16

Table 2. Cerebral blood flow (mL.minute”.[100 gram of perfusable tissue]"), myocardial
blood flow (mL.minute'.[100 gram of perfusable tissue] ™), and normalized myocardial blood
flow (100mL.mmHg '.[heart-beat] ' .[gram of perfusable tissue]")

Rest Hypocapnea Hypercapnea
Cerebral blood flow 39.8 5.3 27.0 6.3F 48.4 1044
Myocardial blood flow 78.2£12.6 55.1 £14.6t 88.7+22.4
Normalized myocardial blood flow 934 £16.6 64.5 =18.3% 090.5+14.3

Significance of changes compared with the three groups: *P < 0.05, 1P < 0.01
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Clinical Usability of a Compact High Resolution
Detector for High Resolution and Quantitative
SPECT Imaging in a Selected Small ROI

Tsutomu Zeniya, Hiroshi Watabe, Member, IEEE, Hiroyuki Kudo, Member, IEEE, Y oshiyuki Hirano, Kotaro Minato,
Member, IEEE, and Hidehiro lida, Member, IEEE

Abstract= SPECT using compact high resolution detector or
pinhole collimator lllws to image physiological functions with
high spatial r However, when field-of-view (FOV) is
smaller than the object, the projection data are truncated by
radioisotope outside FOV, The truncation causes artifact and
overestimation, which decreases quantitative accuracy. Recently
Defrise et al proposed a new truncation-compensated
reconstruction method, that is, the truncated data can be
successfully reconstructed by fulfilling following conditions,
First, FOV contains zero or background counts outside the object
as koown value, Second, reconstructed image space is large
enough to contain the whole support of the object. They
demonstrated their theory by 2D X-ray CT simulation. This
study was aimed at evaluating clinical-SPECT usability of a
reconstructed image of a selected small region-of-interest (ROI)
with the above Defrise’s method. This evaluation was performed
by computer simulation with a numerical human brain phantom
and a detector with 2-mm resolution, 48-mm FOV and a parallel
collimator. The projection data were acquired including the area
outside the brain. After adding Gaussian noise, the projection
data were reconstructed by maximum likelihood expectation
maximization (MLEM) method on the reconstruction matrix
large enough te contain the whole !nppnrt of the brain. Thl:
simulation  showed that the ftr
reconstruction method could provide the image with high
resolution and the counts almost equivalent to that of original
image in the selected small ROI without the effect of truncation
for human brain. In conclusion, this result suggests that a
compact high resolution detector can be used for quantitatively
reconstructing a selected small ROI with clinical SPECT camera.
This technique can also use the pinhole collimator § d of the
compact high resolution detector.

I. INTRODUCTION
SPECT using compact high resolution detector or pinhole
collimator allows to image physiological functions with
high spatial resolution [1]. However, when such a small field-
of-view (FOV) detector is applied for a large object like
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human, the projection data are truncated by radioisotope
outside the FOV. The truncation causes arifact and
overestimation, which quantitative accuracy. Recently Defrise
et al proposed a new truncation-compensated reconstruction
method (2]. They demonstrated their theory by 2D X-ray CT
simulation. The aim of this study was to evaluate clinical-
SPECT usability of a reconstructed image of a selected small
region-of-interest (ROI) with the above Defrise’s method.
This evaluation was performed by 2D computer simulation
with & numerical human brain phantom.

1I. MATERIALS AND METHODS

A. Defrise's truncation-compensated reconstruction theory

Defrise’s  theory compensates the artifact and
overestimation due to truncation and exactly reconstructs for
FOV, by fulfilling the conditions as shown in Fig. 1.
Projection data must be acquired under first condition. And
then, the projection data must be reconstructed by iterative
reconstruction method such as maximum likelihood
expectation maximization (MLEM) method [3] under second
condition.

(DFOV contains zero or background
counts outside the objectas
known value

@Reconstruction space is large
enough to contain the whole
rt of the object.

Detector

Fig 1. Conditions 1o compensated anifact and overestimation due to
truncation in Defrise’s theory.

B. Computer Simulation

Figure 2 shows the numerical human brain phantom used in
this simulation. Image matrix is 90 pixel X 110 pixel
Assuming pixel size of 2 mm, the image size is 180 mm *
220 mm. Pixel values are 1 or 0.

A compact high resolution detector is with 2-mm resolution,
48-mm FOV. 24 bins and a parallel-hole collimator,
Projection data for ROI shown by red circle in Fig. 2 were

Sy ;nﬁ“::d"mm'm il g urE i i;'—?:i’u; _,.m_s‘hm o acquired by a circular orbit shown by green line, over 180°,
978-1-4244-2715-4/08/$25.00 ©2008 IEEE 4257
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with 3°step and 60 views. This ROl included the area
outside the brain. After adding Gaussian noise, the projection
data reconstructed by MLEM method, on the reconstruction
matrix of 90 pixel X 110 pixel large enough to contain the
whole support of the brain to satisfy the condition of Defrise’s
theory. To compare with conventional reconstruction method
using small reconstruction matrix, projection data with 24 bin
were also reconstructed on the reconstruction matrix of 24
pixel X 24 pixel. The number of iteration in MLEM
reconstruction was 24 for each method

To compare with conventional clinical SPECT, untruncated
projection data including the whole of the brain were acquired
by a 220-mm large FOV (22 bin) detector with low resolution
of 10 mm, over 360° with 3% step and 120 views. Afler
adding Gaussian noise, the projection data were reconstructed
by ordered subsets expectation maximization (OSEM) method
[4] which is an accelerated MLEM. The OSEM parameters
were 8 subsets and 3 iterations.

As reference image, untruncated projection data including
the whole of the brain were acquired by a 220-mm large FOV
(110 bin) detector with high resolution of 2 mm, over 360°,
with 3° step and 120 views. After adding Gaussian noise, the
projection data were reconstructed by OSEM method with 8
subsets and 3 iterations. However, this detector is impractical
because it is too expensive if manufactured.

The images obtained in this simulation were visually
compared, and also the profiles of the images were obtained
on line shown by yellow in Fig. 2 to compare quantitatively.

In this simulation, the effects of attenuation, scatter and
blurring by collimator were not considered because this
simulation was aimed ai evaluating truncation-compensated
method.

: “Small FOV detector
Profile line

Fig. 2. The numencal human brain phantom used in this simulation. The
green line is circular orbit of the small FOV detector over 1807, The red circle
is ROL The yellow line is the position of profiles shown Fig. 4, Pixel values
are | or 0

11

Figure 3{a) shows the image reconstructed from untruncated

projection data using the small FOV detector with low

resolution. The obtained image had low resolution. The detail
of brain structure was not observed

RESULTS AND DISCUSSION

Figure 3(b) shows the image reconstrucled from
untruncated projection data using the large FOV detector with
high resolution. The image with high resolution was obtained
and the fine structure was observed. However, such a high
resolution and large FOV detector is impractical because it is
too expensive if manufactured.

Figure 3(c) shows the image reconstructed from truncated
projection dala obtained using the small FOV detector with
high resolution. The projection data were reconstructed on the
small reconstruction matrix as conventional reconstruction
method. The reconstructed image had artifact and the pixel
counts were significantly overestimated.

Figure 3(d) shows the image reconstructed from truncated
projection data using the small FOV detector with high
resolution. The projection data were reconstructed on the large
reconstruction matrix as proposed reconstruction method. The
obtained image was with high resolution and the pixel counts
almost equivalent to that of original image without the effect
of truncation in the selected small ROI,

Cs Hgh 3 o
SPECT with low FOVEPECT mrd mwll FOY e evmll FOY
ronalution snd ke FOV SPEGT+omall  SPECT+ large
oo e Pocorminactan
ratris martris (Proposed
method)
1.07

Y E
.L

i

[
ik )

Fig. 3. The reconstructed images obtained in this simulation All images
were displayed with the rnge of same gray scale [0-1.07] (a) The image
obtained from the untruncated projection data of large FOV detector with low
resolution &s conventional climical SPECT. (b) The image obtained from the
untruncated projection data of large FOV detector with high resolution as the
reference imuge. (c) The image reconstructed from the truncated projection
data of small FOV detector with high resolution, on the small reconstruction
malrix as conventional reconstruction method. (d) The image reconstructed
from the truncated projection data of small FOV detector with high resolution,
by the large reconstruction matrix as proposed reconstruction method

fa)

i€l

Figure 4 shows the line profiles in a small ROI on the
images obtained from the high-resolution detectors. When the
truncated projection data from small FOV detector were
reconstructed on the small reconstruction matrix, the obtained
image had extremely high counts on the edge of and the pixel
counts were wholly overestimated. On the other hand, when
the truncated projection data from small FOV detector were
reconstructed on the large reconstruction matrix, the profile of
the image had good agreement with that of the image from the
untruncated projection data.
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3
) —Original image
25 M
€ >
S 2 —Large FOV @
_§I 5
X M\ /] —suairovs )
o N small recon matrix
035 1
‘ —Small FOV + large [‘]

0+ 1 - |1 : recon matrix

24 34
Position (pixel)

Fig 4. In a small ROL the line profiles on the image obtained by
reconstructing data from high-resolution detector by each method.

1V, CONCLUSION
These results suggest that a compact high resolution
detector can be used for quantitatively reconstructing a
selected small ROI with clinical SPECT camera. This
technique can also use the pinhole collimator instead of the
compact high resolution detector.
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