisting into adult, ADHD is affected 7.6% in our
children, Korea, and persisting into 15~20% in adult. And it is characterized by hyperactivity, inattention
and impulsivity, Brain imaging is one of way to diagnosis for ADHD, Brain imaging studies may be
provide information two types - structural and functional imaging, Structural and functional images of
the brain play an important role in management of neurologic and psyciatric disorders, Brain SPECT,
with perfusion imaging radiopharmaceuticals is one of the appropriate test to diagnosis of neurologic
and psychiatric diseases.

Ther are a few studies about separated analysis between boys and girls ADHD SPECT brain images.
Selection of Probability level(P-value) is very important to determind the abnormalities when analysis a
data by SPM. SPM is a statistical method used for image analysis and determine statistical different
between two groups-normal and ADHD, Commonly used P-value is P{0.05 in statistical analysis,

The purpose of this study is to evaluation of blood flow clusters distribution, between boys and
girls ADHD.

The number of normal boys are 8(6-7y, average:9.6%39y) and 51(4-11y, average:9.0+2 4) ADHD
patients, and normal girls are 4(6-12y, average : 9+2 4y) and 13(2-13y, average 1043,5y) ADHD patiens,

Blood flow tracer ™ Tc-ethylcysteinate dimer(ECD) injected as rCBF agent and take blood flow images
after 30 min. during sleeping by SPECT camera,

The anatomical region of hyperperfusion of rCBF in boys ADHD group is posterior cingulate gyrus
and hyperperfusion rate is 15.39-15.77% according to p-value, And girls ADHD group appears at
posterior cerebellum, Lt. cerbral limbic lobe and Lt Rt cerebral temporal lobe, These areas
hyperperfusion rate are 24.68-31,25%,

Hypoperfusion areas in boys ADHD,s brain are Lt cerebral insular gyrus, Lt. Rt, frontal lobe and mid-
prefrontal lobe, these areas decresed blood flow as 15,21-15.64%. Girls ADHD decreased blood flow
regions are Lt, cerebral insular gyrus, Lt. cerebral frontal and temporal lobe, Lt. Rt lentiform nucleus
and Lt, parietal lobe, And hypoperfusion rate is 30,57-30.85% in girls ADHD,

The girls ADHD group's perfusion rate is more variable than boys. The studies about rCBF in ADHD,
should be separate with boys and girls.

Key words : Clusters, SPM analysis, analysis of Brain blood flow,
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