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In vivo imaging of small laboratory animals facilitates objective assessment of pharmaceutical devel-
opment and regenerative therapy in pre-clinical studies. Radionuclide imaging such as PET or SPECT is
especially important because it allows to quantitatively assess physiological functions due to high sensi-
tive tracing technique. This paper describes the significances and applications of quantitative functional
assessment in small animal imaging, and then discusses quantitation about kinetic analysis and image
reconstruction in microSPECT. Finally, it introduces quantitative functional imaging studies using
microSPECT.
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Geometric resolution (R,)
R, =(a+b)—=
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d,: effective pinhole diameter
System resolution (R,)

R, = /Rg2 +9Rf
a

R;: intrinsic detector resolution

Resolution oc d, X (a+b)a
Sensitivity o< d,#/b?

Fig. 1 Physics of pinhole SPECT. Spatial resolution and
sensitivity can be improved by positioning a collima-
tor closer to an object.
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Table 1 Representative radionuclides used in SPECT study.

Isotope Energy Half life Tracer Application
oomTe 140 keV 6.01 hr MDP/HMDP bone scan
MIBI myocardial perfusion
tetrofosmin myocardial perfusion
TRODAT dopamine transporter
2017y 70 keV 72.9 hr TICI myocardial perfusion
1231 159 keV 133 hr BMIPP beta-oxidation
MIBG sympathetic
B-CIT dopamine transporter
Iomazenil benzodiazepine receptor
1311 364 keV 8.04 day thyroid
Ga 93, 185, 300 keV 3.26 day citrate tumor
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Fig. 2 Comparison between conventional acquisition and complete data acquisition in multi-disk phantom study
and mouse bone scan with ””™Tc. Data acquired by conventional single circular orbit are incomplete.
Complete data are acquired by two-circular orbit. Complete data improve axial blurring and non-uniform

spatial resolution in pinhole SPECT.
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Fig. 3 Schematic diagram to show conditions for truncation
compensated reconstruction in 3D pinhole SPECT.
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Fig. 4 Reconstructed images and myocardial counts obtained by

conventional method and TC-3DOSEM. We artificially
generated data with the different amount of truncation
from rat experimental data. TC-3DOSEM method
eliminates overestimation and provides quantitative
image in independence of the amount of truncation.
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Fig. 5 Photograph of our microSPECT system and
rat cardiac imaging study.



Med Imag Tech Vol.26 No.l January 2008 19

HEO 1 >ThD. 6 LOMFEETT L~ 2%
Yl L, ZToHo 3 JCIox L CR B EZER I
R (TBHR) L7, ARIBHRHE 3 T & VR¥HE 3 PLIC
BT, B A —/LSPECT & '?’I-iodoamphetamine
(IMP) % FH\ 7= IR 7 B D 3 4 PR s LY
RIE RN R & 3 L7=. EEIEH SPECT &
(GCA-7200A, Toshiba) |ZE > AHR—aly A—X
ZAEFE L, IMP 25559 10 435 (2455 H W 4 [F1§i5 2
TV, & 1M SPECT fRfg L7=. v
A —/VH3D-OSEM THHERL L TH DAL 72 B IC
23— R AV NETIV (22) HWEHLT, %2

@ N Pixellated Nal
\§} N

\‘\xif 4/Pinhole 1.0 mmé¢

4

64 mm

for conscious condition.

transverse 1 coronal 1 sagittal 1

i+ i+ i+4
a a “n
Fig. 7 Representative rat cardiac images obtained by
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Fig. 8 Quantitaion of rat myocardial blood flow using data from microSPECT. Left: Representative time activity curves in
rest-rest and rest-stress studies. Right: Myocardial blood flows calculated by two-compartment model. Coronary flow

reserves were assessed in rest-stress studies.
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Fig. 9 Co-registrated MR and SPECT images of cerebral
infraction model mouse. Left: T2 weighted image
obtained by MRI. Right: Quantitative cerebral blood
flow image obtained by pinhole SPECT and '**I-IMP.
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