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ABSTRACT

Introduction: Myocardial perfusion SPECT by *°™Tc-Sestamibi and %*™Tc-Tetrofosmin radiopharmaceuticals usually
presents a false significant increase in the radiotracer uptake in the inferior myocardium due to the uptake in organs such as
liver, bowel, stomach and biliary system. The present study evaluated a suitable Slit angle for differentiating extra-cardiac
activities by Slit Slat collimation.

Methods: The Siemens E.CAM gamma camera equipped with a Low Energy High Resolution (LEHR) collimator was
simulated with the Simulating Medical Imaging Nuclear Detectors (SIMIND) Monte Carlo program. Following the verification
of the simulation, a Slit Slat collimator was simulated for SPECT imaging of a NURBS-based Cardiac Torso (NCAT) phantom
with different Slit angels ranged from 0 to 30 degrees. The reconstructed images were qualitatively assessed with blinded
observer method by three nuclear medicine specialists.

Results: The improved differentiation of the bowel activity from the cardiac was obtained by a Slit-Slat collimator with the
Slit angle of 7 degree. While for gastric activity differentiation an angle of 15 degree for the Slit was useful.

Conclusion: The results showed that Slit Slat collimation with 7 and 15 Slit angle provide a suitable differentiation of the
bowel and gastric activities from the cardia, respectively.
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INTRODUCTION

Myocardial perfusion SPECT (MPS) is widely used
for the diagnosis of cardiac and coronary artery
diseases [1-4]. Although *™Tc-Sestamibi (MIBI) and
9mTc-Tetrofosmin radiopharmaceuticals are generally
utilized for myocardial perfusion imaging (MPI), but
they do not meet the requirements of an ideal
myocardial perfusion imaging radiopharmaceuticals,
mainly due to unregistered uptake in sub
diaphragmatic organs such as liver, stomach, biliary
system and bowels [5-7].

The scattered radiation from the adjacent organs may
cause a false uptake in the inferior wall of heart. Due
to the high uptake of the radiopharmaceuticals in the
liver and slow clearance, interpretation on the heart
inferior and left ventricular wall activity is a critical
issue on the reconstructed images with attenuation
correction and maximum likelihood expectation
maximization (MLEM) reconstruction [5, 8]. In a
study by Brander horst et al., the effect of high tracer
uptake of **™Tc¢-Tetrofosmin MPI was investigated in
mice with a multi pinhole SPECT geometry [9]. The
results showed that a high activity in extra-cardiac
leads to an incorrect quantification of the organ
uptake. This is an important challenge for a proper
diagnosis of heart diseases [7, 10].

Peace et al. in a study on suitable radiopharmaceutical
compounds and conservative protocols to reduce
extra-cardiac activities were evaluated the effects of
imaging time, radiopharmaceutical, full fat milk and
water on interfering extra-cardiac activity in MPS [8].
One group of patients were imaged with both the
Tetrofosmin or MIBI protocols at 0.5, 1, or 2 hour post
injection. Other groups were imaged either with or
without orally administration milk and a combination
of milk with water. Although there was no significant
improvement by using the latter, but the delayed
imaging for Tetrofosmin and Sestamibi improved
image interpretation. In a study by Hofman et al., the
efficacy of milk administration compared to the water
to reduce infra cardiac activity was assessed [11]. In
contrast to the results of previous study, the intensity
of infra cardiac activity was significantly reduced with
milk rather than water in patients undergoing exercise
or pharmacological stress. However, there was no
difference in subsequent qualitative evaluation. Chen
et al., have evaluated bio distribution of *™Tc-CO-
MIBI as a myocardial perfusion imaging agent. Their
study showed a significant concentration of *™T¢-CO-
MIBI in myocardium with a lower liver uptake
compared to ®™Tc-sestamibi [5].

A number of researches have been working in the field
of dedicated heart collimation [12, 13].
Conventionally, MPS is performed by a parallel hole
collimator [1, 14, 15]. Growing interests in improving
image quality and diagnostic accuracy had led to
introduction of some novel collimator geometries in

cardiac SPECT imaging [14, 16-18]. The IQ SPECT
system (Siemens Medical Solutions) equipped with
multifocal collimators, with the holes focused at center
and parallel at edge, provide a better sensitivity (4-
fold) and contrast-to-noise ratio than a parallel hole
collimator [2]. 1Q SPECT system was studied by
Caobelli et al., to reduce the administered dose and
acquisition time. The related rest scans of an
anthropomorphic cardiac phantom were acquired with
a simulated in vivo distribution of ®™Tc-Tetrofosmin.
Qualitative as well as quantitative measurements
resulted a reduced acquisition time to one-eighth of the
time needed with a standard protocol, also with a
reduced administered radiopharmaceutical dose [2, 4,
19]. The Slit Slat collimation for cardiac imaging have
become available in the dedicated scanners [20]. It was
described for the first time as a part of the dedicated
brain SPECT system [21]. CardiArc (a dedicated
nuclear cardiology SPECT camera) equipped with an
optimized Slit Slat collimation system provides an
angular sampling via moving the Slit plate [14, 22,
23]. On the other hand, a Slit Slat design which
incorporates a curved Slit plate and a stack of Slats
parallel to the transverse plane was planned in a C-
SPECT system and improved performance of cardiac
SPECT imaging.

Here, the general objective of present research was to
survey suitable Slit angle in SPECT to differentiate
inferior heart activity from the sub-diaphragmatic
organs by Slit Slat collimation. When orthogonal
parallel hole collimator provides an overlapped extra-
cardiac activities, a Slit Slat design was used to
develop an angulated Slit toward cardiac region so that
the optimal angulation may be provided suitable
differentiation of the hyper cardiac activity from the
underling organs. The hypothesis is further studied by
employing a NURBS-based Cardiac Torso (NCAT)
digitized phantom and Monte Carlo simulation.

METHODS

Imaging system

A dual head Siemens E.CAM gamma camera
(Siemens Medical Solutions, Erlangen, Germany) was
used for the simulation study. The camera includes a
removable low energy high resolution (LEHR)
parallel hexagonal holes collimator, a
59.1x44.5x0.953 cm Nal: TI scintillation crystal, a
light guide and also an array of Photomultiplier Tubes
(65 PMTs).

Monte Carlo simulation

The SIMIND dedicated Monte Carlo simulation code
was used for the simulation studies [24]. A LEHR
parallel hole and also a Slit Slat collimator for the
energy of 140 Kev were simulated with a 15% window
width (Table 1) [25].
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Table 1: Physical specification of SE-LEHR and Slit Slat collimator

Type Slit width Slat width Hole diameter Septal thickness Collimator thickness
SE_LEHR -- - 1.11mm 0.16mm 24.05mm
Slit Slat 1.11mm 1.24mm - 0.16mm 24.05mm

The pixel sizes in the simulated point source, Jaszczak
and NCAT phantoms were set to 0.27, 0.39, and 0.7
cm, respectively. The details on SPECT acquisition
parameters for the Jaszczak phantom scans considered
as following:

A 128x128 matrix size, 1 zoom factor, 128
projections, and 360° counter-clockwise circular
rotation. Moreover, the SPECT studies on
superimposed extra-cardiac activities in cardiac region
were simulated by the simulated SPECT camera
equipped with a Slit Slat collimation with Slit angles
in range of 0-30 degrees. The concentration of *™Tc—
MIBI in myocardium and extra-cardiac organs were
simulated according to the clinical situation [26].

The SPECT imaging protocol for NCAT phantom
studies was adopted from the last American Society of
Nuclear Cardiology (ASNC) imaging guidelines for
nuclear cardiology procedures [27].

Briefly, Thirty-two SPECT projections of the NCAT
phantom, an average male torso in a supine position,
were produced with a 180° clockwise rotation (+45°
right anterior oblique to -45° left posterior oblique) in
a 64x64 matrix size.

Phantoms

The experimental scans performed with a Imm *"T¢
point source (3.7 MBqg) and a Jaszczak phantom
(uniformly filled with 370 MBq *™Tc). According to
the experiment and simulated scans, functional
parameters of the both systems including spatial
resolution, energy resolution and sensitivity were
evaluated. Contrast of the cold spheres in
reconstructed images of Jaszczak phantom was
calculated by Eq.1 [28].

Contrast =1 — (Msp/ M) Eq.1

Where, Mg, and My are the Min pixel value in cold
spheres and Max pixel value in the phantom cylinder,
respectively.

Additionally, the organ contrast of the NACT phantom
reconstructed images was calculated by Eq.2 [29, 30].

Contrast = (A-B) / (A+B) Eq.2

Where A and B represent the average count in the
myocardial wall and the extra-cardiac area,
respectively.

Spatial resolution

Spatial resolution of the imaging system was measured
by a ®"T¢ point source at 10 cm from the detector in
the center field of view (CFOV) according to the
NEMA standards [31]. The planar images were
obtained with 10 million counts, matrix size of
128x128 with a 0.39 mm pixel size, for the both
simulations and experiments. For quantifying FWHM
values, a point spread function was prepared through
the point source images.

The Jaszczak phantom filled with 370 MBqg *"Tc
solution was placed at 15 cm from the collimator
surface. The spatial resolution measure was scored as
the smallest visible and recognizable rods of the
phantom.

Energy resolution

The energy resolution was measured by employing a
®mTc point source at a source to detector distance of
25 cm. The simulated and experimental energy spectra
were acquired with 107 photons / projection.

System sensitivity

The system sensitivity was also calculated from a 3.7
MBq *™Tc point source planar data according to the
NEMA [31].

Image reconstruction

The filtered back projection (FBP) algorithm [32] was
utilized for reconstruction of the Jaszczak and NCAT
phantom SPECT projections through a ramp
combined with a Butterworth filter (order 5 and cut off
frequency of 0.25 cycles/cm) and no attenuation
correction [32, 33].

The evaluations on the extra-cardiac activity for the
reconstructed images were independently done as a
blinded observer study by three nuclear medicine
physicians. The images scored for a proper separation
of the cardiac activity in a range of 0-20 according to
the organ proper activity separation.
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RESULTS
Simulation verification

Figure 1 demonstrates energy spectra of the simulated
and experimental systems from scan of a ®"Tc point
source for simulation verification propose. The related
energy resolutions were calculated to 9.86 % and
10.05 %, respectively. Figure 2 shows full width at
half maximum (FWHM) measures of the point spread
function (PSF) curves with an upward trend following
the increased source to collimator distances.

The mean sensitivities of the experiment and
simulation systems were determined 76.71 and 76.92
cps/MBq, respectively. The smallest visible and
recognizable cold rods of the reconstructed Jaszczak
phantom images were seen in the sector of 9.5 mm.
Results on the contrast of cold spheres are shown in
Table 2.

Slit Slat SPECT

A male NCAT phantom was set to model *"Tc-
Sestamibi uptake study in myocardium and extra-

8 cardiac organs. The SPECT imaging process
7 ] simulated without any respiratory motion. A typical
k] ,“, transaxial activity and attenuation distribution in
‘2 8 = = = Experimental 1 ] NCAT phantom is shown in Figure 3.
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Fig 1. The normalized energy spectrum of the simulated and
experimental systems.

0 10 20 30 40 50 60
Distance (cm)

Fig 2. Comparison of FWHM as a function of distance for a #mTc
point source in the simulated and experimental systems.

Fig 3. The simulated maps with NCAT phantom; the activity map
(above) and the attenuation map (below).

Table 2: Contrast results for cold spheres of Jaszczak phantom.

Diameter size of spheres (mm)
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95 12.7 15.9 19.1 254 31.8
Simulation 0471 0.531 0.672 0.706 0.843 0.938
Actual 0411 0.558 0.684 0.717 0.825 0.894
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Table 3: The extra-cardiac activity differentiation in scoring
process.

Slitangle  Image No  Specialist ~ Specialist ~ Specialist
(degree) 1 2 3

K5G23 125 11 12
5

K5G31 12 11 11

K6G23 15 15 15
6

K6G31 18 15 16

K7G23 20 20 20
7

K7G31 16 15 13

K8G23 17 18 18
8

K8G31 14 12 13

K9G23 20 20 19
9

K9G31 14 15 14

K10G23 125 14 15
10

K10G31 14 13 13

K11G23 125 14 15
11

K11G31 18 15 16
12 K12G23 15 13 14

K12G31 18 16 16

K13G23 15 15 14
13

K13G31 16 15 16

K14G23 17 15 14
14

K14G31 16 17 17

K15G23 15 15 14
15

K15G31 20 20 19

The reconstructed NCAT SPECT images prepared
with a LEHR parallel hole collimation was considered
as the reference. The simulated SPECT images by the
Slit Slat collimator in various Slit angles were
compared with the reference images. The results on
intr-observer differences in scoring the extra-cardiac
activity differentiation with visual assessment process
are presented in Table 3. The image numbers with G23
and G31 are related to the bowel and gastric extra-
cardiac activities, respectively.

Table 4 demonstrates a ratio of the cardiac wall
contrast to extra cardiac activity, by means of HLA
view and mean value of the counts through the plotted
ROIs. The sensitivity and contrast for the Slit Slat
collimation with a 7 degree Slit angle were increased
to 1.02% and 1.86%, respectively.

Table 4: The quantitative parameters for simulated scans.

H&!ﬁ i?;]gtlg rOf (Sceg:/';'/lvé% Relative contrast
Parallel hole 18.9961 0.1479
Slit slat (1°) 18.9866 0.1465
Slit slat (2°) 18.9925 0.1521
Slit slat (3°) 18.9760 0.1590
Slit slat (4°) 18.9655 0.1729
Slit slat (5°) 18.9318 0.2795
Slit slat (6°) 19.6005 0.2410
Slit slat (7°) 19.5556 0.2754
Slit slat (8°) 19.9055 0.2705
Slit slat (9°) 20.3300 0.2812
Slit slat (10°) 20.2793 0.2578
DISCUSSION

We have simulated a LEHR parallel hole and a Slit
Slat collimator with different Slit angles for a SPECT
system to measure the effects of the collimators on
differentiation of the activities of heart and
subdiaphragmatic organs. The conformity on
functional parameters of the simulated and
experimental systems have already been described for
Siemens E.cam gamma camera equipped with a LEHR
collimator [28]. As Figure 1 shows, there was a
suitable compliance for the normalized energy spectra
of the ®™T¢ point source scans from the simulated and
experimental systems. The spatial resolution for
experiment and simulated systems was measured 8.64
and 7.92 mm, respectively.

Separate simulations were also made to allow the
investigation on extra-cardiac activities in several
organs consisting of stomach and bowel for a wide
range of Slit angles (0-30 degrees). The results of our
study support the theoretical advantages of using an
angulated collimator for differentiating extra-cardiac
activities. Here, we demonstrated that a Slit Slat
collimator with a suitable Slit angle can improve
differentiation of the superimposed activities. In fact,
angulating of Slit plate provided all of the required
angular sampling. The theoretical advantages of using
an angulated collimator has been supported in Esser et
al. study for cranial SPECT imaging [34].

In addition to the simulated scans with LEHR parallel
hole collimator, a lower Slit angles (1-3 degree) also
presented the highest amount of the overlapped extra-
cardiac activities (Figure 4). This is probably related
to the anatomical orientation of the organs and the fact
that the higher Slit angles are so needed to differentiate
the activities. Results on scoring the proper activity
differentiation by physicians demonstrated that the
simulated scans with 7 degree of the Slit angle could
properly differentiate the bowel activity from the
cardiac (Figure 5).
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Fig 4: The reconstructed images equipped with; parallel hole collimation (above) and 7 degree of Slitangle to differentiate bowel extra-cardiac

activity and heart (below).

Sheng proposed an elliptical SPECT system with Slit
Slat collimation in which multiple Slits were designed
for cardiac imaging [35]. The angular sampling was
done by moving of the Slit plate. The differences in
their angular sampling study and our study correlated
with  corresponding differences in collimation
geometries (multi  Slit hole wversus Slit hole
collimation).

The results on comparing quantitative parameters
(Table 3) demonstrated a higher sensitivity and
contrast ratio for the Slit angles above 6 degree than
the conventional parallel hole collimation and

confirmed the results on improved sensitivity with Slit
Slat collimation for cardiac imaging by Sheng [35].

A proper gastric activity differentiation from cardiac
was obtained with a 15 degree Slit angle (Figure 5).
Due to heart asymmetric orientation, the angular
sampling with the Slit angles more than 16 degree
causes an insufficient activity concentration in cardiac
region and also sever deformation of the organ image.
One of the limitations about Slit Slat collimation in the
present study was a linear distortion. Because more of
the organ face the camera along the angulated
dimension, the sensitivity increases, but the organ is
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Fig 5. The reconstructed images equipped with; parallel hole collimation (above) and 15 degree of Slit angle (below) to differentiate gastric

extra-cardiac activity and heart.

also elongated directionally in the image. Therefore,
we conclude that Slit angles above 16 degree is
restricted by the transaxial sampling requirements.
Finally, physicians identified an artifact in the
projections and in the reconstructed images that may
be associated to the appearance of shadows from the
Slats [17]. The results revealed that the effect of the
extra-cardiac activities may be decreased from cardiac
region by angulating of the Slit within a heart area in
Slit Slat collimation geometry.

CONCLUSION

The present study suggested that the collimation with
a Slit angle of 7 and also with 15 degree may provide
the best differentiation of the bowel and gastric extra-
cardiac activities from cardiac in Slit Slat collimation
geometry, respectively.
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