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A circular 180° acquisition orbit is considered standard for cardiac
SPECT imaging. Theoretically, a 360° acquisition orbit is preferred
because of more complete Fourier spectral information on projection data. The differential effect of 180° and 360° acquisition orbits
on image accuracy (homogeneity and defect size) was assessed
quantitatively in phantom studies. Methods: SPECT imaging with
a dual-head gamma camera was performed on normal cardiac
phantoms filled with a 99mTc solution, using 180° and 360° circular
acquisition orbits. The phantoms were placed in the center of the
orbit and at 5, 10, and 15 cm off center. Fillable defect inserts of
different sizes were placed in the phantom to simulate myocardial
perfusion defects. The homogeneity of count distribution in shortaxis slices of the normal phantom was analyzed as the percentage
of variability. Defects were quantified as a percentage of the entire
phantom volume using circumferential count profiles and normal
reference profiles. Results: When normal phantoms were placed
in the center of the orbit, percentage variability was not different
whether a 180° or 360° acquisition orbit was used (4.2% ⫾ 0.1%
vs. 4.4% ⫾ 0.2%, P ⫽ not statistically significant). However when
normal phantoms were placed off center, SPECT imaging with a
180° acquisition orbit showed increasing inhomogeneity, both visually and quantitatively (e.g., percentage variability for the 15-cm
off-center position was 10.8% ⫾ 0.1% (P ⬍ 0.0001). SPECT
imaging with a 360° acquisition orbit showed similar homogeneity
visually and quantitatively, whether the phantom was placed in or
off the center (e.g., percentage variability for the 15-cm off-center
position was 4.6% ⫾ 0.5%, P ⫽ not statistically significant). Quantification of phantom defects acquired with a 180° orbit showed
increasing overestimation of defect sizes with increasingly offcenter positions. Quantification of phantom defects acquired with
a 360° orbit showed no effect from progressively off-center positions, although phantom defect sizes were mildly underestimated.
Conclusion: SPECT images acquired with a 180° orbit may have
significant erroneous inhomogeneity and overestimation of defect
size, in particular when the target object is off the center of the
orbit, as is commonly seen in clinical cardiac imaging. In contrast,
SPECT images acquired with a 360° orbit may provide more
accurate quantitative information.
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or almost 2 decades, SPECT has been used extensively
in cardiac nuclear imaging. This noninvasive imaging technique permits evaluation of patients with suspected or
known coronary artery disease (1,2). Over the last decade,
cardiac image acquisition has become well standardized.
Guidelines published by the American Society of Nuclear
Cardiology state that for cardiac SPECT imaging, the use of
a circular orbit and an anterior 180° (right anterior oblique
to left posterior oblique) acquisition orbit is standard (3).
The guidelines state specifically that the 180° orbit yields
higher image contrast than the 360° orbit. This guideline
appears to be a continuation of the practice with 201Tl
SPECT in the 1980s. Present-day 99mTc-labeled radiotracers
have better imaging characteristics than 201Tl, and modern
multihead gamma cameras have better electronics, collimators, and gantries that allow for 360° SPECT acquisition
orbits without a significant increase in imaging time. Theoretically, a 360° acquisition orbit is preferred because it
allows for filtered backprojection using complete Fourier
spectral information on projection data. We have shown
previously that the position of the heart within the orbit is of
importance and that an off-center position may create artifacts (4). The modern multihead cameras with a fixed imaging table do not easily allow for positioning of the heart
in the center of the orbit. We have observed also in clinical
imaging that patient images reconstructed from 180° acquisition data show greater inhomogeneity than those reconstructed from 360° acquisition data (Fig. 1).
The purpose of the current phantom study was to evaluate
quantitatively the differential effect of 180° and 360° acquisition orbits, as well as the effect of the position of the
target organ within the orbit, on the homogeneity of reconstructed SPECT images.
MATERIALS AND METHODS
A dual-head SPECT camera (Millennium VG; General Electric
Medical Systems, Milwaukee, WI) equipped with 0.94-cm sodium
iodide crystals and low-energy high-resolution parallel-hole collimators was used for image acquisitions. The system resolutions for
a 99mTc (140 keV) source 0, 5, 10, 15, 20, 25, and 30 cm from the
detector were 4.15, 5.66, 7.58, 9.66, 11.82, 14.03, and 16.26 mm,
respectively.
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FIGURE 1. Reconstructed short-axis slices of healthy volunteer, including images acquired using 180° circular acquisition orbit
(A) and images acquired with 360° acquisition orbit (B). Images reconstructed from 180° acquisition data show inhomogeneity
(arrows) mimicking small anterior and inferior defects (variability, 13%). Images reconstructed from 360° acquisition data show
more homogeneous and normal radiotracer distribution (variability, 8%).

Phantom Configuration
A hollow cylindric phantom (model ECT/P; Data Spectrum,
Hillsborough, NC) was used for this study (Fig. 2A). The phantom
consisted of a hollow inner cylinder (4 cm in diameter and 7 cm in
length) placed within a larger hollow outer cylinder (6 cm in
diameter and 8 cm in length). The volume of space (1 cm wide)
between the 2 cylinders was 125 mL. This phantom was used as a
3-dimensional model of the left ventricle. The inner cylinder was
filled with water, and the hollow space between the 2 cylinders was
filled with a thoroughly mixed 99mTc solution with a concentration
of 0.092 MBq/mL. The concentration was calculated on the basis
of the approximate average myocardial tracer uptake—2.5% of a
regular injected dose (1,110 MBq)—for an average heart, weighing 300 g (⬃300 mL), in standard clinical cardiac SPECT imaging.
Phantom Defect Inserts. Fillable defect inserts (model ECT/
FIL/I; Data Spectrum) were filled with water and placed within the
hollow space between the 2 cylinders. These inserts were used to
simulate myocardial perfusion defects of varying extent. The volumes of the defect inserts were 5, 10, and 20 mL.

The phantom without defect inserts simulated normal left ventricular myocardium, whereas the phantom configurations with
fillable defect inserts simulated myocardium with perfusion defects. By placement of inserts in the hollow space of the phantom,
defects were created that measured 4%, 8%, and 16% of the
volume of the simulated left ventricular myocardium.
Position of Phantoms Within the Gamma Camera Gantry. An
adjustable wooden frame was used to secure the phantom in
position for each imaging session (Fig. 2B). The frame facilitated
suspension of the phantom on the very edge of the imaging table,
thus avoiding photon attenuation by the table. In addition, the
wooden frame allowed for reproducible repositioning of the phantom within the gantry.
Each phantom configuration (normal and with defects) was
imaged in 4 different positions on the imaging table: at the centerline of the imaging table (center) and at 5, 10, and 15 cm off the
center (Fig. 2B). In addition, the various phantom configurations
were imaged in 2 different long-axis alignments with the table.
One set of images was acquired with the long axis of the phantom

FIGURE 2. (A) Schematic of cardiac phantom with hollow inner and outer cylinders. Fillable defect inserts are 5, 10, and 20 mL,
which respectively represent 4%, 8%, and 16% of simulated left ventricular myocardium (space between 2 cylinders). (B) Cardiac
phantom secured in wooden frame. Numbers are distances from center of acquisition orbit, in centimeters.
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parallel to the centerline of the imaging table (Figs. 3A and 3B)
and will be referred to as straight, and a second set of images was
acquired with the phantom angled at 26.5° to the centerline of the
imaging table (Figs. 3C and 3D) and will be referred to as angled.
The angled position of the phantom was to simulate the normal
anatomic position of the heart in a patient.
Image Acquisition
Each image was acquired using 180° and 360° circular orbits.
The camera heads were 26.5 cm from the center of the orbit for all
image acquisitions. A 15% energy window was set symmetrically
over the 140-keV photopeak of 99mTc. SPECT imaging was performed using a step-and-shoot acquisition protocol, with a 64 ⫻ 64
matrix size and a pixel size of 6.55 ⫻ 6.55 mm. Each acquisition
was repeated 3 times to reduce random variation of measurements.
180° Acquisition Orbit. For 180° acquisitions, the 2 heads of the
camera were positioned adjacent and perpendicular to each other
(Figs. 3A and 3C). This positioning allowed for the acquisition of
geometrically 180° projection data with an actual gantry rotation
of 90° from right anterior oblique to left posterior oblique. A total
of 60 projections, with an acquisition time of 20 s per projection,
were acquired. The total acquisition time was 11.2 min.
360° Acquisition Orbit. For 360° acquisitions, the 2 heads of the
dual-head gamma camera were oriented parallel to and opposite
each other (Figs. 3B and 3D). This position of the 2 heads permitted acquisition of geometrically 360° projection data with an
actual gantry rotation of 180°. A total of 120 projections, with an
acquisition time of 10 s per projection, were acquired. The total
acquisition time was 12.4 min. The acquisition time per projection
was reduced for 360° acquisitions to obtain images with total
counts similar to those for 180° acquisitions during a similar
overall time.

Image Reconstruction
The acquired projection images were corrected for nonuniformity and center-of-rotation offset and were subsequently reconstructed using standard filtered backprojection. The reconstructed
SPECT images were smoothed using a 3-dimensional Butterworth filter with an order of 2.6 and a cutoff frequency of 0.24
times the Nyquist frequency. No photon scatter or attenuation
correction was applied. Ultimately, the SPECT images were reoriented according to the long axis of the phantom. Multiple shortaxis, vertical long-axis, and horizontal long-axis slices were thus
generated.
Quantification of SPECT Images
SPECT images were quantified using Wackers-Liu circumferential quantification (WL-CQ) (Eclipse Systems, Branford, CT).
This method has been described and validated previously (5,6). In
brief, the region of the left ventricle in the SPECT slices was
determined automatically. Each of the automatically determined
short-axis slices from the apex to the base of the left ventricular
myocardium was divided into 128 radial sectors. The apex cap was
defined by 8 central long-axis slices in the 3-dimensional space,
and each long-axis slice defining the apex cap was divided into 64
sectors. Circumferential count profiles were derived from maximal
pixel values in each of the radial sectors. Each of the derived
circumferential count profiles was normalized to the sector with
maximal counts in the corresponding count profile. The normalized count profiles were subsequently extrapolated into 36 count
profiles for calculation of perfusion defect size. The 36 count
profiles were further compressed by being averaged into 3 composite (apical, midventricle, and basal) count profiles for display
purposes and for calculation of the percentage of variability.

FIGURE 3. Schematics of 4 phantom
positions relative to center of orbit, including 180° acquisition setup with phantom in
straight orientation (A), 360° acquisition
setup with phantom in straight orientation
(B), 180° acquisition setup with phantom in
angled orientation (C), and 360° acquisition
setup with phantom in angled orientation
(D).
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Calculation of Variability Percentage
Theoretically, the circumferential count distribution in reconstructed slices of a normal phantom should be homogeneous and
thus quantitatively a straight line with a variability of 0%. Because
the purpose of this study was to evaluate the differential effects of
2 orbits (180° and 360°), and of different positions of an object
within these orbits, on the homogeneity of SPECT slices, the
homogeneity of reconstructed slices was quantitatively analyzed as
percentage variability. The percentage variability of the 3 composite circumferential profiles mentioned was calculated for each of
the phantom configurations as:
%V ⫽

SD
⫻ 100,
mean

Eq. 1

where %V is the percentage variability and mean and SD are
values for the circumferential profile. Mean percentage variability
was calculated by averaging the percentage variabilities of apical,
midventricle, and basal short-axis slices for 3 repeated SPECT
acquisitions.
Normal Phantom Database
Although the normal phantom was filled with a homogeneous
solution of 99mTc, the circumferential count distribution in reconstructed slices of the phantom was not homogeneous. This inhomogeneity was presumably caused by photon scatter and selfattenuation and perhaps by imprecise positioning of the phantom.
To analyze the differential effects of 180° versus 360° orbits and
of different phantom positions on the quantification of defects, we
established reference profiles of count distribution. SPECT images
were acquired of the normal phantom (without defect inserts)
using 180° and 360° circular orbits positioned in the center of the
imaging table (straight and 26.5° angled). Each acquisition was
repeated 3 times to reduce random variation. After image reconstruction and quantification, 12 sets of circumferential count profiles (180° and 360°, straight and angled; 3 repeated acquisitions
for each) representing reference profiles were generated. Lowerlimit-of-normal phantom count profiles, that is, the mean ⫺ 2 SDs
of the 12 datasets, were created for all 36 extrapolated circumferential count profiles derived from the short-axis slices and for the
count profile derived from the long-axis slices defining the apex
cap, based on reference image data. This step assumes that the
observed variation in the 12 sets of reference phantom images was
normally distributed and that in 95% of normal tests, the circumferential count profile lay within the defined range (from mean ⫺
2 SDs to mean ⫹ 2 SDs).
Quantification of Defect Size
Quantification of SPECT myocardial perfusion defect size was
performed using the WL-CQ quantification software described and
validated previously (5,6). In brief, the size of a defect in a
reconstructed SPECT slice was defined as the area between the
derived circumferential count profile and the lower-limit-of-normal circumferential profile, divided by the sum of that area and the
area below the derived count profile. The total defect size was
calculated as the sum of defects in all short-axis slices and in the
long-axis slices containing the apex cap, weighted for the volume
of each slice (5). The total defect size was expressed as a percentage of the entire left ventricle.
Statistical Analysis
Data on percentage variability were expressed as mean ⫾ SEM.
Single-factor ANOVA was used for multiple-group comparisons,
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and a 2-tailed unpaired Student t test was used for 2-group comparisons for 180° versus 360° acquisitions and for straight versus
angled orientations of the phantom. Probability values ⬍ 0.05
were considered statistically significant. Linear regression analysis
was performed to assess the correlation between the true defect
sizes and the SPECT-quantified defect sizes for 180° and 360°
image acquisitions.
RESULTS
Normal Phantom

Center Position. Visually, the count distribution on reconstructed SPECT slices of the normal phantom, positioned in the center of the orbit using either 180° or 360°
acquisition, appeared homogeneous (Fig. 4). However,
quantitative analysis with circumferential profiles indicated
inhomogeneity (Fig. 4; Table 1). The inhomogeneity, expressed as mean variability, was not significantly different
when 180° and 360° were compared with the phantom
either straight or angled. However, mean variability was
statistically different (P ⬍ 0.01) when straight and angled
orientations were compared (Table 1).
Off-Center Position, 180° Acquisition. When the normal
phantom was positioned off center and SPECT images were
acquired with a 180° orbit, reconstructed short-axis slices
showed an inhomogeneous count distribution. This inhomogeneity became increasingly apparent and significant (P ⬍
0.0001, ANOVA) with increasingly eccentric positioning of
the phantom in both straight and angled orientations (Table
1; Figs. 5 and 6). The mean percentage variability for the
normal phantom was significantly greater (P ⬍ 0.01) in the
angled orientation than in the straight orientation when the
phantom was placed 5 cm off center.
Off-Center Position, 360° Acquisition. In contrast, for a
360° acquisition orbit, reconstructed short-axis slices
showed a visually homogenous count distribution regardless
of the position of the normal phantom relative to the center
of the imaging table (Figs. 4 and 5). This visual impression
was confirmed by quantitative analysis. As shown in Figure
6 and Table 1, the mean percentage variability did not
significantly differ (by ANOVA) with an increasingly eccentric phantom position. The 360° orbit yielded a relatively
homogeneous image and count profile regardless of position
or angle relative to the center of rotation.
Phantoms with Defect Inserts

Quantification of defects using the phantom lower-limitof-normal reference is shown in Figure 7. Overall, linear
correlations between true defect size and quantified SPECT
defect size were excellent (r ⫽ 0.99) for both 180° and 360°
acquisitions and for center (Fig. 7A) and off-center (Figs.
7B–7D) phantom positions.
Center Position. Quantitatively, SPECT slightly underestimated defect size when the phantom was positioned at the
center of the table. This underestimation occurred to a
similar degree using 180° and 360° acquisition orbits
(Fig. 7A).
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FIGURE 4. SPECT short-axis slices and corresponding circumferential count profiles for normal phantom in center position and
straight orientation using 180° and 360° acquisition orbits. Visually, all images appear homogeneous. Quantitative analysis by
circumferential count distribution of apical, midventricular, and basal slices show mild inhomogeneity, possibly caused by slightly
imprecise positioning of phantom. Patterns of circumferential count profiles are similar for 180° and 360° acquisition orbits.

Off-Center Position, 180° Acquisition. Quantification of
180° SPECT images of phantoms with defects showed
increasing overestimation of defect sizes with progressively
off-center positions (Figs. 7B–7D).

Off-Center Position, 360° Acquisition. Quantification of
360° SPECT images of phantoms with defects showed that
progressively off-center positioning had no significant effect on defect size calculations (Figs. 7B–7D). The degree

TABLE 1
Variability in Circumferential Count Profiles of Normal-Phantom Short-Axis SPECT Slices
Straight orientation

Angled orientation

Phantom
position

180°

4P3

360°

180°

4P3

360°

Center
5-cm off-center
10-cm off-center
15-cm off-center

4.2 ⫾ 0.1
5.9 ⫾ 0.2
9.1 ⫾ 0.5
10.8 ⫾ 0.1

NS
⬍0.001
⬍0.001
⬍0.001

4.4 ⫾ 0.2
4.7 ⫾ 0.2
4.2 ⫾ 0.1
4.6 ⫾ 0.5

5.9 ⫾ 0.5*
7.2 ⫾ 0.4†
7.9 ⫾ 0.2
10.3 ⫾ 0.5

NS
⬍0.001
⬍0.001
⬍0.001

5.3 ⫾ 0.6
5.0 ⫾ 0.6
4.4 ⫾ 0.4
5.4 ⫾ 0.4

*P ⬍ 0.01, compared with center/180°/straight.
†P ⬍ 0.01, compared with 5 cm/180°/straight.
NS ⫽ not statistically significant.
Variability data are mean percentage ⫾ SEM for apical, mid-ventricle, and basal short-axis circumferential profiles and for 3 repeated
acquisitions.
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FIGURE 5. SPECT short-axis slices and corresponding circumferential count profiles for normal phantom in 15-cm off-center
position and straight orientation using 180° and 360° acquisition orbits. Visually, images acquired with 180° orbit are inhomogeneous (top). Mild defects are present (arrows). These segments of phantom wall were closest to rotating detectors. Images acquired
with 360° orbit are visually homogeneous (bottom). Quantitative analysis by circumferential count profiles of apical, midventricular,
and basal slices shows marked inhomogeneity of images obtained with 180° orbit. Arrows indicate troughs in profiles that
correspond to visual defects in images. Circumferential count profiles of images acquired with 360° acquisition display only mild
inhomogeneity similar to that in Figure 4.

of underestimation of the defect size was similar in all
off-center positions.
DISCUSSION

This phantom study showed that acquiring SPECT images with a 180° orbit had a considerable negative impact
on image uniformity and the accuracy of defect size quantification. When a normal cardiac phantom was imaged
using a 180° orbit, the percentage of variability in circumferential count profiles (inhomogeneity) increased significantly as the phantom was positioned increasingly off center. This effect was true whether the phantom was placed
parallel or angled to the centerline of the imaging table. In
the cardiac phantom with simulated perfusion defects, the
180° acquisition orbit resulted in increasingly greater overestimation of defect size when the phantom was placed
increasingly eccentrically. In contrast, the quantified per-
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centage variability and defect size did not change with a
360° acquisition orbit regardless of the off-center position
of the phantom or the angle to the center of rotation. Thus,
a 360° acquisition orbit will provide quantitatively more
accurate imaging results when imaging is performed with
99mTc-labeled radiotracers.
The relative merits of 180° and 360° acquisition orbits for
cardiac SPECT have often been discussed in the nuclear
medicine literature (7–17). An important reason to favor
180° acquisition is the apparently enhanced image contrast
(3). However, as our study suggested, the enhanced contrast
is likely artifactual and caused by inhomogeneity stemming
from the acquisition orbit. Previous studies comparing 180°
and 360° acquisitions have been restricted to visual analysis
of 201Tl SPECT images. Bax et al. (12) and Go et al. (13)
observed that enhanced image contrast with 180° acquisitions caused false-positive myocardial perfusion abnormal-
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FIGURE 6. Mean percentage of variability in circumferential profiles of reconstructed slices of normal phantoms in
straight and angled orientations acquired
with 180° and 360° orbits. Using 180° acquisition orbit, variability increased significantly (P ⬍ 0.0001, ANOVA) with increasingly off-center position in both straight
and angled orientations. In contrast, variability did not significantly differ using 360°
acquisition orbit (P ⫽ not statistically significant [ns], ANOVA). Variability in straight
versus angled phantom orientations was
significantly different only in center and
5-cm off-center positions (P ⬍ 0.01, unpaired t test).

ities and overestimation of myocardial perfusion defect
size—findings that agree with ours. Knesaurek et al. (18)
and Bice et al. (19), in comparisons of 180° with 360°
acquisitions using multiple point and line sources, analyzed
the full width at half maximum of the point and line sources.
They showed that 180° acquisitions had a substantial differential effect on the full width at half maximum in the xand y-axis directions. This effect was more severe when the
target objects were positioned increasingly off center. In the
current study, the differential effect of 180° and 360° acquisition orbits was explored more extensively and was
evaluated quantitatively in SPECT reconstructed images of
a cardiac phantom.
Although 180° SPECT images generally display better
image contrast, reconstructed images are distorted because
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of inadequate filtered backprojection (4,8,14,18,19). These
artifacts of enhanced contrast and geometric distortion are
in part caused by the nonuniform and depth-dependent
spatial resolution (18) and are further aggravated by the
embedded ramp filter in filtered backprojection (16). As
shown in the current study, artifacts were generally not
present with 360° acquisitions, presumably because of the
averaging effect of incorporating opposing projection data
before filtered backprojection (18).
Given the advantages of 360° acquisition orbits, it is
unclear why the current guidelines recommend a 180° acquisition orbit for all cardiac imaging (3). For 201Tl cardiac
SPECT imaging, a 180° acquisition orbit may be favorable
in light of the lower energy and the greater attenuation and
Compton scatter. However, Bax et al. (12) observed com-
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FIGURE 7. Correlations between true defect size and quantified SPECT defect size for SPECT acquisition using 180° and 360°
orbits, in center position (A) and in 5- (B), 10- (C), and 15-cm (D) off-center positions. Each phantom position was analyzed with
phantom in straight and angled orientations. Data label (å) denotes multiple data points with same (overlapping) SPECT defect
value for 180° and 360° acquisitions. Dotted-and-dashed line represents line of identity. With 180° acquisition orbit, quantified
SPECT defect size was increasingly overestimated when phantom was placed more eccentrically. With 360° acquisition orbit,
quantified SPECT defect size remained in same range of underestimation regardless of whether phantom was positioned in center
or off center.

parable diagnostic accuracy for prediction of myocardial
viability with 201Tl using either acquisition orbit. Our study
cannot directly address this issue. Our data suggest that for
imaging 99mTc-labeled radiopharmaceuticals with a multihead gamma camera system, 360° acquisition orbits are
preferable.
In most patients, the heart is off center. Although a
circular orbit has become standard, lateral offsetting of the
imaging table to center the heart is not well feasible with
most modern multihead gamma camera systems and fixed
gantries. The current series of experiments confirms and
further extends our previous observations for 201Tl SPECT
imaging using single-detector gamma cameras (4).
The range of off-center positions of the phantom on the
imaging table mirrors the off-center position of the heart
observed clinically. The eccentricity of the heart can be
appreciated easily by reviewing rotating projection images
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on a computer screen and by measuring the excursion of the
apex of the heart from one side to the other side. In 20
consecutive patients in our laboratory, the mean excursion
of the heart (⫾SD) was 11.5 ⫾ 2.5 cm and the range was
7.8 –16 cm. Hence, the off-center positions (range, 0 –15
cm) simulated in our phantom experiments were similar to
the range of normal heart positions in patients.
Acquisition of SPECT images with a 180° orbit may
cause significant inhomogeneity of normal images, in particular when the target organ is positioned off center, as is
often the case with the normal human heart. Such image
artifacts can be avoided by acquiring SPECT images with a
360° orbit. These observations are of clinical relevance
because SPECT imaging with 180° orbits is widely used
and even recommended in the American Society of Nuclear
Cardiology guidelines for cardiac imaging (3). The primary
cause for such artifacts is the eccentric position of the heart

NUCLEAR MEDICINE • Vol. 43 • No. 8 • August 2002

within the acquisition orbit and stems from the varying
spatial resolution, that is, the nonsymmetric and depthdependent point spread function of the imaging systems
(18). When a patient’s heart is not in the center of the orbit,
the ␥-detector heads are at varying distances from the heart
during rotation through the orbit. Segments of the left ventricular walls closest to the detector are better resolved and
show apparent localized thinning (better resolution), which
may appear as mild perfusion defects. In patient studies,
orbit-related artifactual defects are commonly seen at the
11-o’clock and 6-o’clock positions in the more apical shortaxis slices (3).
In addition to the straight orientation, we used an angled
phantom orientation to simulate the normal position of the
heart in a patient’s chest. Percentage variability was significantly greater in the angled orientation for the centered and
5-cm off-center positions. At the 10-cm and 15-cm offcenter positions, there was no statistical difference, presumably because of the much greater effect of the off-center
positions.
SPECT images of the normal phantom acquired with a
360° orbit showed improved homogeneity (percentage variability), in comparison with images acquired with a 180°
orbit, for each eccentric position of the phantom. It was
initially unclear whether such improved homogeneity was
achieved at the cost of loss of image resolution and decreased detection of defects. The additional acquisition of
SPECT images of phantoms with defects of known sizes
was designed to address this issue. Defect sizes were quantified against the lower-limit-of-normal phantom circumferential profiles. Positioned in the center of the imaging table,
phantom defect size was only slightly underestimated. This
is because of the limited spatial resolution of the SPECT
imaging system and is in agreement with our previous data
on defect size quantification (5,6). With a 180° orbit, defect
size was increasingly overestimated with increasingly eccentric positions of the phantom. This finding may explain
the clinical observation of exaggerated perfusion abnormality with a 180° orbit. With a 360° orbit, defect sizes were
mildly, but systematically, underestimated over the entire
range of eccentric positions of the phantom. Thus, although
there may be a slight loss in resolution, the ability to detect
and quantify a perfusion defect was not affected.
This study had several limitations. We investigated only
the isolated effect of 180° and 360° acquisition orbits on
quantification of cardiac SPECT imaging. We did not explore all potential confounding variables that might be relevant to clinical imaging. For instance, we did not take into
account the potential effect of patient body habitus. One
could extend the current phantom study by repeating imaging using a lung–spine phantom. However, such phantoms
imperfectly simulate a patient’s chest. In fact, we believe
that the principal reason that the described artifacts are not
observed in all clinical patient studies is the marked variation in patient body habitus. Figure 1 shows an example of
a patient in whom the inhomogeneous count distribution
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when using a 180° acquisition orbit is quite evident. Chest
circumference, tissue attenuation, and photon scatter are
likely to be important variables determining the presence or
absence of orbit-related artifacts. We also did not introduce
patient and cardiac motion and varying left ventricular
geometry in our phantom simulations. The phantom was
suspended in air to minimize attenuation by the imaging
table. In clinical imaging, attenuation by the imaging table
is another possible cause of inhomogeneity.
A wooden frame was used to position the phantom as
accurately and reproducibly as possible. However, we may
not have been entirely successful. We assume that the wavy
“normal” circumferential count profiles of the phantom in
the center position may be caused by a slight deviation of
the long axis of the phantom from the centerline of the table.
Indeed, on inspection of the rotating images of the phantom
in center position, we noted a slight wobble on cine display.
We presented imaging data acquired with only 1 dualhead SPECT imaging system. However, we performed
complementary experiments also using a triple-head gamma
camera system. The data acquired by the triple-head camera
were entirely consistent with those acquired by the dualhead system and further support our findings. Therefore, we
do believe that the current data are of general applicability.
We did not evaluate the effect of different types of
collimators but used the low-energy high-resolution parallel-hole collimators commonly applied for cardiac SPECT
imaging. The system resolution (full width at half maximum) with these collimators for 99mTc (140-keV photopeak)
ranged from 4.15 to 16.26 mm at a source– detector distance
ranging from 0 to 30 cm. Thus, spatial resolution was
significantly affected by the distance between the target
organs and detectors. It is feasible that the effect shown in
this study may be mitigated by the use of different collimators. We also did not investigate the effect of body contour
orbits. Our previous work suggested that such orbits can be
expected to aggravate orbit-related artifacts (4).
CONCLUSION

Acquisition of cardiac SPECT images using a 180° orbit
may result in quantifiable image inhomogeneity. This is
more pronounced when the heart is not in the center of the
orbit, as is usually the case in clinical imaging. The myocardial perfusion defect size derived from SPECT quantification may also be overestimated when the heart is off
center. To avoid artifactual and erroneous myocardial perfusion defects on cardiac SPECT images using 99mTc-labeled agents, a 360° circular acquisition orbit may be preferred over the currently recommended 180° orbit.
ACKNOWLEDGMENTS

The authors acknowledge George Zubal, PhD, for constructive discussions and Oleg Drozhinin, MD, and Wendy
Bruni for technical assistance. The authors also acknowledge Avi Bar-Shalev of General Electric Medical Systems,

ORBITS

ON

SPECT QUANTIFICATION • Liu et al.

1123

Haifa, Israel, for providing the cardiac phantom, the lowenergy high-resolution collimator data, and software assistance.
REFERENCES
1. Zaret BL, Wackers FJT. Nuclear cardiology. N Engl J Med. 1993;329:775–783.
2. Alazraki NP, Krawczynska EG, Depuey EG, et al. Reproducibility of thallium201 exercise SPECT studies. J Nucl Med. 1994;35:1237–1244.
3. DePuey EG, Garcia EV. Updated imaging guidelines for nuclear cardiology
procedures. Part 1. J Nucl Cardiol. 2001;8:G1–G58.
4. Maniawski PJ, Morgan HT, Wackers FJT. Orbit-related variation in spatial
resolution as a source of artifactual defects in thallium-201 SPECT. J Nucl Med.
1991;32:871– 875.
5. Liu YH, Sinusas AJ, DeMan P, Zaret BL, Wackers FJT. Quantification of SPECT
myocardial perfusion images: methodology and validation of the Yale-CQ
method. J Nucl Cardiol. 1999;6:190 –204.
6. Kirac S, Wackers FJT, Liu YH. Validation of the Yale-CQ SPECT quantification
method using 201Tl and 99mTc: a phantom study. J Nucl Med. 2000;41:1436 –1441.
7. LaCroix KJ, Tsui BMW, Hasegawa BH. A comparison of 180° and 360°
acquisition for attenuation-compensated thallium-201 SPECT images. J Nucl
Med. 1998;39:562–574.
8. Am A, Eisner RL, Schafer RW. Differences due to collimator blurring in cardiac
images with use of circular and elliptic camera orbits. J Nucl Cardiol. 2001;8:
458 – 465.
9. Freeman MR, Konstantinou C, Barr A, Greyson ND. Clinical comparison of
180-degree and 360-degree data collection of technetium-99m sestamibi SPECT
for detection of coronary artery disease. J Nucl Cardiol. 1998;5:14 –18.

1124

THE JOURNAL

OF

10. Tamaki N, Mukai T, Ishii Y, et al. Comparative study of thallium emission
myocardial tomography with 180° and 360° data collection. J Nucl Med. 1982;
23:661– 666.
11. Maublant JC, Peycelon P, Kwiatkowski F, Lusson J-R, Standke RH, Veyre A.
Comparison between 180° and 360° data collection in technetium-99m MIBI
SPECT of the myocardium. J Nucl Med. 1989;30:295–300.
12. Bax JJ, Visser FC, van Lingen A, Sloof GW, Cornel JH, Visser CA. Comparison
between 360° and 180° data sampling in thallium-201 rest-redistribution singlephoton emission tomography to predict functional recovery after revascularization. Eur J Nucl Med. 1997;24:516 –522.
13. Go RT, MacIntyre WJ, Houser TS, et al. Clinical evaluation of 360° and 180°
data sampling techniques for transaxial SPECT thallium-201 myocardial perfusion imaging. J Nucl Med. 1985;26:695–706.
14. Eisner RL, Nowak DJ, Pettigrew R, Fajman W. Fundamentals of 180° acquisition
and reconstruction in SPECT imaging. J Nucl Med. 1986;27:1717–1728.
15. Hoffman EJ. 180° compared with 360° sampling in SPECT. J Nucl Med.
1982;23:745–747.
16. O’Connor MK, Leong LK, Gibbons RJ. Assessment of infarct size and severity
by quantitative myocardial SPECT: results from a multicenter study using a
cardiac phantom. J Nucl Med. 2000;41:1383–1390.
17. Coleman RE, Jaszczak RJ, Cobb FR. Comparison of 180° and 360° data collection in thallium-201 imaging using single-photon emission computerized tomography (SPECT): concise communication. J Nucl Med. 1982;23:655– 660.
18. Knesaurek K, King MA, Glick SJ, Penney BC. Investigation of causes of
geometric distortion in 180° and 360° angled sampling in SPECT. J Nucl Med.
1989;30:1666 –1675.
19. Bice AN, Clausen M, Loncaric S, Wagner H Jr. Comparison of transaxial
resolution in 180° and 360° SPECT with a rotating scintillation camera. Eur
J Nucl Med. 1987;13:7–11.

NUCLEAR MEDICINE • Vol. 43 • No. 8 • August 2002

