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INTRODUCTION

The objective of this study is to evaluate the
orbit(NCO) SPECT acquisition
module on the Siemens Diacam single head cam-

non—circular

era and to compare it to the standard circular
orbit (CO) acquisition package. We wish to de-
termine whether the closer orbit of the NCO
study yields improvements in image contrast and

resolution sufficient to justify the increased set—

up time and complexity of camera calibration.
MATERIALS AND METHODS

A Jaszczak SPECT phantom (Fig. 1) contain-
ing 500 MBq of *"Tc¢ was employed to assess the
hnearity and uniformity characteristics of the
NCO reconstruction algorithm and to compare
CO and NCO image quality.
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Fig. 1. Jaszczack phantom a) components. b) fully assembled.

Fig. 2. Assessment of linearity on a) CO slice. b) NCO slice.

Table 1. Average Frame Counts for each Acqui-

sition
Acquisition - Type 64 X 64 128 x128
CO 304,344 346,730
NCO 284,158 325,029

The camera used was a Siemens ‘Diacam’ with
a 533 x387mm rectangular field of view. This
camera’s intrinsic spatial and energy resolutions
were 4.7mm FWHM and 11.0% FWHM
respectively.

Four studies were acquired in all, two using

the NCO module and two collected using stan-
dard CO acquisition (see Table 1)with a low en-
ergy high resolution parallel hole collimator. For
both types of acquisition (CO and NCO) 64
views were taken over a full 360°. The scan time
per view was 25 seconds and a software zoom of
1.5 was employed. Average frame counts for
each acquisition is tabulated below. Frame
counts decrease from their maximum as the
activity in the phantom decays. The order of
acquisition was determined by the expected noise
properties of the projections(ie the 128 X128 CO

-119 -



—KEEBLEW  B20% B 15K A% B3 199%5—

Table 2. Reconstruction Filter Characterisites
for NCO and CO Acquisitions

iransverse section.

Fig. 3. Contrast region of jaszczak phantom. a) Circular orbit, transverse section. b) NCO,

Table 4. Contrast Data for 38.1mm Sphere

64 x 64 128 x128
Matrix si Cut-off Ord
xS 4 roer co min 299 202
6464 0.6 4 max 871 835
128x128 0.25 4 coritrast 49% 61%
NCO min 207 177
Table 3. Uniformity Data max 836 907
64 X 64 128%128 contrast 60% 67%
Co min 720 721
max 1000 1000 Table 5. Contrast Data for 31.8mm Sphere
mean 841 882 64 <64 128 %128
variance 1762 2350 CO min 409 361
coef. var 5.0% 5.5% max 963 879
contrast 40% 42%
contrast 16% 16%
C - NCO min 408 330
NCO min 760 767 max 932 958
max 985 991 contrast 39% 49%
mean 893 867
variance 2068 1688 and the NCO orbit was set up with a major axis
coef. var. 5.0% 4.7% of 50cm and a minor axis of 30cm. The NCO
contrast 12% 13% module on the Siemens sytem requires a pixel

was expected to be most noisy, the 64 x 64 NCO

was expected to be least noisy).

The diameter of the circular orbit was 50cm

size calibration.

Separate calibrations are required for each
combination of collimator and zoom factor em-
ployed and each calibration takes 5 minutes to
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Table 6. Contrast Data for 25.4mm Sphere

64 % 64 128 x 128
CO min 561 544
max 945 930
contrast 25% 27%
NCO min 609 540
max 945 930
contrast 22% 27%

Table 7. Contrast Data for 19.1mm Sphere

64 X 64 128 x128
CO min 605
max 898
contrast 19%
NCO min 571
max 995
contrast 27%

complete. In addition, NCO acquisition on the
Diacam requires that an orbit be established
manually-this process takes between 5 and 10
minutes to complete.

Studies were reconstructed with a Butterworth
filter and a single iteration of Chang’s method"
was used(with manually defined contours) to
correct the studies for attenuation. The recon-
struction filter parameters used are tabulated
below:

The transverse sections from the reconstruc-
tion were grouped(3 images to a group) prior to
assessment to reduce the effects of random
noise.

The hnearity of the reconstructed studies was
assessed visually by comparing rows of cold rods
in the phantom images with user defined line
ROls.

Uniformity was measured quantitatively by
drawing circular ROIs on the uniform flood area
of the phantom images. A coefficient of variation
was computed across each region by dividing the
standard deviation of pixel counts by the

Table 8. Resolution Data: Number of Visualised
Cold Spheres

64 %X 64 128 x128
CO 4 5
NCO 5 5

Table 9. Resolution Data: Number of Visualised
Cold Rod Segments

64 x 64 128128
Co 2 1
NCO 2 3

mean pixel count. A measure of contrast was
also determined according to the usual formula:

Contrast= (max-min) + (max-+min) X 100%

Where max is maximum pixel counts in the
ROI and min is minimum pixel counts in the ROL
Contrast of cold spheres was determined using
the same formula, applied to ROIs drawn to
surroud the spheres. Resolution was assessed by
determining the number of spheres and rod seg-
ments in the phantom that could be visualised in
transverse section.

RESULTS
1) Linearity

Visual inspection of the cold rod alignment,
using a straight line ROI as a guide, revealed no
obvious distortion of the image in either CO or
NCO studies(see Fig. 2).

2) Uniformity

For quantitative measurement of uniformity, a
region of interest was drawn on a transverse
slice through the CO image of the uniform flood
portion of the Jaszczak phantom. This region
was then copied directly to a corresponding slice
through the NCO image. Minimum, maximum
and mean pixel counts within the region were ex-
tracted, as was the variance of pixel counts. Co-
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efficient of variation and contrast were comp-
uted. The results appear in Table 3.

From this data, there appears to be a small im-
provement in uniformity in the case of NCO

acquisition.
3) Contrast

Regions of interest were drawn around each of
the four visible spheres on one transverse slice
through the CO image of the Jaszezak phantom
(Fig. 3).

These regions were then copied to a corre-
sponding slice on the NCO dataset. Minimum and
maximum pixel counts within the regions were
extracted and a contrast value computed for
each region. The results are shown in Table 4, 5,
6, 7.

The NCO image slice through the 38.1 mm
sphere(Table 4) demonstrates improved contrast
for cold features with respect to the correspond-
ing CO image slice. The difference is more
marked on 64 X 64 images.

For the 31.8mm sphere(Table 5), contrast is
improved with NCO acquisition for the 128 x 128
matrix but no improvement is seen for the 64 x
64 acquisition.

In Table 6(25.4mm sphere), it is seen that no
contrast gains are obtained from NCO and there
is a suggestion that contrast may actually be re-
duced for 64 x 64 matrix acquisition.

In Table 7, improved contrast is observed in
the 128x128 NCO acquisition. The 19.1mm
sphere is not visible in either 64 x 64 image set.

The contrast data indicates that whilst there
are some improvements with NCO for large ob-
jects(~3cm)there is no substantial difference
for objects of smaller size.

4) Resolution

The resolution of images was determined by
visual inspection. For each study, the smallest

resolvable spheres and rod sections were record-
ed(Table 8, 9).

It was observed that the spheres are more
clearly defined in the 128 X 128 images.

From this data, it is clear that there is a slight
improvement in resolution with the NCO

acquisition.
Clinical Opinion

Finally, CO and NCO transverse slices were as-
sessed visually by an experienced, unbiased 2
clinical observers. Slices through the rod area
and sphere area of the phantom images were
compared. According to the clinician, NCO pro-
vided better images of the sphere area, whilst CO
produced better images of the rod area.

DISCUSSION

There are a number of practical considerations
when acquiring SPECT data, such as collimator
selection”, matrix size, number of angles, 360°
or 180° acquisition®, continuous or step & shoot
acquisition, circular or non—circular orbit acqui-
sition®,

The source—collimator distance is typically
greater in SPECT than in planar imaging, caus-
ing a ‘drop—off’ in resolutuon. This ‘drop—off’ of
resolution with depth is less for collimators with
longer septa. The tradeoff between resolution
and sensitivity is more complicated in SPECT. In
general, a high resolution collimator is preferable
to a LEAP collimator for SPECT?,

Shannon’s sampling theory® states that you
must have at least 2 samples(pixel) per resolu-
tion element to faithfully reproduce the spatial
frequencies in the image object. Note that im-
proved sampling can also be achieved when im-
aging small objects by zooming, without increas-

ing reconstruction time.
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As well as linear sampling(matrix size), angu-
lar sampling must also be considered. Insufficient
angular sampling results in streaking which is
worse near the edge of the object. Practically, we
usually use 64 angles over 360° for chinical ob-
jects such as heart.

However, for brain and spine SPECT, at least
128 angles is required.

Image artifacts and distortion occur in SPECT
due to variable attenuation and spatial resolu-
tion®. The distortion is less in 360° studies be-
cause of the averaging of opposing views. How-
ever, 180° acquisition has some advantages
when the organ of interest is close to the edge of
the body such as in heart and spine.
single head SPECT
systems only allowed images to be acquired at

Most early rotating

discrete angles. In newer SPECT systems, the de-
tector can continuously acquire data as it rotates
around the subject, without stopping called con-
tinuous acquisition.

A non circular orbit by a rotational and trans-
lational motion improves the resolution due to
closer distance between patient and collimator,
and increased lesion detectability due to the shift-
ing of the detector center comparing the object
center during the rotation®”.

In a circular orbit, the systematic nonun-
iformity of the projection causes ring artifacts.
For avoid of ring artifact of the reconstruction
center requires of the correction flood and
smoothing of the projection®. The Jaszczak phan-
tom has six sectors of non radicactive rods in a
radioactive rods in a radioactive background
22cm in diameter. The rod diameters are 4.9,
6.4, 7.9, 9.5, 11.1 and 12.7mm. From our results
the non-circular orbit significantly improved con-
trast for the 128 x 128 matrix, though slight im-
provement is seen for the 64 x 64 matrix, and the
resolution is also slightly improved in non circu-
lar orbit.

Most SPECT systems now also offer ‘body
contoured’ rotation. This means that the radius
of rotation(ROR) is varied as the detector ro-
tates to minimise the patient—collimator distance
at each angle. The contour can be learned during

patient set-up using laser.

CONCLUSION

We have compared the SPECT image quality
of a 50x30cm elliptical orbit{NCO) and an
equivalent circular orbit of 50cm diameter. We
have performed quantitative measurements of
uniformity and contrast and also some qualita-
tive measures on linearlity and resolution. From
our study we have seen that the NCO does not
degrade uniformity or linearlity compared to CO
and produces increased contrast in images of ob-
jects greater than 3cm diameter. The image
resolution is improved for NCO mode in 128 X
128 matrix. All improvements were achieved
without increasing noise, though slightly increas-
ing scan time(10 minutes per scan). Potential
users should consider other sources of SPECT
image degradation such as organ motion as well
as have to weigh the cost of increased system
calibration and set—up requirements versus the
benefit of improved image contrast.
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