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One type of SPECT system often used for simultaneous emission-
transmission tomography is equipped with parallel-hole collimators,
moving line sources (MLS) and electronic windows that move in
synchrony with the sources. Although downscatter from the emis-
sion distribution is reduced by the use of the electronic window, this
still can represent a sizable fraction of the transmitted counts. These
systems have relatively poor spatial resolution and use costly
transmission sources. Methods: Using a two-head SPECT system,
with heads at right angles, two '53Gd line sources (5800 MBq each)
were replaced by two '3Gd point sources of only 750 MBq each
and positioned to move along the focal lines of two half-fanbeam
collimators. A suitable acquisition protocol for a moving point source
(MPS) system was selected by considering the results of a simula-
tion study. With this protocol, physical phantom experiments were
conducted. Results: Simulations showed that by using two half-
fanbeam collimators, a gantry rotation of 90°, such as used for 180°
acquisition with parallel-beam collimators for cardiac imaging, was
insufficient. A gantry rotation of 180° resulted in attenuation maps
where only an area to the posterior of a 400-mm wide thorax
phantom was affected by truncation. The MPS system had a 14.7
times higher sensitivity for transmission counts than the MLS sys-
tem. Despite the smaller sources in the MPS system, the number of
acquired transmission counts was a factor 1.91 times higher com-
pared with the MLS system, resulting in reduced noise. The relative
downscatter contribution from ®*™Tc (140 keV) in the '**Gd moving
electronic window (100 keV) was reduced by a factor of 1.81.
Transmission images of a rod phantom with segments containing
acrylic rods of different diameters showed an improvement of
resolution in favor of the MPS system from about 11 mm to about 6
mm (five instead of two segments of rods were clearly visible). In
addition, the noise level in the MPS thorax transmission images was
significantly lower. Conclusion: The MPS system has important
advantages when compared with the MLS system. The use of
low-activity point sources is economically beneficial when com-
pared with line sources and reduces radiation exposure to staff and
patients.
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Photon attenuation in patients greatly degrades quantitation of
SPECT images and introduces image artifacts and distortions.
Accurate correction for attenuation can be performed when the
density distribution of the patient is known [for example from
transmission CT (TCT) images]. Attenuation correction using
separate transmission CT is difficult, since the three-dimen-
sional radiograph image needs to be registered accurately to the
SPECT scan. Much effort has been expended during the last
decade in developing SPECT systems that acquire TCT data
simultaneously with the emission data [emission CT (ECT)-
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TCT scanning]. The use of such systems can improve signifi-
cantly the diagnostic accuracy of cardiac SPECT for the
detection and localization of coronary heart disease (/). In
addition to attenuation correction, transmission maps can be
useful for anatomical localization of activity (e.g., in tumors and
infectious foci), for registration of images from other imaging
modalities, for dose calculations (2—4) and attenuation, map-
based, scatter correction (5-1/). A large variety of hardware
configurations and reconstruction algorithms for combined
ECT-TCT imaging are summarized in (/2,13).

One class of ECT-TCT systems uses parallel-hole collimators
combined with sheet sources (14-19) (Figure 1A). To reduce
both radiation dose to the patient and scatter and to improve
resolution, the sheet source may be collimated (/4,20). ECT-
TCT systems equipped with parallel-hole collimators have been
improved significantly by using high-intensity, moving line
sources and an electronic window moving in synchrony with
the source [“electronic collimation™ (27)] (Fig. 1B). The mov-
ing electronic window defines a “strip” on the detector in which
transmission counts are collected. Counts on the remainder of
the detector area are collected into the emission image. In the
case of a parallel-hole collimator and a flood source (Fig. 1A),
a low number of transmission counts is obtained and a high
amount of downscatter from the emission distribution is de-
tected. When the transmission source is a concentrated moving
line source, the same amount of transmission counts are
acquired in the moving electronic window (Fig. 1B), but the
downscatter contribution is lower since downscatter now is
acquired only during a fraction of the total acquisition time, as
defined by the ratio of the electronic window width to the field
size. Therefore, the moving line source (MLS) system permits
improved separation of ECT and TCT data and possible use of
transmission sources with a lower energy than the radiophar-
maceutical, with significantly reduced downscatter, as is shown
by the graphs in the bottom row of Figure 1. An MLS system,
with two camera heads at right angles, is shown at the left in
Figure 2. An advantage of parallel-hole geometries, compared
with most converging geometries, is that truncation of the
subject in projection images is avoided in nearly all cases
provided the camera field size is sufficiently large. The disad-
vantage is that the required activity of a fresh '*3Gd line source
is relatively high (typically 100-250 mCi). Even with this
source activity, very few TCT counts are acquired in some
pixels when large patients are scanned. This leads to problems
in reconstruction, especially when these low-count pixels have
to be corrected for downscatter from *™Tc. Regular replace-
ment of '%3Gd line sources (half-life 241.6 days) is expensive,
and difficulties have been experienced by some departments in
obtaining licenses for the use of these potent sources. The
degrading effects of downscatter can be corrected (21,22),
albeit at the cost of some noise amplification. This noise
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FIGURE 1. Comparison of ECT-TCT ge-
ometries: (Top row) diagram of the sys-
tem; (bottom row) indication of relative
number of acquired '°Gd transmission
counts (T) compared with the emission
downscatter counts from *™Tc (E,) de-
tected in '°Gd window at 100 keV and at
position on the detector where transmis-
sion radiation has traversed large attenu-
ating object. Relative height of bars is
based on approximations. (A) Parallel-
hole collimator and transmission flood
source. (B) Parallel-hole with moving line
sources. (C) Fanbeam with fixed line
source. (D) Fanbeam with moving point
source.
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amplification is lower when the relative amount of downscatter
is lower. The resolution of TCT images produced by parallel
geometries is poor compared with ECT-TCT systems equipped
with converging beam geometries (23). Despite these draw-
backs and the additional costs for the electronic and mechanical
devices to translate the source, scanning line source systems are
currently available from several manufacturers.

Another class of methods for ECT-TCT uses fanbeam colli-
mation with a transmission line source in the focal line (Fig. 1C)
(23-27). The resolution of fanbeam TCT images is much higher
than parallel-beam TCT images (23) since the measurements
approximate line integrals originating from a small-diameter
source. The activity of the line source is substantially lower than
that needed for parallel geometries and is limited by the
counting rate of the gamma camera (26). However, projection
images of large patients often are truncated for a substantial
number of angles. This causes undersampling and, therefore,
artifacts in the outer region of the field of view (Fig. S, top
right). Although efforts have been made to reduce the effects of
truncation (for example, by including some form of support in
the reconstruction), truncation potentially leads to artifacts in
the final reconstruction. Consequently, truncation should be
minimized, for example, by using asymmetric fanbeam colli-

mators (12,27-33). As with the parallel-hole geometries, con-
tamination of transmission data by downscatter is substantial in
the case of simultaneous ECT-TCT acquisition with fanbeam
collimators (34). Correction for this photon crosstalk is possible
at the cost of increased noise in the transmission image.

To further improve sensitivity and resolution of both emis-
sion and transmission imaging, cone-beam collimators can be
used (35). However, the problem of truncation in cone-beam
tomography is even worse than in fanbeam reconstruction and,
therefore, these geometries may be insufficient for ECT-TCT
imaging of large objects with currently available detector sizes.

The aim of this study was to develop an ECT-TCT geometry
that is optimal for acquiring cardiac images. A dual-head
SPECT system was equipped with half-fanbeam collimators
and point sources that moved along the lines of focus of the
half-fanbeam collimators (Fig. 2, right). In this way, the
advantages of fanbeam collimation (high resolution, high
sensitivity) and a moving source plus moving electronic
window (to reduce relative downscatter) were combined
(Fig. 1D). The required acquisition for adequate sampling of
a cardiac study, transmission and emission image quality and
sensitivity of the system for both downscatter and emission
counts from the cardiac region were investigated.

FIGURE 2. System with two heads at \

right angles for simultaneous ECT-TCT
imaging with moving sources and moving

oW

electronic windows. (Left) System with

paraliel-hole geometry and moving line

sources (MLS). (Right) System with half
fanbeam collimators and moving point
sources (MPS). Sources move in axial
direction and are collimated in axial direc-
tion to only iradiate strips defined by
moving electronic windows.
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MATERIALS AND METHODS

Point Source Moving Along Focal Line of Asymmetric
Fanbeam Collimator

In Figure 2, two different SPECT geometries with moving
sources and moving energy windows are shown. In both the
sources are collimated in the axial direction to irradiate only the
moving electronic window. At the left is an MLS system equipped
with two parallel-hole collimators (hole length 54 mm, hexagonal
hole diameter 2.03 mm, septum thickness 0.152 mm) and two
153Gd moving line sources of 5800 MBq (156 mCi), diameter
1.5 = 0.1 mm, length 508 * 3 mm. This attenuation-correction
system (Vantage®, mounted on an ADAC Vertex SPECT system;
Milpitas, CA) was used for comparison with the moving point
source (MPS) system mounted on the same SPECT camera.

The MPS system used two asymmetric fanbeam collimators and
two moving '*3Gd point sources (Fig. 2, right). The collimators
were manufactured by the lead casting method (Nuclear Fields BV;
Vortum Mullem, The Netherlands). The hole length of the fanbeam
collimator was 51 mm, the diameter of the hexagonal holes was
1.90 mm and the septum thickness was 0.23 mm. The distance
from the crystal to the focal line was 890 mm, and the focal offsets
were 257 mm and —257 mm resulting in two half-fanbeam
collimators with opposed offsets (Fig. 2, right frame). This permits
positioning the patient close to the detectors and minimizes
truncation artifacts on the anterior and left lateral sides of the
patient.

Since all collimator holes in the central slice of the moving
electronic window pointed to the concentrated point source, a
greatly increased sensitivity for transmission data was obtained
with a limited amount of activity, rather than by a parallel
collimator receiving transmission data from a strong line source.
The current choice of point-source activity of 750 MBq (20.3 mCi)
for each source resulted in a 1.91 times higher number of
transmission counts in the blank scans compared with the use of
line sources (with activity as stated above). Accounting for relative
activities, the sensitivity for transmission counts was a factor 14.7
times higher than for an MLS system. The dimensions of the point
sources were: diameter 1.5 * 0.1 mm, length 3.0 = 0.5 mm. The
choice of the point-source activity was limited by the dead time of
the cameras. Using the current activity, the counting rate during
acquisition of blank scans was 52 Kcts per sec, with no need for
dead-time correction.

Both the line source and the point source used a source holder
that was supplied with the ADAC Vantage attenuation-correction
system. The source holders contained a rotating lead shutter
(diameter 14.1 mm, distance between shutter halves 3.2 mm) and
a slit (width 1 mm) for axial collimation (Fig. 3). The slit-to-source
distance was 48 mm. The position of the shutter in the point source
and the line source was identical, resulting in approximately the
same axial width of the irradiation pattern on the moving electronic
window. The width of the electronic window was 13% (= 49 mm)
of the total axial width of the detector (380 mm).

Both the line and point sources were translated by a mechanical
device provided by the camera manufacturer (ADAC Vantage
attenuation-correction system). This device included a rotating
spindle that transported the line-source holder. Poor reproducibility
of the source speed can cause nonuniformities in the axial direc-
tion, which can differ for different projections. To check whether
this was the case, 20 blank scans were acquired under different
gantry angles, and 52-pixel wide (254.44-mm) line profiles, drawn
perpendicular to the transportation direction of the line source,
were analyzed for reproducibility. The average standard deviation
in the profile bin values was 46.29 [2.19% of the average counts in
the profile bins (2113.6)]. The standard deviation blank scan pixels

shutter
slit
SLIT
LEAD  SHIELDING
ROTATING SHUTTER | point
source
SOURCE motor
drive

FIGURE 3. Line and point-source holder. (Left) Cross-section of source
holder. (Right) Source holder with point source. Point source can be replaced
by line source.

(based on 40 counts in a 4.72 mm X 4.72 mm pixel), caused by
Poisson statistics only, was 15.8%. This means that the standard
deviation caused by mechanical inaccuracies in individual pixels
was small compared with the other sources of error. The results in
this article were based on this quality of blank scans.

Reconstruction Algorithms

Transmission images of both MLS and MPS geometries were
reconstructed with an iterative algorithm [convex algorithm, (36)].
The number of iterations performed was 45, and a uniform start
image was used. A projector backprojector that incorporates a
transformation that accounts for the half-fanbeam geometry (37)
was implemented.

The emission images were reconstructed by the maximum
likelihood expectation maximization (ML-EM) algorithm as for-
mulated in Lange and Carson (38). Sixteen iterations of the
ML-EM were performed. The projector backprojector incorporated
the same fanbeam transformation as was used for reconstruction of
the transmission map. Depth-dependent resolution and scatter were
not included. Only nonuniform attenuation and varying sensitivity
for emission radiation due to the varying collimator hole angle of
the fanbeam collimator were modeled in the reconstruction algo-
rithm. The method that accounts for varying collimator hole angle
is clarified in Figure 4. Modeling of the varying sensitivity over the
field of the fanbeam collimator in the emission reconstruction was
accomplished by taking into account the fact that the number of
holes per pixel and, thus, the sensitivity for emission counts, is
reduced when the angle a of the collimator holes increases. If
constant hole length is assumed, the sensitivity is proportional to
cos a. The constant hole length was achieved by reducing the
collimator thickness with increasing offset x (Fig. 4).

Simulation to Assess Acquisition Geometry

With parallel-beam collimators, an acquisition angle of 180° is
known to be sufficient to sample the entire object. For a system
with two heads at right angles, this means that the gantry has to
rotate only 90°. For a single, symmetrical, fanbeam collimator, it is
sufficient to acquire over 180° plus the fan angle. The MPS
geometry differs in that the fanbeam collimators are asymmetrical
and have opposed offsets similar to that shown in (12). Therefore,
the effect of acquiring TCT projections with different gantry
rotation angles was investigated. Simulation of the transmission
data was performed with a projector that calculated the attenuation
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FIGURE 4. Due to increasing hole
angle with increasing x, reduced
number of holes per bin collect pho-
tons. Hole length is kept constant
over field of view by reducing colli-
mator thickness with increasing x.

paths through the object. The focal line locations were equal to
those in the real system. The acquisition angle and geometry (focal
distance and offset) were modeled by transforming the attenuation
distribution [similar to Zeng et al. (37)]. The beginning and ending
positions of the gantry in the MPS system are shown in the bottom
row of Figure 5. The attenuation distribution (Fig. S, top left) was
based on the digital MCAT thorax phantom (39). The phantom was
400 mm wide. The simulations were performed on a relatively fine
grid (128 X 128 pixels) compared with the reconstruction of the
simulated projections (64 X 64 pixels) so as to partly simulate the
continuous character of real data. Since the simulation study was
performed to verify completeness of sampling, no noise was added.
The simulated transmission images were assessed by visual inspec-
tion (Fig. 5).

Physical Phantom Experiments

Rod Phantom Transmission Images. To compare the resolution
of transmission maps of MLS and MPS systems, a rod phantom
insert (Model ECT/STD/P; Data Spectrum Corporation, Hillsbor-

MCAT phantom

ough, NC) was used. The diameters of the acrylic rods in the six
pie-shaped sectors were 4.8, 6.4, 7.9, 9.5, 11.1 and 12.7 mm. The
center-to-center distance of the rods was twice the diameter of the
rods.

Based on the results of our experiments described earlier, the
fanbeam projection data were acquired for 120 projections during
180° gantry rotation with start and stopping positions as shown at
the right in the bottom row of Figure 5. The projection pixel size
was 4.72 mm, the matrix size was 128 X 128 and the time per
projection was 25 sec. Over this time, the source was translated
along the entire detector (380 mm wide). The parallel data were
acquired over 180° (90° gantry rotation) with acquisition angles as
shown at the left in the bottom row of Figure 5.

Anthropomorphic Thorax Phantom

To test the MPS system under circumstances that were close to
those in cardiac studies, a nonuniform thorax phantom (size 380 X
260 mm; Model ECT/TOR/P; Data Spectrum Corporation) was
imaged. The thorax phantom contained lungs filled with a mixture
of styrofoam and water (=~ 1/3 water density), a liver, a Teflon
spine and a heart insert. The same acquisition parameters as for the
rod phantom were used, except that 60 projections were acquired.

To evaluate the emission images and effects of downscatter on
the transmission images, the thorax phantom was filled with ™ Tc.
The amount of activity in the left ventricle wall was 18 MBq
(=0.15 MBg/ml), the background contained 68 MBq (= 0.0075
MBg/ml), the liver contained 84 MBq (=~ 0.07 MBg/ml) and the
lungs contained 13.7 MBq (left) and 16.2 MBq (right) (= 0.015
MBg/ml). The amounts of activity were based on values found in
(40) and were derived from **™Tc-sestamibi cardiac studies. The
emission acquisition time was 25 sec per view. The transmission
acquisition time was 24 sec per view.

The amount of downscatter can be important in the case of low
transmission counts; therefore, the downscatter was, compared
with the total transmission counts. The global downscatter fraction
was defined as the total number of downscatter counts in all
projections, divided by the total number of transmission counts in
all projections when no attenuating object was present. The total

Symmetrical fan

(reference)

FIGURE 5. Simulation study for assess-
ment of transmission maps at different
gantry rotation angles. (Top left) Slice of
density distribution of MCAT thorax
phantom. (Top right) Reconstructed at-
tenuation map based on 400-mm wide
with 500-mm focal distance (47). (Second
row) Images based on simulated acquisi-
tion with double-headed system (detec-
tor width 510 mm) and half fanbeam
collimators (Fig. 2). Gantry rotation angles
equal 90°, 120°, 150° and 180°. Begin-
ning and ending positions of clockwise
gantry rotation are shown in bottom row.
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FIGURE 6. Transmission scan of rod phantom. (Left) Slice of rod phantom
reconstructed from parallel-hole data. (Right) Reconstruction based on data
acquired by half-fanbeam collimators and moving point sources. In both
cases, total acquisition time was 12.5 min.

amount of downscatter in the projections was measured by closing
the shutter during acquisition of a thorax phantom filled with
activity.

For MPS systems, the sensitivity increased because fanbeam
collimators were used. On the other hand, the fraction of counts
originating from the heart decreased because, for a 180° gantry
rotation, in some views from the back, more attenuating tissue was
present between the heart and the detector. To compare the
sensitivity of the MLS system and MPS system for counts emitted
from the heart, measurements with the anthropomorphic thorax
phantom with 21.6 MBgq in the left ventricle wall were performed.
In this experiment, no activity was present in the other segments of
the thorax. The total acquisition time for MLS and MPS was equal.
The gantry rotation for MLS was 90° and for MPS 180°, as in the
measurements described earlier.

RESULTS

Simulation to Assess Acquisition Geometry

In Figure 5 reconstructions based on 120 projections acquired
over different gantry rotation angles are shown. For reference,
in the top row, the true density distribution (slice of the digital
MCAT phantom) and a reconstruction of a simulated transmis-
sion map of a triple-head system with a fanbeam collimator
with a focal distance of 500 mm and a detector width of 400
mm (41) are shown. For the double-head system with half-
fanbeam collimators, a single gantry rotation of 90° was
insufficient (second row, left); the attenuation factors were
affected, even in the cardiac region. The results improved when
the gantry rotation angle was increased (second, third and fourth
from left, second row). The beginning and ending positions of
the gantry are shown in the bottom row. Based on these results,
a 180° gantry rotation was chosen for acquiring physical
phantom data.

Physical Phantom Experiments

Rod Phantom Transmission Images. In Figure 6 transmission
images of the rod phantom are shown. The data were acquired
by MLS and MPS with equal acquisition times. Both images
were noisy since a small slice thickness (9.44 mm) was used.
Better images for both geometries can be obtained by summing
a larger number of slices and/or using longer acquisition times.
The current choice, however, was closer to the slice thickness
typically used under clinical circumstances. It is clear from
Figure 6 that use of the MPS system resulted in a much higher
resolution than that of the MLS system. Rods in five of the six
segments (smallest rods 6.4 mm) were visible in the MPS
system instead of rods in only two segments (smallest rods 11.1
mm) for the MLS system. The resolution of parallel- or
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FIGURE 7. (Left) Slices with image profiles of transmission images of thorax
phantom reconstructed from parallel-hole data (30° gantry rotation). (Right)
Reconstruction based on data acquired by half-fanbeam collimators and
moving point sources (180° gantry rotation). (Top) Without emission activity in
thorax phantom. (Bottom) Thorax phantom containing activity.

slant-hole transmission images varies significantly with the
position in the image plane (42). The number of visible
segments in MLS can be varied between one and three by
rotating the rod phantom.

Anthropomorphic Thorax Phantom. In Figure 7 transmission
images and image profiles of the anthropomorphic thorax
phantom, obtained by the MLS and MPS systems, are shown
(slice thickness 9.44 mm). To reduce noise but preserve edges,
both images were postprocessed twice by applying a three-
dimensional median filter with a window length of 3 pixels. The
mean and standard deviation of the density were measured in a
rectangular region (10 X 10 pixels) in the cardiac (central) area
of the thorax phantom. For the phantom without activity (Fig. 7,
top row), the mean and standard deviation for MLS were 0.911
and 0.118, respectively, and for MPS 0.983 and 0.071, respec-
tively. For the phantom with activity (Fig. 7, bottom row), these
numbers were 0.477 and 0.065 (MLS) and 0.677 and 0.044
(MPS). Thus, a significantly lower bias and noise were found in
MPS. Furthermore, the MPS images showed improved resolu-
tion. In the MPS image, effects of truncation were seen only on
the right dorsolateral region of the transmission image. This
region is probably of minor importance for attenuation correc-
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FIGURE 8. Transaxial slices of ®™Tc emission images of thorax phantom
reconstructed from parallel-hole data with 90° gantry rotation (left) and from
half-fanbeam collimators and moving point sources with 180° gantry rotation
(right).

tion (43). The truncation effects appeared to agree with those
seen in the images of the simulation study. The noise level of
the images of the phantom containing activity was lower than
for the empty phantom. This was caused by the increased count
level in the transmission window when downscattered photons
were collected. The downscatter introduced a substantial bias in
the transmission maps.

The total blank scan counts for parallel-hole and fanbeam
acquisitions were 30912 and 59043 Kcts, respectively; the
amount of downscatter was 428 Kcts and 449 Kcts, respec-
tively. Thus, a 1.81 times lower global downscatter fraction was
measured for MPS than for MLS. This explains why the
parallel-hole images were affected more by downscatter than
the fanbeam images.

In Figures 8, 9 and 10, emission images of the thorax
phantom and reoriented slices through the left ventricle insert
are shown. To reduce noise, the emission images were postfil-
tered with a three-dimensional Gaussian filter with a FWHM of
1.6 pixels. Effects of truncation of the emission images are
visible only outside the cardiac region. The images and image
profiles in Figures 9 and 10 show very similar results for both
systems.

The acquired number of emission counts from the heart in the
half-fanbeam collimators was 9.7% higher than in the parallel-
hole collimation. The lead septa used for the fanbeam collima-
tor was thicker than for the parallel-hole collimator. If the same
septal thickness had been chosen for the parallel collimator, its
counting rate would have decreased by 7.3%. This means that
the potential increase in sensitivity by using the half-fanbeams
and 180° gantry rotation could be as high as 18%, in compar-
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FIGURE 9. Slice of short-axis image.
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FIGURE 10. Slice of vertical, long-axis image.

ison with the choice of parallel-beam collimators and a 90°
gantry rotation.

DISCUSSION

It has been demonstrated that an MPS system has advantages
when compared with moving line sources, in terms of noise and
spatial resolution of the transmission map, sensitivity for
emission counts from the heart and relative downscatter con-
tamination of transmission data. Furthermore, lower activity
transmission sources are sufficient. Our results were obtained
with point sources with 7.6 times lower activity than the line
sources tested. Low-activity sources have advantages in terms
of cost and radiation exposure to patients and staff and use of a
lower activity may obviate the need for a special radiation
license for the use of TCT systems. In addition the MPS system
allowed use of lower weight source holders, thus aiding
mechanical transportation during scanning.

The resolution of transmission images obtained by MPS was
much higher than for MLS. It has been shown that poor
resolution may be a possible cause of hot spots in the posterior
left ventricular heart wall in attenuation-corrected images (44).
Also, for other applications, such as scatter compensation,
image registration, visualization and volume estimation and
availability of high-resolution attenuation maps may be impor-
tant. Several groups have shown that accurate modeling of
scatter is important for obtaining highly quantitative images
(6,9-11,45,46) and progress has been made in improving
practical scatter models, which are a function of the attenuation
map (/0,47). We believe that the quantitative accuracy and
resolution of attenuation maps will be important or optimal
reconstruction with such models. The resolution of MPS trans-
mission images in the current study was limited by the pixel
size available for acquisition. To further improve the resolution,
reduce noise and reduce the downscatter contamination, it may
be possible to use more active and, perhaps, smaller point
sources. Depending on the camera system, however, this may
introduce counting rate problems. The use of an attenuating
wedge in front of the source requires higher source activity and
leads to improved dynamic range (27). Optimization of the size
and activity of the point source is a subject of further investi-
gation.

A potential disadvantage of the MPS system with 180° gantry
rotation in comparison with the MLS system is the truncation of
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large objects. However, a recent simulation study (43) showed
no significant differences between attenuation-corrected emis-
sion images based on truncated and untruncated transmission
data, even for cases with extremely strong truncation. The
reason for the small difference may be that the truncation was
only present on the reverse side of the object and, therefore,
only affected the calculation of attenuation for a few views.
Note also that a similar study (40), for three-head ECT-TCT
systems with a long focal distance, indicates that truncation
does not have a significant effect on attenuation correction. In
such systems, a large number of projections are truncated.

Despite the extremely small difference in reconstructed
emission images, physicians may feel uncomfortable with
truncated attenuation maps. Possible methods of reducing
truncation effects include: (a) extrapolation of the transmission
projections (48); (b) using a larger focal distance; (c) using a
tighter support to reconstruct the attenuation map (49); (d)
increasing the acquisition arc; and (e) using an orbit that aligns
the camera head as closely as possible to the patient contour.
For a single half-fanbeam and a 360° orbit, it has been shown
that excellent truncation-free maps can be acquired (27).
However, a gantry rotation angle larger than 180° has the
disadvantage that the heart may lie outside the collimator’s field
of view in several projections and, thus, reduced counts are
acquired from this organ. A smaller gantry rotation angle
permits acquisition of more counts of the heart region but
results in stronger truncation of the attenuation maps. It may be
possible that a different number of projections or a slightly
different start and stop acquisition angle may result in improved
cardiac images. Optimizing of the focal distances, offsets and
the associated sampling for cardiac imaging, as well as for other
imaging procedures, are subjects of further investigation.

In addition to the application outlined in this article, the use
of scanning point sources has a potential application for
attenuation correction in coincidence imaging, for example, on
systems with two opposed camera heads. The function of the
collimator in SPECT is twofold for ECT-TCT. First, the
emission photons need to be collimated to determine the
location of the emission sources. Second, the collimator acts as
a scatter grid for transmission photons and reduces emission
counts in the transmission window. In coincidence imaging no
physical collimation is needed and, therefore, the emission
counts are collected more efficiently. Reduction of scatter and
emission counts in the transmission window, which is espe-
cially required when a point source of lower energy than the
emission energy is used, can be achieved by using only a
narrow strip of fanbeam collimator, moving in synchrony with
the electronic window and the point source, rather than a
fanbeam collimator covering the entire detector.

CONCLUSION

A system with moving point sources and half-fanbeam
collimators is proposed for simultaneous emission and trans-
mission imaging. The MPS system was implemented on a
SPECT system, with the camera heads at right angles, and with
moving electronic windows that track the location of the
transmission events.

The MPS system provides improved resolution compared to
the MLS system but also has markedly better sensitivity,
permitting use of lower activity sources. Also the higher
sensitivity reduces the influence of emission downscatter.
Although some truncation effects were observed in the dorso-
lateral wall of the object, these did not appear to influence the
accuracy of emission reconstruction (43). The MPS system,

therefore, is appealing for simultaneous emission-transmission
tomography.
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We are developing procedures to repeatedly and noninvasively
image the expression of transplanted reporter genes in living ani-
mals and in patients, using PET. We have investigated the use of the
Herpes Simplex Virus type 1 thymidine kinase gene (HSV1-tk) as a
reporter gene and [8-'“C]-ganciclovir as a reporter probe. HSV1-tk,
when expressed, leads to phosphorylation of [8-'“C]-ganciclovir. As
aresult, specific accumulation of phosphorylated [8-'“C]-ganciclovir
should occur almost exclusively in tissues expressing the HSV1-tk
gene. Methods: An adenoviral vector was constructed carrying the
HSV1-tk gene along with a control vector. C6 rat glioma cells were
infected with either viral vector and uptake of [8-2H]-ganciclovir was
determined. In addition, 12 mice were injected with varying levels of
either viral vector. Adenovirus administration in mice leads primarily
to liver infection. Forty-eight hours later the mice were injected with
[8-'“CJ-ganciclovir, and 1 hr later the mice were sacrificed and
biodistribution studies performed. Digital whole-body autoradiogra-
phy also was performed on separate animals. HSV1-tk expression
was assayed, using both normalized HSV1-tk mRNA levels and
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relative HSV1-TK enzyme levels, in both the cell culture and murine
studies. Results: Cell culture, murine tissue biodistribution and
murine in vivo digital whole-body autoradiography all demonstrate
the feasibility of HSV1-tk as a reporter gene and [8-'“C]-ganciclovir
as an imaging reporter probe. A good correlation (¥ = 0.86)
between the [8-'“C]-ganciclovir percent injected dose per gram
tissue from HSV1-tk positive tissues and HSV1-TK enzyme levels in
vivo was found. An initial study in mice with [8-'F]-fluoroganciclovir
and microPET imaging supports further investigation of [8-'8F]-
fluoroganciclovir as a PET reporter probe for imaging HSV1-tk gene
expression. Conclusion: These results demonstrate the feasibility of
using [8-'“C]-ganciclovir as a reporter probe for the HSV1-tk re-
porter gene, using an in vivo adenoviral mediated gene delivery
system in a murine model. The results form the foundation for
further investigation of [8-'®F]-fluoroganciclovir for noninvasive and
repeated imaging of gene expression with PET.

Key Words: reporter gene; imaging; PET; thymidine kinase; gene
expression
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