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Tissue attenuation results Â¡nnonuniform myocardial perfusion
images with significant sex differences. New SPECT imaging
protocols to correct attenuation are currently under investigation.
This study was performed to assess the effects of attenuation
correction (AC) on overall image uniformity compared with more
conventional imaging protocols in both men and women.
Methods: Thirty-nine patients (19 men, 20 women) with less
than a 5% likelihood of coronary artery disease were studied.
99mTc-sestamibistudies were acquired with a triple-head scanner

equipped with a simultaneous transmission and emission proto
col. Four imaging protocols were compared: a 180Â°acquisition
and filtered backprojection reconstruction (FBP), a 360Â°acquisi
tion and FBP, a 360Â°acquisition and iterative reconstruction (IT),
and a 360Â°acquisition with IT and AC. Quantitative analysis was

performed to evaluate myocardial tracer uniformity for men and
women. Results: 180Â°,360Â°FBP, and 360Â°IT showed sex

differences, with decreased tracer concentration in the anterior
wall in women and decreased tracer concentration in the inferior
wall in men. AC images showed the greatest uniformity (9.9%
coefficient of variation for AC versus 12.5% for IT, P < 0.0001),
and no statistically significant differences in uniformity were seen
between male and female AC studies. Conclusion: More uni
form myocardial perfusion images were obtained with AC, result
ing in images with no differences in uniformity between men and
women. These techniques are expected to improve specificity
and overall diagnostic accuracy.
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Re Lecent advances in myocardial perfusion imaging have
improved the diagnostic sensitivity of this technique in the
assessment of patients with known or suspected coronary
artery disease. The use of SPECT results in an improved
ability to localize defects (1). However, the specificity of
perfusion imaging is suboptimal because of the effects of
tissue attenuation on photons as they traverse the thoracic
structures before detection by the gamma camera. Tissue
attenuation results in nonuniform myocardial perfusion
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images with significant sex differences related to body
habitus and leads to reduced accuracy of both tracer
quantification and clinical interpretation (2,3). The physical
properties of WmTc-labeled radiopharmaceuticals, including
higher energy levels and greater photon flux than with 2Â°'T1

labeling, are better suited for imaging with current gamma
cameras and have reduced the effects of tissue attenuation.

Attenuation correction (AC) in PET cardiac imaging has
resulted in improved myocardial tracer distribution. Prelimi
nary reports show PET myocardial perfusion imaging to
have greater accuracy for diagnosis of coronary artery
disease, mostly because of increased specificity (4-6).

However, PET centers are not widely available, and PET
myocardial perfusion imaging is still expensive. New devel
opments in SPECT technology include acquisition protocols
with 360Â°orbits and imaging processing as well as simulta

neous acquisition of transmission and emission scans and
AC myocardial perfusion images (7-11). The overall diag

nostic accuracy of myocardial perfusion imaging may be
improved with these enhanced modalities, especially AC
(12). However, further evaluation of this technology is
needed before its acceptance in routine clinical practice will
become widespread.

This study was performed to assess the effects of new
acquisition and processing techniques and AC on overall
image uniformity compared with more conventional imag
ing protocols in both men and women.

MATERIALS AND METHODS

Patient Population
Thirty-nine patients (19 men, 20 women; age range, 22-54 y;

mean age, 44.8 y) were included in this study. Average weight
ranged from 77 to 118kg (170-260 Ib) for men and from 68 to 105
kg (150-230 Ib) for women. None of the patients had a history of
angina, hypertension, or diabetes. All patients had normal findings
on physical examination and resting electrocardiography.

The reasons for testing included nonanginal chest discomfort in
27 patients, palpitations in 5, coronary risk factors in 4, and
preoperative evaluation in 3. All patients underwent a graded
exercise test on a treadmill using a standard Bruce protocol and
achieved 85% of the maximal predicted heart rate with no chest
pain or electrocardiographic changes suggestive of ischemia. The
exercise test showed each patient to have less than a 5% probability
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of coronary disease (13), and no patient underwent cardiac
catheterization.

Exercise Testing and Imaging Protocol
Patients fasted for at least 8 h before the exercise test. Imaging

was performed with a rest-stress protocol. At least 60 min after the
injection of 296-370 MBq "Tc-sestamibi, rest images were

obtained. Approximately 60-90 min later, patients began the
exercise test, and 666-888 MBq "Tc-sestamibi were injected at

the peak of exercise. Exercise was continued for at least 1 min after
the injection. All the images compared were acquired approxi
mately 60 min later.

Image Acquisition and Processing
All SPECT studies were acquired and processed with a triple-

head 3000 XP scanner (Picker International, Inc., Cleveland
Heights, OH) and an Odyssey VP computer (Picker International)
equipped with a simultaneous transmission and emission protocol.
This protocol uses all 3 head units for emission detection, and 1 of
the heads also detects transmission. A linear external source of
energy filled with l5'Gd placed at the focal point of one of the 3

high-resolution fanbeam collimators was used to obtain transmis
sion images. Projection images were acquired every 3Â°for 10 s
using an elliptic orbit over 360Â°(120 projections in 20 min).

Energy peaks were set at 140% Â±10% keV for the emission and
90% Â±20% keV for the transmission images. Six raw data files
were acquired (2 energy windows in each of the 3 heads) and stored
for further processing. Tomographie images were then recon
structed using 4 different protocols. The first, a 180Â°protocol, used
images acquired from a conventional 180Â°acquisition from the
150Â°(right anterior oblique) position to the 30Â°(left posterior

oblique) position, the filtered backprojection algorithm for tomo-
graphic reconstruction, and a low-pass postreconstruction filter on
the transaxial images. The second, a 360Â°filtered backprojection

reconstruction (FBP) protocol, used all 120 projections to recon
struct the tomograms, which were processed with filtered backpro
jection without AC and with a postreconstruction low-pass filter.
The third, a 360Â°iterative reconstruction (IT) protocol without AC,

used all 120 projections and a maximum-likelihood expectation

maximization algorithm but no postreconstruction filtering or AC.
The fourth, an AC protocol, processed all 120 projections with IT, a
maximum-likelihood expectation maximization algorithm, and
AC. All images were resliced to obtain the horizontal long-axis,
vertical long-axis, and short-axis views.

Image Quantification and Data Analysis
Basal, midventricular, and apical stress short-axis images were

selected for quantitative analysis. Eight circular regions of interest,
which included at least 2 pixels (pixel size, 5.06 X 5.06 X 5.06
mm), were placed in each short-axis view, and a set of 24 data

points (counts per pixels) was obtained for each patient. An average
count per pixel was obtained from the 24 regions of interest, and
the measured counts were normalized to the average of each
patient. Two additional regions of interest were also placed along
the vertical long axis to evaluate the anteroapical and inferoapical
segments. Each normalized regional value represented the ratio of
that region from the average of the entire myocardium. This
normalized value was used for all comparisons.

Statistical Analysis
All values were expressed as mean Â±SD. ANOVA was used to

establish differences among protocols. The Student / test was used

to assess differences among the same regions processed with
different protocols.

RESULTS

Average and SD of the normalized data values for each of
the 24 regions analyzed are depicted in a bull's-eye graph in

Figure 1 for women and men with the 4 image acquisition
and processing protocols.

Comparison Between 180Â°and 360Â°FBP Images

The average anterior wall value, from base to apex,
appeared to be significantly higher and closer to unity in the
360Â°FBP images than in the 180Â°images in both women

and men (0.96 Â±0.08 versus 0.87 Â±0.07 for women, P <
0.001; 1.03 Â±0.06 versus 0.96 Â±0.08 formen, P < 0.01).

The segments with the greatest differences were the distal
anterior wall in women (0.99 Â±0.08 versus 0.89 Â±0.06,
P < 0.0001) and the midanterior segment men (1.01 Â±0.05
versus 0.89 Â±0.06, P < 0.0005).

The septum appeared to be significantly lower and closer
to unity in 360Â°FBP images than in 180Â°images, again for

both women and men (0.97 Â±0.06 versus 1.03 Â±0.09 in
women, P < 0.01; 0.98 Â±0.06 versus 1.05 Â±0.07 in men,
P < 0.01). The septal segment most affected in both men

and women was the mid septum. The inferior and lateral
segments did not exhibit significant differences with these 2
methods.

Statistically significant differences in uniformity were
observed with both methods. In 180Â°images, the distal

anterior wall was lower in women than in men (0.89 Â±0.06
versus 1.03 Â±0.08, P < 0.0001) and the entire inferior wall
was lower in men (P < 0.0001 for all 3 inferior segments).
In 360Â° FBP images, the distal and midanterior wall

segments were lower in women (P s 0.001) and, again, the
entire inferior wall was lower in men (P < 0.001).

Comparison Between 360Â°FBP Images and 360Â°IT

Images Without AC

In IT images without AC, the anterior wall appeared to be
higher most prominently in the midanterior wall segments in
women (1.05 Â±0.07 versus 0.94 Â±0.08, P < 0.0001) and
lower in the basal septum and basal lateral wall (P < 0.001).

In men, the most prominent change was observed in the
inferior wall, where higher values, which were closer to
unity, were found in IT images without AC (P < 0.0005 and

0.001 for the mid and distal inferior segments, respectively).
In addition, the lateral wall was lower and closer to unity,
with the most prominent change being in the basal and
midlateral segments (P < 0.0001 and 0.01, respectively).

Again, similar differences between men and women were
observed with both methods; however, the statistical differ
ence was found to be less marked (e.g., the inferobasal
segment was lower, with 360Â°FBP images at the 0.0001
level and 360Â°IT images without AC at the 0.05 level).
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FIGURE 1. Graphicbull's-eyerepresenta

tion of average normalized data obtained
for all patients for all 3 short-axis views
(base, mid, and apex). Comparisons were
made for all 4 image processing methods
for men and women. Values of P are for
comparison between image processing
methods. NS = not statistically significant.
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Comparison Between 360Â°IT Images Without AC

and AC Images

AC resulted in the most uniform set of images, with a
significantly lower coefficient of variation than in 360Â°IT

images without AC (12.5% versus 9.9%, P < 0.0001). When

female and male segmental distribution was compared,
differences between men and women were no longer present.

Apical Segments
On 180Â°,360Â°,and IT images, the inferoapical segment

was consistently lower than the mean in all subjects (P =

0.0094, 0.0021, and 0.0024, respectively). However, the
inferoapical segment was not different from the mean on AC
images. The anteroapical segment was similar to the mean
on all 4 sets of images. The mid and distal segments of the
inferior wall were lower in men (P < 0.05 and 0.018,

respectively).
In summary, the anterior wall in women and the inferior

wall in men are the segments of the left ventricle that are
most affected by different image reconstruction techniques
(Figs. 2A and B). Incremental benefit is apparent with the
progressive use of 360Â° acquisition protocols; IT; and,

finally, AC, for which the most uniform tracer distribution
was quantified (Fig. 3).

DISCUSSION
This study showed that the use of a 360Â°orbit for data

acquisition with IT and AC improves image uniformity and
eliminates sex differences.

Imaging artifacts from tissue attenuation have presented,
for both visual clinical interpretation and quantification of
myocardial perfusion images, a challenge that has resulted
in a significant decrease in specificity and sensitivity,
especially in the territory of the left circumflex artery (1).
Several investigators described significant sex differences
related to attenuation artifacts and different body configura
tion in women and men. The classic attenuation artifacts
include decreased distal anterior wall tracer concentration in
women and decreased inferior wall concentration in men.
Our data showed a similar regional distribution when AC
was not used. However, the most prominent regional
differences (i.e., anterior wall in women and inferior wall in
men) were progressively smaller when 360Â°orbits and IT

algorithms were used (Fig. 2 and 3).
The use of 180Â°acquisition orbits has been the standard

acquisition technique in SPECT myocardial perfusion imag
ing over the last several years. Although promoted for
thallium imaging, this technique has remained controversial.
Eisner et al. (14) suggested that 180Â°acquisitions would

FIGURE 2. Representative midventricu-
lar slices along short axis, vertical long axis,
and horizontal long axis of men and women
from study group. In top row are images
with IT and no AC; in bottom row are same
slices with IT and AC. AC images show
better uniformity.
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FIGURE 3. Graphs show average values
of 4 left ventricular regions in women and
men, including base, mid, and apical slices,
with 4 methods used for image processing.
Greater uniformity is obtained with 360Â°

acquisition, and best results are obtained
with AC.

result in a better signal-to-noise ratio (2), but Go et al. (75)

found an increased number of imaging artifacts. Current
SPECT scanners are equipped with multiple detectors that
allow image acquisition with 180Â°or 360Â°orbits in shorter

or similar scanning times depending on the chosen protocol.
In this study, we showed that 180Â°acquisition of "Tc-

sestamibi images resulted in a set of images with the least
uniformity and the greatest differences between men and
women. Furthermore, 360Â°acquisition protocols with IT and

AC resulted in the most uniform images and no sex
differences. This study was performed using a triple-head
system equipped with high-resolution fanbeam collimators

and a simultaneous transmission and emission protocol for
acquisition and image processing provided by the manufac
turer and commercially available. Initial development and
validation of the AC procedure was performed by Datz et al.
(70) and showed the effectiveness of the AC protocol in
phantom studies. More recently, using similar equipment but
slightly different procedures, Picaro et al. (72) showed
improved diagnostic accuracy of myocardial perfusion im
ages with AC in a diverse group of patients with a wide
range of coronary artery disease. That study also analyzed a
group of patients with a low likelihood of coronary artery
disease. Our results agree with the observations of Picaro
Ã©tal.

This study was an initial observation on the usefulness of
the new acquisition protocols with a 360Â°orbit and simulta

neous AC in a few patients with a low likelihood of coronary
artery disease. A larger group of patients needs to be
thoroughly analyzed, and a new control database with the
current techniques needs to be implemented. A direct
comparison of 360Â°images with AC and 180Â°images with

AC, however desirable, was not possible because of equip
ment limitations.

CONCLUSION
This study showed that the use of 360Â° acquisition

protocols with IT and AC resulted in a more uniform
apparent 99mTc-sestamibi myocardial distribution in a group

of patients with a low likelihood of coronary artery disease.
The previously described sex differences were no longer
observed. The greatest impact of AC was in the inferior and
inferolateral regions in men and in the distal anterior wall in
women. This method may significantly improve the diagnos
tic accuracy of myocardial perfusion imaging. Furthermore,
a quantitative approach without the necessity of sex-specific

databases can be applied for the evaluation of the extent and
severity of perfusion defects. Further clinical evaluation
with various AC techniques is required.
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