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Dysfunction of Cerebral Blood Flow in Patients with Alzheimer’s

- Statistical Parametric Mapping analysis of Tc-99m ECD SPECT -

Dong-Won Yang, M.D., Beum-Saeng Kim, M.D., Young-Min Shon, M.D.,
Jeong-Wook Park, Yong-An Chung, M.D.*, Hyung-Sun Sohn, M.D.*,
Sang-Yun Kim, M.D."

Departments of Neurology, Nuclear Medicine®, The Catholic University of Korea College of Medicine,
Seoul; Department of Neurology, Seoul National University College of Medicine', Seoul, Korea

Background and Objectives : Alzheimer’s disease (AD) is the most common cause of the
dementia. Pathologic and functional changes of AD are known to be unevenly distributed in
the brain. This study investigates changes of cerebral blood flow (CBF) in patients with AD to
determine brain regions with hypoperfusion that reflects progression of disease. Methods :
Tc-99m-ECD single photon emission computed tomography (SPECT) was performed to mea-
sure regional CBF and statistical parametric mapping (SPM) 99 soft ware was used for the
automated and objective approach to analyze SPECT image data. Twenty-five patients with
mild to moderate dementia who met NINCDS-ADRDA criteria for AD (male 11, female 14) and
17 age-matched normal control subjects were studied. The severity of AD was measured by
clinical dementia rating (CDR) scale. Results : SPM analysis of SPECT images revealed that
CBF in the anterior cingulate gyrus, left superior parietal cortex, left medial frontal cortex, left
inferior temporal cortex, right thalamus and left hippocampus was significantly decreased in
AD patients compared with normal controls (corrected p<0.05). The reduction of CBF accord-
ing to CDR was localized in the left hippocampus and inferior temporal cortex, right anterior
and posterior cingulate cortex and right superior parietal cortex (uncorrected p<0.01). Con-
clusions : Our data suggest that the cognitive dysfunction of AD is strongly related with func-
tional abnormality in discrete brain areas. 99m-Tc ECD SPECT with SPM analysis could be
used as a useful functional imaging tool in AD study.
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20009 19581 8L/ A9 Aohzeldol vele Ao
325 = Diagnostic and Statistical Manual of Mental Dis-
order, Fourth Edition (DSM-IV)9] A[v] A& =3},
National Institute for Neurological and Communicative Dis-
orders and Stroke/Alzheimer’s Disease and Related Disor-
ders (NINCDS-ADRDA)] probable AD A 7]&S EA]
o A= SAE LR SISt

¥ MRIZAARE 15-T (Vision-Plus: Siemens, Germany)=
AN E QAT MR ¥ A9 7o) AstAY 37 w73 e] 2
A olgolA, & Agte AARANE o F Uk ¢zl
AlAF A3 (anterior nucleus), 37 hippocampus), B]AHH
(caudate nucleus) 53 7+ strategic infarctionol] 333l
Folol A B Adsisinh HAMol HolA] ¢ OL-_
Mantyla[5]7} AIAIgH ¥ sl Wy os 27 il
o] grade 2 o)1 744k 19 ATl FFgFe HE
A= 7IEF HHHol Sl A4E ATFolA Alednh Ed 7
Agelld $25, FREL d= 38 A 7% oldeld
7Iet A5l Aol g & F e HAHQ] A S 7S
T AellA Aesiet olFA st 24‘3*(‘*1}5 o1z} 19 )
probable AD A= H= A
N, AN, RN, BN
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1) AlAAZ|4AKNeuropsychological assessments)
Auzel ¢lx)7)1%5¢] Algle] A& Korean Mini-mental
Status Examination (K-MMSE)[7]& ©]-&3}33 X|uje] 4]

=

AL E Clinical Dementia Rating (CDR) ZEE o] &3}
o} @Ak S X759 AdEle] £ Seoul Neuropsy-
chological Screening Battery (SNSB)E A}23}ith SNSB
= FYHAHDigit span), ©@7] A7) Ao)71AHANSeoul
Verbal Learning Test, 7 34, A3, AA4AD, v
ol 71 AAK o] EREF thgk S2317d, A3, Al
AAD, AFH71%5 ZAAH contrasting program, Go-no-go test,
fist-edge-palm, &u|d Ao} #3434 AA}F Stroop AAN, Tt
o, 24 ATE, Qo) 9 BEIS(AAE B, YofET]
uel wa), olguly), 7l Ak AAT AAD, AgHsd
(do] Behed TS EHAT ek VE Aol AR o
3 AAP) AN 27

offell g mge] AR ] e AAH AT,

3]
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2) BHUXEIE SR S(SPECT imaging)

740-925 MBq9] 9mTc-ECDE A9 FAFSIAL 202 $ A
o 4], fan-beam collimatorS ©]&-3} multi-detector scanner
(ECAM plus: Siemens, Erlangen, Germany)E ©]£3}o] ¥
SPECT 9% d3ith 94 d& 75 F3¢Ae 2%94 =
A& 9] 597119 probe-type detectors7t @ SUTE A& Fe
Sol7] ¢85k Butterworth A9 £3-ZE(cutoff frequen-
cy 04 cycles/pixel) & ©o]&3t o3} & JEAHfiltered back-
projection) WO E TAE FHAH128 X128 matrix) &S
Ao BAA BAS S5t YAzH MO R ST

tlo rlu

3) Statistical parametric mapping 24

Matlab, version 5.3 (Mathworks, Inc,, Natick, MA)3}
SPM99 (Institute of Neurology, University College of Lon-
don, UK)[8]& ©l-&3te ow]|A] A% stk SPECT dle]
HE dg AR 9A HHE EE st Analyze (Mayo
Foundation, Baltimore, Md.,, USA) AZE¢o] g0z W
A SPM99 AZELoo] YT HE 348 Hlo|E
o] ARE GAS 39 mm x, y pixel size, 39 mme FAES
7T 7 el A G 37 B 3H(registration) & 3
of wegl 913 ol wWE SAE AANY, FHS e ¥
7¥el HEHF AE 12709 affine WEE A WIAT|E

PHoE 4 F o)FA A F4E SPECT #FHARE
(template) & ©]4-3}0] &7+ A713H(spatial normalization) Al
At 7t SPECTANIA FARE HAbs 3} AA| ¥ 9] WALs¢]
Aol & wjAEL7] f13te] SPMe| HlE W3t o] ¥ HA|
AGZ 7} 3k (voxel) & Al A7F3H global normalization) 3}
Atk A A9 HF ASPE] 80% KUt & A9 partial-
volume error®l] a4 Vel brain-edge haloghy A zFahed
AASA o] GAE SPMI9EA A As) FSH| S Eo)7]
28] 8 mm9 full-width at half-maximum (FWHM) <]
7F-N ek Y (Gaussian kernel) S o]-&3te] JAFS HAB N A
o} olEA AL AL 16-bit, Ao A7|7F 79X 95X 68 mm

9‘L
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0]F 2X2x2 mm 3th(voxel) Z7|E 7tk SPM £49
2 98 A= T MR template (Montreal Neurological
Institution, McGill University, CA)[9]%o] SlojA 3dhH,
AgRoE Edstel X R WHE Yob £ 5 9l B

4) o[o|X] &M

dzrstolm ] Sl A e /9 wiskE 27 9l
a7 Aatst A7 249 Auf A9k 1799 A o2
SPECT %42 unpaired t-testE o]&3lo] Hlw £k
2] Aldh ol e w4 HE¥F{e M= CDR AFE
covariate® }o] Z}zbe] Aol thsle] dubAE R 9 (general
linear model) & ©]-&-3te] #A3k%itk SPM #41¢] A= p
%+ corrected 0.05, uncorrected 0.001, uncorrected 0.01%
W3k AI7IHA ov] e AFHE FUAL F 4 5070 o3 &4
ste tAE Hole 99U B8t

o 2F AR fol RYU%1 2= e sl 9
A5 &7 S5t 7 349 x, v, z &S Talairach Daemon
Database AZESJolo] Yol AEH02 7} ele] a8t
¢l Y149} Brodmann J4E< FoFiTh

2 1
Gmslolnly Ba4s A4 dlzzel BEAFE 242 7070

+8.19M (M9, 56-894) ¢} 61501714 (M9, 56-77A4]) STk
K-MMSE Hge 42sto|vy dhals 210414874, A

Fig. 1. SPM analysis results superimposed onto an axial MR
template. Areas with decreased regional cerebral blood flow in
patients with AD in comparison to the healthy controls are pre-
sented in red and yellow colors (corrected p<0.05).

AD: Alzheimer's disease, R: right, L. left.

W2FS 27.13+130801 0L, A& $52 77t 874+5254
3 116545090190t} Exstolrd @x= A4 Bzl
Hlsto] HHAH A W&FFE K-MMSE H57F 99) Qle &
o]F HUTHp0.05). 24 9] g atolmy $AHE F CDR 05
+ 12%(50%), CDR 1< 79(29%), CDR 2% 59(21%) |3}
o, Fig. 1& 92ajoloy 849} A4 22 Alole] 32 ¥
7 W Aol& SPM9SRE FAste] I ANE ZAER
Fdste] MRIZFFAE AE o &7 Zloltt. =4 7%
o] "oizl X2 Ahd il el (anterior cingulate gyrus), -
Z A)AH(right thalamus), &2 454 29 (left superior pari-
etal lobule), &= 345 thyolg(left inferior frontal
gyrus), = =% tho]Z(left inferior temporal gyrus),
= allvb(left hippocampus) F$ 9 tH corrected p<0.05). &

Table 1. Regions, P/T values of voxel and coordinates of the
significant (corrected, p<0.05) clusters with decreased regional
cerebral blood flow in patients with AD compared with healthy
controls

Region (Brodmann area) VOX@IP -y g Co-ordinates
(corrected) XY,z {mm}
Ant. Cingulate Gyrus 0.000 9.57 2,348
R. Thalamus 0.000 7.82 4,-20,14
L. Medial Frontal Gyrus 0.002 6.24 -8,10,-18
L. Superior Parietal Lobule 0.012 552  -40,-66,56
L. Inferior Frontal Gyrus 0.019 537  -42,16,-14
L. Inferior Temporal Gyrus 0.029 520 -64,-46,-14
L. Hippocampus 0.036 512  -26-14,-14

BA: Brodmann area, AD: Alzheimer’s disease, P: probability.
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Fig. 2. SPM analysis results superimposed onto an axial MRI
template. Areas with decreased regional cerebral blood flow
according to the severity of dementia (CDR score) in patients
with AD are presented in yellow colors (uncorrected p<0.01).

AD: Alzheimer's disease, CDR: Clinical Dementia Rating, R: right,
L: left.
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#atolmy kAl A Ah2 o8 HFo 80| Wolxl 9doe]
Aoe Rl 99 P, T @3 0|29 x, vy, z HEE
Table 10 ¥A|5o} 9tk CDRZ 343 Xujo] A5 Ao
e =4 HER7Y gar H5 oHU]-Q} FREEA H= BT

%t A (inferior parietal cortex)3} 5 it o= o]gH
Aol el o vy CDR & AL+ uncorrected p0.01Z S
Al HebsttH(Fig. 2).

g
PETO|Y SPECTS 0|43 7157 27494 AAK: Al
Qo) Bl 0] Slth Tohgi S Azajolw Axsl 3]

”‘6
B5 394 ANBAAA 0, PETE ol83le] UEF 58
o HEs ?i:r%}ﬁ%tﬂ g2atouy] SRl A= S
AR Tl 550l DI AL
M e AFAt g ol E/9 5

O}AAE]'[lo].

Gusjol o4 ol olad EFAs T4
WA At Fa H8F 529 Aoh dxsolye
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