(4) Linearity of count rate: Figure 6 (d) shows the
relationship between the source activity and the count
rate. The linearity was good up to 10 kcps and the
regression line was y = 0.0588x + 0.009 (2 = 0.9999).
However, the ratio of the count rate to the source activity
gradually decreased over 10 kcps.

Flood phantom SPECT study

Figure 7 shows SPECT images of uniform cylindrical
phantom. The image reconstructed with pinhole geo-
metrical sensitivity correction was almost uniform, while
the image without the correction had high counts around
the center and low counts at the periphery.

Animal SPECT study

Figure 8 shows sequential SPECT images of a rat myocar-
dial perfusion in four frames obtained for 40 min. The left
ventricular walls and cavities were clearly visible in all
frames.

DISCUSSION

We have developed a compact SPECT system using a
compact pixellated gamma camera for small animals and
succeeded in sequential SPECT imaging of rat myocar-
dial perfusion. In this system we employed 2" PSPMT
rather than 5" PSPMT which was used by other investiga-
tors?'~23 because the use of 2" PSPMT allows one to
construct a more inexpensive, compact and lighter sys-
tem.

The energy resolution of 14.8% FWHM in this camera
was worse than that of approximately 10% FWHM in
clinical SPECT gamma camera. So, the profile of the
photopeak in the energy spectrum was as broad as the 36%
energy window used. McElroy et al. reported?? that in
their pinhole system, scatter fraction did not contribute a
significant amount to images (about 5%) for mouse sized
2.5-cm diameter cylinder when the usual 20% cnergy
window was used in their system with a 11.4% energy
resolution. However, the scatter fractions were about 15%
and 20% for rat sized 3.8-cm and 5.05-cm diameter
cylinders. Further study is needed to evaluate the contri-
bution of scatter photons and develop proper scatter
correction technique2® for our system.

The measured system spatial resolutions were 2.8-mm
FWHM and 2.5-mm FWHM for ®"Tc and *°'Tl, respec-
tively. Here, the theoretical system spatial resolution for
a pinhole collimated gamma camera Ry is given by

Ro s\/(—;R,‘)-"F(dcf -; b)-s 3

where f is the distance between the pinhole and the
detector (focal length), b is ROR, R; is the intrinsic camera
resolution, and d. is the effective pinhole diameter ex-
pressed as:
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de= |d [d + % tan (%H , @

where d is the actual pinhole diameter, p is the linear
attenuation coefficient of the collimator material, and atis
the opening angle of the pinhole collimator.?227 The
theoretical spatial resolutions in this experimental condi-
tion are 2.5 mm and 2.3 mm for *Tc and 2°!T1, respec-
tively. The spatial resolution of *™Tc is larger than that of
201T] due to its higher energy (1=~ 4.098 mm™' for ™ Tc
and p = 20.870 mm~! for 2°!'Tl) and more penetration
photons, which appeared in the experimental results.
However, the measured spatial resolutions are slightly
worse than the theoretical ones. As one of the reasons for
the difference, the theoretical calculation assumes a double
knife-edge pinhole collimator, while our pinhole collima-
tor is single knife-edge. The number of penetration pho-
tons in single knife-edge is larger than that in double
knife-edge. Therefore, the actual pinhole diameter for
single knife-edge is larger than that for double knife-edge.
By accounting for the difference of the knife-edge of the
collimator, the measured spatial resolutions largely agree
with the theoretical ones. Weber et al. obtained rat myo-
cardial images at a spatial resolution of 2.8-mm FWHM.!!
The spatial resolution measured in our system is almost
equal to that measured in their system.

However, the spatial resolution obtained in our system
might be unsatisfactory for mouse imaging. Resolution
can be improved by using a smaller diameter pinhole, but
this will decrease sensitivity in return for improvement of
resolution. Decreasing the crystal size or enlarging the
detection area of the camera can improve resolution
without decreasing sensitivity. Resolution is usually de-
graded by non-zero diameter and edge penetration of a
pinhole. Alternatively, this degraded resolution can be
recovered by incorporating the realistic pinhole model
into reconstruction software.?®-2 This approach does not
require any modification of hardware and is applicable to
our system.

From Figure 6 (c), positioning the pinhole closer to the
object is important for improvement of sensitivity in
pinhole SPECT. In that respect, the flat face of a single-
knife edge collimator is advantageous. However, care
must be taken of the effect of penetration for thin, single
knife-edge collimator. The sensitivity of 2! T1 was slightly
smaller than that of *™Tc. This is considered that the
number of penetrations for 2°'T1 was less than that for
9mTe due to lower energy of ' Tl compared 1o #™Tc. In
future we need to evaluate the effect of the penetration for
both #*™Tc¢ and 29'Tl in single-knife edge.

A good linearity of the count rate up to 10 kcps was
shown in this study, although the ratio of the count rate to
the source activity gradually decreased over 10 kcps. This
characteristic of the count rate allows the present compact
gamma camera system to be applied for rat myocardial
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SPECT imaging with 2°'Tl because the mean count rate
was 0.52 kcps during SPECT data acquisition in this rat
study. This upper limitation of 10 kcps is due to the
transfer speed of the electric circuit which can be im-
proved by replacement with faster electronics. The present
system also produced homogeneous reconstructed im-
ages of the cylindrical phantom as shown in Figure 7. The
homogeneity of images reconstructed from the flood
phantom is important for quantitative analysis of physi-
ological function.

In the animal SPECT study, rat myocardial tomo-
graphic images were sequentially obtained. The SPECT
images could clearly visualize the rat myocardium and
cardiac cavity. It is anticipated that these images could be
significantly improved if image gate is employed. The
time-dependent change of regional tissue radioactivity
concentration obtained from such sequential tomographic
images can be applied for kinetic analysis using a com-
partment model to estimate the regional myocardial blood
flow.30 The results for phantom and animal studies sup-
port the feasibility of our system for quantitative assess-
ments of regional myocardial blood flow on rat. Further
study is needed to quantify myocardial blood flow by
pinhole SPECT. Deloar et al. suggested that physical
factors such as penetration and scatter are considered.!
Also, Wang et al. reported that both of attenuation correc-
tion (AC) and scatter compensation (SC) are important to
improve quantitative accuracy because the values of re-
constructed images were underestimated by 15% without
AC and overestimated by 9% with only AC, while the
quantitative accuracy was below 3% with both AC and
SC.3?

If this compact camera is combined with a rotating
apparatus, the camera will rotate around the animal laid
down. So, we can observe physiological function of small
animals in more natural conditions, against especially
acquiring complete data set with two orbits,!® than when
the animals are held vertically like in this study. The
misalignment of a center of rotation (COR) might be a
problem, if the camera is rotated. It causes serious arti-
facts in the reconstructed image.'* However, our compact
camera is sufficiently light to avoid the misalignment of
the COR compared to clinical gamma camera. In the near
future, we will construct a small animal pinhole SPECT
system, which permits acquisition of complete data by
two-circular orbit, using a compact gamma camera.

CONCLUSION

We have developed a compact SPECT system using a
compact pixellated gamma camera for small animals. The
camera with an active detection area of 43.8 mm x 43.8
mm was equipped with a pinhole collimator. We evalu-
ated the basic physical performances and succeeded in
sequential SPECT imaging of rat myocardial perfusion.
The present system may be of use for quantitation of
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biological functions such as myocardial blood flow in
small animals.
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Summary
Pathophysiological basis of myccardial viability assessment

The identification of functionally recoverable
myocardinm mn regions of ventricular dvsfunetion is
chinteally relevant issue,  especially in the
management of patients with severely impaired
ventricular function. Several techniques have been
developed and applicd 1o elinical studies. Common
coneept is toadentify the pathophysiological status,
namely the cell potassinm potential,  water
perfusibility, or glucose consumption, in the area of
reduced wall contractile function, by using
radiotracers which tollows the physiological functions
i vivo, This article provides a brief review of
physiologieal basis of such assessment and their

linntations.
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