iRk e)ets] A): A36d A2% 2002 08 ™[ o

obmslolwy zjulizkAtollA] SPM HH-& o] 83 ¥ #F SPECTS
BA-UQA7s F38459 B

Agistael selslry | AN’ @it olx|aherg g’
3

e’ 3 olss!, 2R, oIy, oA, AXNW? 0|5, ZWA?, HET|', o|mE’

Relationship between Brain Perfusion SPECT and MMSE Score in Dementia
of Alzheimer’s Type: A statistical Parametric Mapping Analysis
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Abstract

Purpose : The aim of this study was 1o identify the brain areas in which reductions of regional cerebral
blobd flow (rCBF) were correlated with decline of general mental function, measured by Mini-Mental State
Examination (MMSE). Materials and Methods : Tc-99m HMPAO brain SPECT was performed in 9
probable AD patients at the initial and follow-up periods of 1.8 years (average) after the first study. MMSE
scores were also measured in both occasions. The mean MMSE score of the initial study 16.4 (range: 5
- 24) and the mean MMSE score of the follow-up was 8.1 (range: O — 17). Each SPECT image was
normalized to the cerebellar activity and a correlation analysis was performed between the level of rCBF
in AD patients and the MMSE scores by voxel-based analysis using SPM39 software. Results = Significant
correlation was found between the blood-flow decrease in left inferior prefrontal region (BA 47) and left
middle temporal region (BA 21) and the MMSE score changes. Additional areas such as anterior and
posterior cingulate cortices, precuneus, and bilateral superior and middle prefrontal regions showed the
similar trends. Gongclusions : A relationship was found between reduction of regional cerebral blood flow in
left prefrontal and temporal areas and decline of cognitive function in Alzheimer's disease(AD) patients. This
voxel-based analysis is useful in evaluating the progress of cognitive function in Alzheimer's disease.
{Korean J Nucl Med 2002:36:91-101)
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Table 1. Profiles of AD Patients and Normal Healthy Controls

93

AD patients Normal Healthy Controls
M/F 2(7 3/6
Agelyr) 722%12.0 7227+6.1
Education(yr) 74+38 10+4.4
MMSE-K 1 16.4+6.2 283+1.3
MMSE-K 2 8.1+£59 -

Data are presented as Mean=SD.

M/F =maleffemale; MMSE-K= Mini-Mental State Examination

MMSE-K 1: at the time of initial scan
MMSE-K 2: at the time of follow-up scan
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Fig 1. MMSE-K scores were significantly decreased in probable AD patients at follow-up

scan compared with initial scan.
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Z%Zod(Brodmann  Area 39/42), %= AMRFY
(superior frontal gyrus, BA 8/9), ZFt)At3](posterior
cingulate; BA 23), At)43] (anterior cingulate; BA

33), 2|3 #5 A5 FUBA 42)9 {7} frolet

A(P<0.001, un+++corrected) Z+4As}9rHFig. 2a,
Table 2). 3% SPECTE AAvlzT# vlasid &
W o R wledelelld HEFI ik
53l FA-ZFQoNA HEFIE FolsiA Zast
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Table 2. Regions of Hypoperfusion at Initial Scan
Talrairach coordinate
/R Regions BA X Y z T value
L Inferior parietal gyrus 39 -55 -65 29 568
(included posterior cinguiate)
L  Superior frontal gyrus 9 -28 39 37 479
L  Anterior cingulate 33 -4 20 19 4.21
R Posterior cingulate 23 2 -26 29 4.61
R  Superior/Middle frontal gyrus 8 34 45 40 5.28
R Superior temporal gyrus 42 57 -21 7 479

= coordinates of local maxima of significant clusters (uncorrected p < .05

voxels=2.0+2.0+2.0(mm)

at cluster level)
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Fig. 2. The brain regions with significant rCBF reduction in probable AD
patients, relative to normal controls at (a) initial and (o) follow—up
scans. The areas with hypoperfusion were extended at the
follow-up scan (b) relative to the initial scan. Interval between the
two scans was an average of 1.8 year.

hAF3](BA30), 22l Z-are]e]|@d (uncus)ollA S5
7} GolelA] F4-slgich(Fig. 3, Table 3).

b)

Fig. 3. Brain regions with significant rCBF reduction from initial scan to follow-up scan in AD patients. a) rCBF
reduction occured mostly in left hemisphere, shown in a 3D-rendered brain. b) Region of rCBF
reduction in post cingulate cortex is shown at three different orthogonal sections of MR template image
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Table 3. Regions of rCBF Reduction from Initial to Follow-up Scans

Talrairach coordinate "

L/R Regions BA X Y Z T value
L Superior temporal /post. orbital 38/47 -26 20 -25 16.33
L Cerebellum -4 -92 -16 12.02
L  Pons -10 -25 -31 8.96
L Inferior frontal gyrus 47 =40 42 -16 7.66
L Cerebellum -32 -37 -33 7.14
L White matter -20 27 6 6.78
L Inferior temporal gyrus 20 -65 -38 -18 6.23
L Inferior frontal gyrus 47 -55 19 -4 577
M Posterior cingulate 30 0 ~42 17 7.77
R  Uncus 28 18 7 -22 7.65

+ coordinates of local maxima of significant clusters (uncorrected p < .05 at cluster level)
voxels=2.0+2.0+2.0(mm)

MMSE-K 8 H=o} MR H0|= HER (BA47), ZF(BA21), 43, HALd, i3]
i 29 FAFABAG), 1l $Ho = 4, FAF
(BAB), AA-TA(BA6/B), sHAF(BA4T), A}
$HBA24)ol|l Al HEFe] #lsl7t MMSEK 3344

o2

32 oo 2 HE] - W AARZ dojA A
18719 A7 =UF A7 =48 MMSEK &
YA ABAAE A% A A2 oHAFA

o] Aslel §-2J3k(p<0.05, uncorrected) A= @Ik
AlS HchFig. 4, Table 4).

Fig. 4. Brain regions of significant correlation between MMSE-K score and cerebral
blood perfusion in AD patients. Numbers at the lower left corner of each axial
image represent a distance (mm) from horizontal paine connecting anterior and
posterior commissures. Positive number indicates above the plane.
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Table 4. Regions with Correlation between MMSE Scores and Brain Perfusion
Talrairach coordinate”
L/R Regions BA X Y z T value
L Inferior frontal gyrus 47 -46 36 -9 374
L Middle temporal gyrus 21 -69 41 -10 3.49
L Cerebellum 22 ~-68 =35 3.26
L Precuneus 31 -4 -49 36 2.84
(included posterior cingulate)
L  Middle frontal gyrus 6 -32 i 55 229
R Cerebellum 34 -78 -38 3.01
R Middle frontal gyrus 8 36 24 54 2.82
R Superior frontal gyrus 8 2 22 49 2.69
R Superior frontal gyrus 6 22 -6 78 237
R Inferior frontal gyrus 47 46 31 -10 2.26
R Anterior cingulate 24 2 27 -6 2.11
« coordinates of local maxima of significant clusters {(uncorrected p < .10 at cluster level)
voxels=2.0+2.0+2.0(mm)
frelRt AaAlE B A% Ard 54 7 sl o] & ghat MMSE-K <o) A3E- Fig. 5ol

geiol tisto] 727 FRERAE 10 mm) DA
(Volume of interest: VODE 18] A4t $hz}o]

71A 8l FAeiel fAANe W HdAE A

Vel #Z AFd(Fig. 593 Z-rS)(Fig. 5b)2
%359 MMSE-K A4=2] AkakA|<=(Fisher’s r)
Ztz} 0.69(p <.0001), 0.66(p <.0001)0]%)ch.
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Fig. 5. Results of correlation analysis between MMSE-K and mean rCBF rate of a) left inferior
prefrontal and b) left middle temporal areas. Normalized rCBF scores of those VOIs from
each SPECT images were positively correlated with MMSE-K scores when all subjects
were pooled. MMSE—K tests were given approximately at the same time of SPECT scan.



98 The Korean Journal of Nuclear Medicine : Vol. 36, No. 2, 2002

[

a

£ AollA & probable Fz23lo|wE X)=) 3z}
oA HE 1.8 W 7|7ke 73 HEF wHIkE £
TAElaL SPM W o2 BAlsle] bzrslolw]y
Aol A HEF 7he W97t FA-S5delA A
2 AFdoR gaslo] A2 k. wmi &
O3l EF7F Azl vl fofnls
Al Z4=sledet

Ishii 52 H,”0 PETS o] &34 &x7] Uzzs}o]
W 2] 2] adol|A] FiAls]e] Al T4
HERFE Wkl e AT 2
o] oju] AW Z7|ol]l {7} it Ag W
393 ch'® Nitrini -2 22073 9] 3kx}2] SPECT 34
< §to g HEI At 1047 9] probable 23]
ol 3AE FhdsldTdl WAl Ag4E I
FA-579e € FusAA sl o v
WA el =iy dzsloln] Xujjolld F4-F54
gizart v A% 3459k Niwini 52 F
A 8 F5ele Ao HEF At
Aol A, k)7, At 3 Qleka st

£ qdqrollA] 7] SPECTel| et F4-55<
dRdae 99 A ARES B, 34 A
Aol A ZgE Aeed, o3l E v Re ofe] e
i e Ao AT vEe] Vet Aoz

dmato]lWd Xu] Al FAHIEE Bx}9
B4, -2, Boka)l 28 o] 71R] AN 273}
Apiekar ghe). of AFelAlE ksl ARl
= A %9 MMSE A7) 2377k B¢ A
7

#% 25900 JPFGe Ao} 42 gk 1 9|
ol FUj3), AAlkdo] MMSEK
BE Holmz o5 odedo] whle] Al ¥y

(o]
2
s
©

>

7188 AFEAME FdEe T E A
SRsIe} g Kol Hiolch

Hirono 5 ¢hzzslolmy x|migixte] FAA 4
A #AF AS F599e] HEF Z4vt @
Aok sk’ Fopdsier Ad4e]L Kogure
E99 AFNAE 2704 T2 ARshAA &
zslolw]ed XjullollA] E{7} 7448t dHolglL o]
Aol A= A=) o] - AAH FFAE
ko] AANA AF 7leAste BAg Hole
491 AAte?

Z14bo]] Sayit 5> MMSE A9t ¥[8 Fe] &4
3} AE Aolo] g FHom Pakwle, 7

Bt ' Muller S8 MMSE A5
Hele F5-7A<e 879 dgicka
3 71 29% Foll4] FDG-PETL. R F4 ¥
A Astke) A7 59l Al EE F438)
o} o= ¥ AAl AL T Santee] &
A& g Ao ofel By whE AEsliT
ol g7} ik dzzstolw ] X|migkAloll A%

ol
P
it

o

Sl
o
n
i

2
oft L

s

e} Zro] WAIZ} AslAl &2 AL HEHE
Pofof stz WHELS] Aghde] gt

SPME A-g3te] FDG-PET”g H43 Aol
w2} Kogure 52 Uzzslo|we] X]oj] lkalol] tist
Zekdoll A 7R deld ol = Azl v
MNA FodlellA, FRdlA HZalnlet) slful
doletoll A HFHF s DALY ol 5 3
A= Z70] 719 AollE 343t 3xpEA DSM-IV
7150l oui gzzelo|wiy X|wjE HRlelA] F3t
AL ZA] FA A dzzsto|HE X|ul 2 B21E
At webA o] 5L dzeto|my] A mizt Al 2bsh=
ulg- 27)9] W3S 7]Eg Aok B A=
olu] probable zzstelwdd x|efZ Zghsl ALE




Kang, et al. Relationship between brain perfusion SPECT and MMSE score in dementia of Alzheimer’s type: A statistical parametric mapping analysis 99

taFo & s1al 7] wHol| olmstolwd] Xjul7} Hby
3 & WAk ARA vehb slel g e 2
A g Zolg} Al o] AT ciokst b
Zatel WAl A Heldhd] HWils Kol st

% ;,_9}*]»— - AA He AlE IE

F3) e 7] Eakeloick etaslolwd x
A58 51 AR W A 9] A 2 A
A HQ] HFATE EF3Helobal normalization)
S WHAE 97k a7k 57 et of
2 A% 57k W2k gl Bl Zvka AN
B S aleh o] alFel i 4% slnato
2 Aolela o] elel FFAFE Fehllol A%
EESS]) AZZ Agheh of W $A FolA
£ Usel AR S7RE Ao R ekt 22 gl
aleh. 4% o) Hay We] WrelA gk
S ol AT SPM RAol|z oS 1A oL
[e]

>>L >}L

TS

ATl A} Zo] FAs B3l

3 % A e B
o wlmeli Mg PAol A8 W olviel g4
o At NS W dlels A 5
Siek. o] Qe 187 REE vl wiel A6
57} ANl B4 ahellts o s Fof ALY o
FE WA Setel p gk AR AR )

19 ol 13 el slo sk 4l
B S ioinh 4o $% Few
SPM WS ABRt] Uk AR £AE ek

Z7)el| 74/\]—*} 9}1]—*‘—— MMSE-K
7WLE AR

4t 440
agRstete] Q7150 3%l
A AW WS} FFo 2 AWY W Vre] Bk
2AS sley U A 5 Sobelolof drhw
7R e AR AR Ak 2 A

RBs pu4

2 2 olo] 9

AL Ao gt o]
T SPM ¥4 whHE | W SPECTS] 34 2
A Azte] sl Hgetale ol 4 7le A
2 QA8 4 Qs AL Holr) RATTE 72
Qormz crmalolu|d xmle] ¥HE wigMe]e]
Zclol F7} 71sslar o|8l Erkal kg Akl o

1

27 57 7]ehgkek

$5 olafd 4

FO

OF
<

S5 v 7o) BAL S, dzsjolny A

Falalggel g Akl Ayt & 24wt
F& voxel based H418 E3ll &elstaral sk
EA, 015 3halol] QlofAl ] EAELI7L QldellA
EA| zzoliz 7oA A MMSE-K(Mini-
Mental State Examination, Korean version)2] =233}
498 ol odedol YA AslnnA slsich
o4k = W Te-99m HMPAO SPECTE o] $-64]
9w 2] probable zzslo]w¥ 3 Zjul] SR}l A]
L8] 7170 S 27 e 01

FA7A e AT, o 72 9wl P

o

Qo zyE & 4 vm RAE 2 94

O FATE o)F & o] EAJtol] uhel Al A
TeFE 9151, SPM99E AH-8-3fo] voxel based 415
slodvh ok ozTol mlsle] BAFA HHEH
2o] 7445 RHolk: ool VA AANA FE F+
AzEodololy] Hlste] 2AAAR = AFd o
of o @ #fE]9lrt. MMSEK &<}t 7k =2 4
AAA S Ro|vd ¥HEHI hsle 3L 7ol
Byebel drgickar 4Rl 232 Fysbd Tl &
zra 3 ToAEel Adido|gel. AHE:
probable rzzstolma] x)m| habitol|Al ol A
Wo| A=l wel wale= Wb 7arl T4
oA A Egeh Hel A5AFRe) AR
g 7+4 MMSEKE 225 <lx)7)% 43 A3}
oF frojulgk Ak Hole] et E 4=
SPMS o] 83t o]3t BAMPYS Eslo] wlojd}

Ackel

A 4e otmstolma Ale] Pt A
8% BT ALY F 9oL BTk



100 oizkselaks)A): Al36d ARZ 2002

9

~

10.

ik

gl

[=4

HO

. Feinberg TE, Farah MIJ. Behavioral neurology

and neuropsychology. New York: McGraw-Hill;
1997, p.521-550.

. Mayberg HS. Clinical correlates of PET and

SPECT identified defects in dementia. J Clin
Psychiatry. 1994; 55(suppl):12-21.

. Muller H, Moller HJ, Stippel A, Fric M,

Grunwald F, Laux G, et al. SPECT patterns in
probable Alzheimer’s disease. Eur Arch Psychiatry
Clin Neurosci. 1999; 249:190-6.

. Imran MB, Kawashima R, Awata S, Sato K,

Kinomura S, Ono S, et al. Parametric mapping
of cerebral blood flow deficits in Alzheimer’s
disease: a SPECT study using HMPAO and
image standardization technique. J Nucl Med.
1999; 40:244-9.

. Kim SE, Na DL, Lee J, Choi Y, Lee KH, Choe

YS, et al. Assessment of metabolic impairment
in Alzheimer’s disease with [18F]JFDG PET:

Validity and role of simplified tissue

radioactivity ratio analysis. Korean J Nucl Med.
1996; 30:299-314.

L I A, W g neiele 1997,

Pp.68-80.

. Burns A, Philpot MP, Costa DC, Ell PJ, Levy R.

The investigation of Alzheimer’s disease with
single photon emission tomography. J Neurol

Neurosurg Psychiatry. 1989; 52:248-53.

. Mega MS, Lee L, Dinov ID, Mishkin F, Toga

AW, Cummings JL. Cerebral correlates of
psychotic symptoms in Alzheimer’s disease.

T Neurol Neurosurg Psychiatry. 2000; 69:167-71.
Hirono N, Mega MS, Dinov ID, Mishkin F,
Cummings JL. Left frontotemporal hypoperfusion
is associated with aggression in patients with
dementia. Arch Neurol. 2000; 57:861-6.

Jagust W, Thisted R, Devous MD Sr, Van

11.

13.

14.

15.

16.

17.

18.

Heertum R, Mayberg H, Jobst K, et al. SPECT
perfusion imaging in the diagnosis of Alzheimer’s
disease: a clinical-pathologic study. Neurology.
2001; 56:950-6.

Cardebat D, Demonet JF, Puel M, Agniel A,
Viallard G, Celsis P. Brain correlates of memory
processes in patients with dementia of
Alzheimer’s type: a SPECT Activation Study. J

Cereb Blood Flow Metab. 1998; 18:457-62.

. Sayit E, Yener G, Capa G, Ertay T, Keskin B,

Fadiloglu S, et al. Basal and activational
99Tcm-HMPAO brain SPECT in Alzheimer’s
disease. Nucl Med Commun. 2000; 21:763-8.
Kogure D, Matsuda H, Ohnishi T, Asada T, Uno
M, Kunihiro T, et al. Longitudinal evaluation of
early Alzheimer’s disease using brain perfusion
SPECT. J Nucl Med. 2000; 41:1155-62.

Lee DW. Study of cerebrovascular reactivity in
dementia of Alzheimer's type using Diamox
SPECT. Ms dissertation, Seoul National Univ.
College of Medicine. 2000. ... o

Kwon YC, “Park J-H. Korean Veréion of
Mini-Mental State Examination(MMSE-K): Part
T : Developement of the test for the elderly.

J Korean Neuropsychiatr Assoc. 1989; 28:125-35.
Ishii K, Sasaki M, Yamaji S, Sakamoto S,
Kitagaki H, Mori E. Demonstration of decreased
posterior cingulate perfusion in mild Alzheimer’s
disease by means of H2150 positron emission
tomography. Eur J Nucl Med. 1997; 24:670-3.

‘Nitrini R, Buchpiguel CA, Caramelli P, Bahia

VS, Mathias SC, Nascimento CM. et al. SPECT
in Alzheimer’s disease: features associated with
bilateral parietotemporal hypoperfusion. Acta
Neurol Scand. 2000; 101:172-6.

Buck BH, Black SE, Behrmann M, Caldwell C,
Bronskill MIJ."’
attentional  deficits

Relationship to HMPAO-SPECT measures of parietal

Spatial- and  object-based

in  Alzheimer’s disease.



AR 8} 99l dzzsto|we Xuigkaiell 4] SPM HbHE o] &8t ¥ IF SPECTeL FA-AA7s 24459 4 101

perfusion. Brain. 1997; 120(Pt 7):1229-44.

19. Signorini M, Paulesu E, Friston K, Perani D,

Colleluori A, Lucignani G. et al

assessment of regional cerebral metabolic

Rapid

abnormalities in single subjects with quantitative
and nonquantitative [18FJFDG PET: A clinical
validation of statistical parametric mapping.

Neuroimage. 1999; 9:63-80.




