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Table 1
Patient characteristics by quartiles of plasma sRAGE levels.
Characteristic SRAGE (pg/ml) ; ; p
Qi Q2 Q@ o4
. (<705) (705-1020). (1021-1470) (>1470)

o n=121 . .n=120 . n=121 n=120
Age(years)  7iE11 0 7111 70412 70412 ¢ 0810
Malen - 79(65).  77(64) 89 {74) 73(61). - 0.194
Smoking habit, n E :

None 50(41).  52(43) 44 (36) 75 (63)

past 28(23) " 35(29) 39(32) 26 (22)

Current 43(36) 33 (28) 38 (31) 19 (16} 0.001
Ischemic heart 13 (11) 17 (14) 11(9) 10 (8) 0471

disease, n :

Past history of 38 (31) 1 44 (37) 43 (36) 39(33). 0810
stroke, n .
Hypertension, n- 101(83)  103(86) 93 (77) 93:(78) 0.205
Hyperlipidemia, n - 48 (40) 47 (39) 41 (34) 36 (30) 0343
Diabetes = 41(34) 30 (25) 30 (25) 30 (25) 0.299

mellitus, n V -
Atrial fibrillation, n 26 (21) 24 (20) 27.(22) 145 (38) 0.007
Metabolic 45(37) 47 (39) 51(42) 40°(33). 0553

syndrome, n ;
Albuminuria, n 48 (40) 46 (38) - 42 (35) 51 (43) 0634
Estimated GFR, 1 ,

15259 ml/min 27.(22) 28(23) 30(25) 39 (33)

60-89 mi/min 62(52) . s6(47)  70(58) 66 (55) ~

=90 mi/min 32(26) 3630y z21(17) 15(12) . 0.017
SystolicBP . 164429 16828 1684328 163432 0463

 (nmHg - ~ -

DiastolicBP. 88+17  86+19 89+19 88:L 18 0,740

{mm Hg) - - .
Triglyceride 1291060 1,32::062 128+047 1264059 0887

(mmol/L) , ;
LDl cholesterol ~  2.86+0.89 2.81:£080 - 289£081 279--081 0829

(mmolfL) , ‘ :
HDL cholesterol 1064030 1.04:£026 1014029 1144035 0.011

(mmol/L) T ' :

FPG (mmol/L) 6134162 593+177 5734139 569::163 0.118
NIHSS score on 7 : 5 5 4 0,093
admission , . . ;
PICH ' 138 (31) 3327y 33(27). 19 (16) 0036

Age and laboratory data are means=:SD, NIHSS scores are median values, values in
parentheses are percentages of the number of patients in the given quartile, FPG: fasting
plasma glucose, PICH: primary intracerebral hernorrhage.

chronic disorders. The administration of sRAGE reduced functional
recovery and regeneration in mice with acutely injured peripheral
nerves [19]; and Rong et al. suggested that RAGE signaling in
inflammatory cells and peripheral neurcns plays an important role
in the plasticity of the peripheral nervous system [20]. On the other
hand, the activation of RAGE is known to sustain inflammation and
tissue injury in chronic diseases stuch as diabetes and Alzheimer's
disease [7-9,21], and the circulating levels of SRAGE are reduced in
patients with Alzheimer disease [22]. The low level of SRAGE seen in
patients with chronic diseases suggests that low levels of sSRAGE may
result from the SRAGE capture of high levels of circulating AGESs,
which act via AGE-RAGE signaling pathways in harmful roles in
chronic disorders. In the present study, a high NIHSS score on
admission and severe leukoaraiosis were correlated with a low level
of SRAGE. More than 90% of patients with-PICH (115/123 patients) in
the present study had lesions in the basal ganglia, thalamus;
cerebellum, or pons, indicating etiologies related to chronic hyper-
tension, Median levels of SRAGE in patients with Lt and PICH, both of
which have a common underlying vascular pathotogy of chronic
hypertension, were low compared with these in the other stroke
subtypes. Lower levels of sRAGE in the patients with essential
hypertension [23] as well as in patients with LI and ABI [24], were
also-reported previously. We hypothesize: that most patients with
chronic conditions of severe hypertensive angiopathy in' the brain
were in the lTow quartiles of sSRAGE levels. Geroldi et al. [23] have
suggested that sRAGE may play a role in arterial stiffening and its
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Fig. 2. There were significant differences in severities of subcortical deep white matter
hyperintensities (DWMH) on MRI among the quartiles of sRAGE levels (p=0.017).
Severity of DWMH was graded as none {grade 0}, punctate (grade 1). early confluence
(grade 2), and confluent lesions {grade 3). Frequencies of severe DWMH in the lower
quartiles of sRAGE were high compared with those in the higher quartiles.

complications. Activation of RAGE signaling evoked by the stroke

onset in patients with these conditions may have delayed tissue
restoration after ischemic or hemorrhagic injuries, and resulted in

-, high NIHSS scores on admission.

The “activation of RAGE by proinflammatory ligands may be
chronically modulated by traditional cardiovascular drugs such as
thiazolidinedionés, angioténsin converting enzyme-inhibitor, angio-
tenisin II type I receptor blocker, and statins. Thiazolidinediones were
reported to- reduce endothelial expression of RAGE, which limits
cellular susceptibility to the proinflammatory effects of AGE [25].
Yoshida et al. [26] suggested that telmisartan, an angiotensin I type |
receptor blocker, acts as an anti-inflammatory agent against AGE by
suppressing RAGE expression via pepoxisome proliferator-activated
receptor-gamma activation. Statins and the angiotensin II type I
receptor blocker were reported to attenuate atherosclerosis via their
effects on advanced glycation, oxidative stress, and inflammation in
an animal model [27]. Acute modulation by these cardiovascular
agents in patients with acute stroke has not been clarified.

Cigarette smoking was one of the risk factors associated with low
levels of plasma sRAGE in the present study. Cigarette smoking was
reported to be a source of toxic reactive glycation products, which can
rapidly react with protein to form AGEs [28]. Because AGEs are positive
regulators of the cellular expression of RAGE {29,30], plasma SRAGE
levels may reflect tissue RAGE expression. Reduced plasma sRAGE levels
in smokers in'the present study may be attributable to its capture and
elimination of circulating AGEs by working as a decoy receptor for RAGE.
There were no significant differences in frequencies of smokers among
the five stroke subtypes.

Although no hemodialysis patients were included in the present
study, plasma’ SRAGE levels were' higher in-patients with renal
dysfunction, which is consistent with previous findings [31]. Kalousova

Table 2

Multiple linear regression analysis by quartiles of plasma sRAGE levels.
Characteristic B SE P
Smoking habit ~=0.223 0.064 0001
Atrial fibrillation 0.116 0.136 0.392

‘eGFR —0.252 0.078 0.001

Log HDL cholesterol 0.157 0,440 0.722
Log NIHSS score =0.360 0.144 0013
pICH . . —=0.081 0.128 0527
Log grade of DWMH 0.676 0.285 0018

Smoking habits were categorized as none, past, and current smokers. eGFR rates were
categorized as 15-59 ml/min, 60-89 mi/min, and 290 ml/min, PICH: primary
intracerebral hemorrhage, DWMH: deep white matter hyperintensity.
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et al. demonstrated that kidney transplantation resulted in significant
decreases in plasma SRAGE levels [32), indicating that the kidneys
played a role in SRAGE removal. :

One limitation of our study is that it was impossible to distinguish
whether low levels of SRAGE reflected low levels of circulating AGEs
and tissue RAGE expression, or resulted from the sRAGE capture of
high levels of circulating AGEs while acting as a decoy receptor for
RAGE. We speculate that, in this study, the latter was the case, based
on the high levels of circulating AGEs found under the mainly chronic
inflammatory process of microvascular damage. A second limitation is
that the ELISA assay for sRAGE used in the present study measures all
soluble forms, including soluble RAGE cleaved from cell surface RAGE
by molecules such as matrix metalloproteinase 10 {33], endogenous
secretory RAGE, and novel splice variants of RAGE [11]. However, the
mechanisms underlying RAGE and endogenous secretory RAGE
regulation have not been clarified. A third limitation is the time
point of bleod and urine samples obtained, on average two weeks
after stroke onset. This time point was chosen to avoid contamination
by the acute effects of stroke, however, changes in SRAGE levels from
acute to chronic stages are needed to clarify the contribution of SRAGE
in the pathogenesis of stroke,

In conclusion, the low levels of plasma sRAGE, which were
associated with a-high grade of DWMH, may reflect the chronic
condition of hypertensive angiopathy. Cigarette smoking, a source of
toxic reactive glycation products, was also associated with low levels
of sRAGE. Kidneys would play the role of removal of SRAGE. The AGEs-
RAGE system may contribute to a worsening of neuronal damage
under severe microvascular injury in acute stroke patients.
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Fig. 6 Reconstructed images of multi-line sources phantom.
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201 2
R7=0.996 - .
T /,;/ Table 1 FWHMs of reconstructed image [mm].
% 15 . T No. of source ~ Without CDRC ~ With CDRC
T —
: 10 ) /«*’ 1 8.6 32
5 | M// 2 9.1 3.8
) , 3 8.8 3.5
0 100 200 300 400 4 8.7 33
Distance from detector [mm] ) ’
5 8.4 33
Fig. 5 Collimator response function for Toshiba GCA7200- 6 3.8 3.7
A with LEHR collimator and **™Tc. (a) Full width : :
at half maximum as a function of distance from the 7 9.0 3.5
detector. (b) Collimator response functions at the
locations 100 mm, 250 mm and 400 mm distant from 8 8.7 33
detector. 8.8 = 0.2 3.5+ 02
Table 2 CoVs of the reconstructed images of the uniform cylindrical phantom.
No compensation AC AC+SC AC+CDRC AC+SC+CDRC
CoV[%] 133 10.5 9.9 10.2 9.7
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Table 3 Count ratio of gray-to-white matter on the reconstructed image of 2D brain phantom.

True No compensation AC+SC AC+CDRC AC+SC+CDRC
GM1/WM1 2.4 2.9 3.1 4.0
GM1/WM2 1.8 1.7 1.8 1.9
GM1/WM3 1.6 1.7 1.8 2.4
GM2/WM1 2.0 1.8 33 43
GM2/WM2 1.4 1.1 1.9 2.1
GM2/WM3 4.0 1.3 1.1 1.9 2.6
GM3/WM1 2.5 2.5 2.6 4.1
GM3/WM2 1.9 1.4 1.6 1.9
GM3/WM3 1.7 14 1.6 2.5
Whole GM/WM 4.0 2.6 2.7 3.1 35
Reference comp:r?sation AC+SC AC+CDRC AC+SC+CDRC

Fig. 7 Reconstructed images (top row) and horizontal profiles across each with reference profile (bottom row) of
2D brain phantom. Reference is digital image blurred by 3.5mm FWHM Gaussian filter.

Digital No

; . AC+SC AC+CDRC AC+SC+CDRC
image compensation

Fig. 8 Reconstructed images of 3D brain phantom. (top row) Transverse. (middle row) Coronal. (bottom row) Sagittal.
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509



Med Imag Tech Vol.28 No.2 March 2010

Fig. 912, 2 U A—Z B0 EETThiroT
, AV A—FRAOMEEZIToHEATH
BEERORKEEREE X1 & & OBBRIROMRE
BEEL 3D T 7> M AD CoV & DEGRE 7T
oY A—ZBNOHEEIT> CTHAEE 3.5mm FE
EoOHE, CoV idal A—FZROMEELTTHR
WIS ERIBELAWEENUT CHom. —
¥, 2 U A—FZBROBEERITo 2 EEDORBE
Fal) A—4BAOFMEELOHA LRBEICT
HE, CoV =V A—2BOHEETON-
EHEL DL RESETLTONE.

Fig. 1012, 2 ) A—ZBRAAMHEEIT bk o
FHAEBIMToEED 1 7L — ADEBH
WL E 7 L— AR O CoV Eifg %9, CoV HEifg

#e

45

iteration 20
40 % e

35
30 ; +

251 % »

3 Thalamus without CDRC iteration 3 +
AN Ventricle without CORCiteration3 %
’ Thalamus with CDRC J—
Ventricle with CDRC [N N

CoV[%]

20

iteration 1

e LEe \

i N

3 4 5 6 7 8 g 10
FWHM of multi-line sources [mm]

11

Fig. 9 CoV as a function of spatial resolution in the reconstruction

with/without CDRC. The CoV and the FWHM of line source
are indices of noise and spatial resolution, respectively. The
CoVs in thalamus and ventricle regions on CoV images of
3D brain phantom and the FWHMs of line source images
reconstructed were examined for each number of iterations.

Reconstructed image

transeverse coronal  sagittal

AC+SC
iteration:3

AC+SC +CDRC
iteration:2

141

RS TTH0I2, 3DMT 7 b AOFEE
SOEIX 0 L L. 2 A—ZBHOMEEZTT-
7B EOBEEREER E CoV BiglL, 2 A—#
B OMERL OfFEE 8.1mm & FEED 7.2mm
ERLHRERE 2 BOLOERLE, al A—
ZBAOMIEEAT > T25A D CoV I, 1Thiho
T AITHANT, RESETL, BE, M=EL
HIZ 21% BEOEE THELE. ZOEEMD
a ) A-ZBNOMIEL, BERENEDRERS D
T, BEEmHRbHHE NS,

5. % &

AEBEBREO Y A—FROMEICL -
T, aY A—FBOMELITORN-T-HE 8.8
mm o fREERN 35mm & REHEBLE.
RBEEORBEIIN T 7 > F AOBEHEREE S
LHALMNTHoTe. EEFMORRE LD, B
E—8k7 7 M AOBEEREBRO—FEICEL
Th, 10% BEOCFHETCKTHD I & IHHER
T&T.

o P ANTCLH DM REELRED
BHRMEICE L, BRI - BEMETEESR,
Y A—FEOMEEZMAZDZ LTEHIIkE
Ende. EL, #HEO/NSORETER TR
- BEMEL T TIRIELALHES R TV
Mmole., THEa ) A—FBOMENEEED
WEZT TR, BPBEEDIROEEZ?WET
HHELHY, & ITEBEO/NSWBETEET
DEBMITICEDH THD L V25D, LB KRE
REEOEBR CIIEOLENFHRTEX TR,
ERBAE L 2HE L OEERE O LA T
b, HORBEHROEEBIHD OO, BER
12% BEFTUEIN, BVEETEEEN E

CoV[%]

transeverse coronal  sagittal

50

0

Fig. 10 Comparison of noise indices in the 3D brain phantom images reconstructed with/without CDRC.
(left) Reconstructed images of first frame. (right) CoV images.

510



142

BENBZERTRENE, TR, B
PR MRKELBLEINEZIEHEKERTS.

Fig. 8 128V T, 2y A—ZBN@HEZITo
BA, auF A BICE TR A O

BWICHA_TEI T FEoTniz, ZHiTE
ZARER S DO FEIRIT R TR E WD, 5

BAREMDFEICHT DIHED RIS MO/ I VEKIC
HRKRENEDTHDHEEZLND. 2DWT 7
U RAIZBWTY, HEBRKEREEDHEET
IZEOHENFRTE WA DIIHL, BED
INKVEEIR T, RERER LD LHORED
BOEBEZIT TN,

T, 2V A—FBHOMEEZTT-oEE, =
Y A—ZBOMELZITORPoTEHELY bE
FRAGFEC, DOBRMET LEBRIEOND Z LN

ATE, aYA—FBEO@HERLOBEE
FRE OB ENSE LN A RERS CHEEG FE
B LIEEA, KESHENPMGE SN, REED
HF &R ANERBCEHBBEER LGS, B
BENESBRAZEPERTE . ZO/KBERN
5, OS-EM ® L 95 7o B LB B AR R IZ IERE
7l A= FFETFNERBAVIEES, #
BEOHEILT TR, EEXHE L (signal-to-
noise ratio; SNR) b L35 (10) Z & BSARIFHRL T
LEER T E 2.

AW CIIT I v a VEBRL LA
L, SEMNICE—RRINGEEEH DL &
WX VR » 7 E2{ER L, AC B L U'MCSC 2
AV Z. T AUIZEEES SPECT #E TOEAM 2 5
i B0 Thole., W—RRIN~y 7% AN
HZ eI LY, BAEBFHS TORIN - BELE E
FelZEF Y 7 TERY., ZOZ LN, BER
EEMEICH L TRERELELZO LI &I
TR TXpoTedy, 5%, PF U AIvig
YCTERWEIGE LT AR LT, 20
BERD.

72, EROBK SPECT B2 CIX, MImiEE
PO, OMBSREA A -V T, IbI
WD EIRIC BV T R R RED A A —
v Il e & & i, P9 Te BEEREKI i T
<, PIEHEERABEFASh TS, LI
(KNENRE 2 BORMT+ 5 2 L CHEBEL EE
TASETIE, BPLIcH LTHOERTERNLE
EREG BT AMNERS S, — 7 15113159
keV DAL 0 —7 o< BOMIlE T RILX

511

Med Imag Tech Vol.28 No.2 March 2010

A= bHHEL, Thilal A —F 28L&k
THEEZSbEEZ ERMboNTWVD
(19]. 4%, Z @ septal penetration D522 % FL{H
L, D OMEEIC DV THER LT 2D sep-
tal penetration MEEN KX WIGEORIEFEE
LCiE, 22U A—Z &% septal penetration
DALY % # A AT FE (20) <0, septal penetration
DERST % T T ANV BIEIS L0 HEE T 5 HIEDN
ZiFohd (21].

6. BHYIZ

1 L\ SPECT B BERIE O BEERG I 5
HRINHIE & BELBRH E O Z M MENFER T,
ZERRBEDOMEDOIENRE R REEZS
Nic. KFEEZFEEEO E & M2 &ieFm A
ThbdEEZ LI, K SPECT REOZKIRE
B E~OBEBRBSEESNS.

x  #

Zeng GL, Gullberg GT, Bai C et al: Iterative reconstruc-
tion of fluorine-18 SPECT using geometric point response
correction. J Nucl Med 39: 124-130, 1998
{2 ] Fakhri GE, Buvat I, Benali H et al: Relative impact of

scatter, collimator response, attenuation, and finite spatial
resolution corrections in cardiac SPECT. J Nucl Med 41:
1400-1408, 2000
(3] XiaoJ, de Wit TC, Staclens SG et al: Evaluation of 3D
Monte Carlo-based scatter correction for **™Tc cardiac per-
fusion SPECT. J Nucl Med 47: 1662-1669, 2006
{41 XiaoJ, de Wit TC, Zbijewski W et al: Evaluation of 3D
Monte Carlo-based scatter correction for 2°'T1 cardiac per-
fusion SPECT. J Nucl Med 48: 637-644, 2007

Sohlberg A, Watabe H, Shidahara M et al: Body-contour
versus circular orbit acquisition in cardiac SPECT: Assess-
ment of defect detectability with channelized hotelling
observer. Nucl Med Comm 28: 937-942, 2007
{6 ] Sohlberg A, Watabe H, lida H: Acceleration of Monte

Carlo-based scatter compensation for cardiac SPECT. Phys
Med Biol 53: 277-285, 2008
{71 Hudson H, Larkin R: Accelerated image reconstruction
using ordered subsets of projection data. IEEE Trans Med
Imag 13: 100-108, 1994

Di Bella EVR, Barclray AB, Eisner RL et al: A compari-
son of rotation-based methods for iterative reconstruction
algorithms. IEEE Trans Nucl Sci 43: 3370-3376, 1996
{91 Metz CE, Atkins FB, Beck RN: The geometric transfer
function component for scintillation camera collimators
with straight parallel holes. Phys Med Biol 25: 1059-1070,
1980

Zeng GL, Gullberg GT, Tsui BMW et al: 3-dimensional
iterative reconstruction algorithms with attenuation and
geometric point response correction. IEEE Trans Nucl Sci
38: 693-702, 1991

(1]

(s]

(8]

(10)



Med Imag Tech Vol.28 No.2 March 2010

{11] Yokoi T, Shinohara H, Onishi H: Performance evalua-
tion of OSEM reconstruction algorithm incorporating
three-dimensional distance-dependant resolution compen-
sation for brain SPECT: A simulation study. Ann Nucl Med
16: 11-18, 2002

[ida H, Narita Y, Kado H et al: Effects of scatter and
attenuation correction on quantitative assessment of
regional cerebral blood flow with SPECT. J Nucl Med 39:
181-189, 1998

Shidahara M, Watabe H, Kim K et al: mpact of attenua-
tion and scatter correction in SPECT for quantification of
cerebral blood flow using 99mTc-Ethyl cystenate dimer.
IEEE Trans Nucl Sci 49: 5-11, 2002

Woodcock E, Murphy T, Hemmings P et al: Techniques
used in the GEM code for Monte Carlo neutronics calcula-
tions in reactors and other systems with complex geometry.
Proc Conf. for applications of computing methods to reac-
tor problems: 557, 1965

Ljungberg M, Larsson A, Johansson L: A new collima-
tor simulation in SIMIND based on the Delta-Scattering
technique. IEEE Trans Nucl Sci 52: 1370-1375, 2005

(12)

(13}

(14]

{15)

143

(16] de Jong HWAM, Slijpen ETP, Beckman FJ: Accelera-
tion of Monte Carlo SPECT simulation using convolution-
based forced detection. IEEE Trans Nucl Sci 48: 58-64,
2001

Kadrmas D, Frey E, Karimi S et al: Fast implementation
of reconstruction-based scatter compensation in fully 3D
SPECT image reconstruction. Phys Med Biol 43: 857-873,
1998

BRAEE, mHET, SHRT, e KeEfERo
BETHNT 37 7 b AOBUE L FHE. BES
46(3): 284, 2009

Muehllehner G, Luig H: Septal penetration in scintilla-
tion camera collimators. Phys Med Biol 18: 855-862, 1973
(20]  Chen J, Garcia EV, Galt JR et al: Improved quantifica-
tion in %I cardiac SPECT imaging with deconvolution of
septal penetration. Nucl Med Comm 27: 551-558, 2006

Staelens S, de Wit T, Beekman F: Fast hybrid SPECT
simulation including efficient septal penetration modeling
(SP-PSF). Phys Med Biol 52: 3027-3043, 2007

a7

(18]

(19}

(21}

Evaluation of the Quantitative Accuracy of a Novel Image
Reconstruction Method with Monte Carlo-Based Scatter Compensation and
Collimator Blurring Compensation for Brain SPECT

Temonori SAKIMOTO"!, Tsutomu ZENIYA™, Kenji ISHIDA", Hiroshi WATABE",
Yoshiyuki HIRANO™, Antti SOHLBERG 2, Kotaro MINATO"!, Hidehiro IIDA™?

*I Graduate School of Information Science, Nara Institute of Science and Technology
*2 Department of Investigative Radiology, Advanced Medical Engineering Center,
National Cardiovascular Center Research Institute

*3 Molecular Imaging Labo Inc.

The quality of SPECT images is degraded by collimator blurring, attenuation, and scatter. We have
developed a new reconstruction method that includes attenuation compensation (AC), collimator-detector
response compensation (CDRC), and Monte Carlo-based scatter compensation (MCSC). The aim of this
study was to quantitatively evaluate our reconstruction method for brain SPECT in phantom experiments.
We performed the following experiments using a SPECT gamma camera with an LEHR parallel-hole
collimator (GCA-7200A, Toshiba, Japan): (1) measurement of spatial resolution using line sources, (2)
measurement of uniformity in the reconstructed image of a cylindrical phantom filled with a uniform
concentration of radioactivity, and (3) quantification of the concentration of radioactivity in a brain phantom.
Resolution recovery significantly improved the resolution from 8.8 mm to 3.5 mm. The coefficient of
variance (CoV) of the reconstructed image of the uniform cylindrical phantom was approximately 10%. The
accuracy of quantification of the concentration of radioactivity was approximately 12%. These results
suggest that our reconstruction algorithm with AC, MCSC, and CDRC is a valid method for improving

resolution and quantitation in brain SPECT.

Key words: SPECT, Quantification, Scatter compensation, Monte Carlo, Collimator blurring compensation
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Abstract Recently we developed a novel SPECT image reconstruction method that includes attenuation compensation
(ACQ), collimator-detector response compensation (CDRC) and Monte Carlo-based scatter compensation (MCSC).
The aim of this study was to quantitatively evaluate our reconstruction method for brain SPECT by phantom
experiments with *™Tc. We performed the following experiments using a SPECT camera with LEHR parallel-hole
collimator (GCA-7200A, Toshiba, Japan): (1) measurement of spatial resolution with line sources, (2) evaluation
of quantitaion with pyramid phantom, eccentric ring phantom, 2D brain phantom and 3D phantom. These results
suggested that our reconstruction algorithm with AC, MCSC and CDRC was valid to improve resolution and
quantitation in brain SPECT.

Keyword SPECT, image reconstruction, quantitation, scatter compensation, Monte Carlo, collimator-detector response
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Abstract

SPECT can potentially provide
valuable diagnostic and treatment response
information in large-scale multicenter clinical
trials, but has been limited in providing
consistent quantitative functional parametric
values across the centers. This is largely
attributed to lack of standardized procedures to
correct for attenuation and scatter occurring in
the object. Recently, a novel software package
has been developed, to reconstruct quantitative
SPECT images from existing projection data
and to assess CBF at rest and after
acetazolamide challenges from a single session
of SPECT scanning. This study was aimed at
validating this technique in different
institutions with a variety of SPECT devices
and imaging protocols.

Twelve institutions participated in this
project and carried out a series of SPECT
scans on physical phantoms and on clinical
patients. The phantom experiments included
assessment of septal penetration for each
collimator used, as well as the accuracy of the
reconstructed images. Clinical studies were
divided into 3 protocols, including intra-
institutional reproducibility, a comparison
with PET, and rest-rest study consistency. The
results from 46 successful studies were
analyzed.

Activity  concentration  estimation
(Bg/mL) in the reconstructed SPECT images
of the uniform cylindrical phantom showed an
inter-institution variation of +/-5.1%, with a
systematic underestimation of concentration
by 12.5%. CBF values were reproducible both
at rest and after acetazolamide based on repeat
studies in the same patient (meant/-sd
difference: -0.4 +/- 5.2 mL/min/100g , n=44).
CBF values were also consistent with those by
PET (-6.1 +/~- 5.1 mL/min/100g, n=6). This
study demonstrates that SPECT can
quantitatively provide physiologic functional
images of rest and acetazolamide challenge
CBF, using a quantitative reconstruction
software package. (261 words)
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