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Basic and clinical evaluation of thallium single-photon emission computed to-
mography (SPECT) using a rotating gamma camera with 180° (LPO to RAO) data
collection was carrled out and compared with the full 360° rotation. No attenuation
correction was used. In a phantom study the reconstructed image from the 180°
scan revealed better resolution. Although the 180° scan, when compared with the
360° scan, showed great photon attenuation in the deep location of a line source
in water, this problem was not significant in the clinical study of six normal hearts.
in 11 cases with myocardial infarction, the perfusion defect was more clearly visu-
alized in the 180° scan. The defect-to-normal (D/N) wall-count ratio was lower in
the 180° scan (0.48 1 0.16; mean % s.d.) than in the 360° scan (0.61 £ 0.15,p <
0.05), indicating superior leslon contrast in the former. These results suggest that
for myocardial SPECT the 180° collection method is a more effective technique in

the clinical evaluation of coronary artery disease.
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Single-photon emission computed tomography
(SPECT), which was first introduced by Kuhl et al. (1),
has developed rapidly in recent years (2-5). We and
other investigators reported the clinical usefulness of
thallium-201 myocardial SPECT using a rotating
gamma camera (6-10). However, the long acquisition
time and great attenuation through the body due to the
low energy and poor count density of Tl-201 are some of
the limitations of myocardial SPECT. For these reasons,
a 180° data-collection procedure, omitting acquisition
from the posterior half of the myocardium, was at-
tempted by us and others in search of improvement
(6,9,10). In the 180° scan, photon attenuation might
become prominent for the deeper structures. To assess
this factor, we measured the counts in the posterior- and
anterior-wall segments of myocardium reconstructed
from both 180° and 360° scans. This paper describes a
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comparative evaluation of 180° (RAO to LPO) versus
360° data collection regarding spatial resolution, lesion
contrast, and photon attenuation in a phantom as well
as in a clinical study.

MATERIALS AND METHODS

Imaging system. A large-field-of-view gamma camera
with a high-resolution parallel-hole collimator supported
by a gantry, revolves through 180° or the full 360°
around the long axis of a patient. Sixty-four different
views over 360°, or 32 views over 180° , 20 sec each,
provide sampling for every 5.8° of revolution of the de-
tector. Total acquisition time was 22 min for the 360°
mode and 11 min for the 180° mode. In the latter, data
collection started from the left posterior oblique (LPO)
view and ended at the right anterior oblique (RAOQ), so
that only the data from anterior half of the myocardium
were utilized for SPECT. Consequently, fewer recorded
counts were available for reconstruction in this mode.

Transaxial tomograms were reconstructed by a fil-
tered back-projection method with Chesler’s filter (/1)
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FIG. 1. Thallium-201 line-source response functions obtained along
the long axis of a 30 X 20 cm ellipse in water (shown schematically
at left) by the 180° and 360° modes. Attenuation is prominent in
water, especially with 180° method (right). Spatial resolution, as
judged by FWHM, is better for 180° method than for 360°.

using a convolution reconstruction algorithm (6,/2). No
attenuation correction was used. Each transaxial to-
mogram was displayed perpendicular to the long axis of
the left ventricle. Thereafter, frontal and sagittal to-
mograms were reorganized from a series of transaxial
tomograms, so that the frontal and sagittal tomograms
closely correspond to transverse and longitudinal sections
in relation to cardiac axis (6). The reconstructed images
were displayed in a 64 X 64 matrix.

Resolution and photon attenuation. To determine the
spatial resolution and photon attenuation of the 180° and
360° modes of revolution of our imaging system, line-
source response functions (2) were obtained from a water
phantom imitating the chest: 40 cm long and elliptical
in cross section, with major and minor axes of 30 and 20
cm. Three T1-201 line sources, 10 cm long, were placed
in the phantom, oriented parallel to the 40-cm axis: one
at the center of the ellipse, the second displaced 5 cm
from it as if toward a 45° LAO detector, and the third
similarly displaced 10 cm (Fig. 1). The degree of atten-
uation by the water was assessed from the peak heights
of the line-spread functions as registered in the 180° and
360° modes of revolution.

Cardiac phantom study. A cone-shaped double-walled
cardiac phantom was constructed of plastic. A
transmural defect was imitated by placing a cylindrical
plastic plug, 2 cm in diam by 1 cm high, between the
anterior walls of the phantom. Elsewhere the “cardiac
wall” contained 200 uCi of TI-201 dissolved in 200 cc
of water. This cardiac model was placed in the chest
phantom, pointing 45° to the left and 30° toward the
“feet” (6). Thallium-201 background activity was added
to the tank until a myocardium-to-background ratio of
2:1 was obtained by planar imaging (/3). SPECT was
performed with 180° and 360° revolutions around the
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FIG. 2. (a) Transaxial tomogram from normal person. (b) Posterior
and apical regions of interest used to calculate P/A ratio.

water tank, and the perfusion defects in the two tomo-
graphic sections were compared.

Clinical study. With the same 180° and 360° collec-
tion modes, we studied six subjects with no clinical evi-
dence of coronary artery disease, and 11 patients who
had had myocardial infarctions within 4 wk to 2 yr, as
confirmed by electrocardiogram and serum enzyme tests.
Two millicuries of thallium were injected intravenously
at rest 10-30 min before the imaging. All tomographic
images, with 10-20% background subtraction, were in-
terpreted by two independent observers.

To examine the attenuation through the human tho-
rax, differences in attenuation between the superficial
(apical) and deep (posterior) areas in the myocardium
were assessed. The posterior-to-apical wall-count ratio
(P/A ratio) was calculated in six normal subjects by
flagging 3 X 3 pixel regions of interest (ROIs) at the
center of the posterolateral and apical regions of tran-
saxial tomograms in both techniques (Fig. 2). To obtain
a quantitative comparison of lesion contrast, the de-
fect-to-normal wall-count ratio (D/N ratio) was cal-
culted at the transaxial plane in six patients with ante-
rior-wall myocardial infarction and at the frontal plane
in five patients with inferoposterior wall infarction. 3 X
3-pixel ROIs were flagged at the center of each perfusion
defect and in the adjacent normal wall.

RESULTS

Figure 1 shows the results of resolution measurements,
reported as FWHM for the line-source response func-
tions in water, and the relative counts of the line source
in the reconstructed images. Resolution was better in the
180° scan than in the 360° scan. In the measurement in
water, the effect of attenuation was found to be greater
in the 180° scan.

Spatial resolution of the imaging system was studied
in the cardiac phantom in thallium-containing water
with the 2-cm-diameter transmural perfusion defect in
the anterior wall. SPECT was performed with 180° and
360° scans and sections showing the defect in each plane
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FIG. 3. Reconstructed images of cardiac phantom in water tank
with transmural defect 2 cm in diameter in anterior wall, made with
360° and 180° data collection. Defect is seen better with 180°
method (arrows).

were displayed (Fig. 3). Myocardial sections recon-
structed from the 360° scan were slightly thicker than
those from the 180° scan, probably due to poorer spatial
resolution in the former. Although more photon atten-
uation was observed in the deep region in the 180° scan,
the perfusion defect is better demonstrated in the 180°
scan than in the 360°.

Table 1 summarizes the P/A ratios calculated from
the counts in transaxial tomograms of six normal hearts
taken in both modes. Although the P/A ratio was slightly
lower in the 180° scan, no significant difference was
observed. Thus, the 180° scan revealed no greater photon
attenuation than the 360° scan when applied to human
myocardial imaging.

Figure 4 shows the SPECT images of a normal heart
reconstructed from the 180° and 360° scans. A homo-
geneous thallium distribution in the left-ventricular
myocardium can be seen with both scans, but the 180°
scan shows better image contrast with less background
noise than does the 360° scan.

SPECT images from a patient with posterolateral
myocardial infarction are shown in Fig. 5. The sections
that showed the defect best were selected in each plane.
The perfusion defect, although situated posteriorly, was
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TABLE 1. POSTERIOR-TO-APICAL WALL-
COUNT RATIOS IN TRANSAXIAL TOMOGRAMS
OF SIX NORMAL HEARTS (180° VS. 360°
DATA COLLECTION)

Case no. 180° scan 360° scan
1 0.83 0.81
2 0.86 0.92
3 0.92 1.01
4 0.98 1.02
5 0.87 0.86
6 0.94 0.98
mean % s.d. 0.90 £+ 0.05 0.93 + 0.08
(N.S.)

detected in the transaxial and the frontal sections more
clearly with the 180° scan.

In all of our 11 cases with myocardial infarction, the
perfusion defects were noted in areas corresponding to
the location of the infarct in either scan. But as shown
in Table 2, the D/N ratio in each case was lower for the
180° scan (0.48 + 0.16; mean s.d.) than for the 360°
scan (0.61 + 0.15, p < 0.05), indicating a significant
difference in the lesion contrast between the two
modes.

DISCUSSION

In a previous paper, using 360° sampling and attenuation
correction by Sorenson’s method (/4), we reported that
myocardial SPECT provided better clinical efficacy than
planar imaging in the assessment of coronary artery
disease (6). In an effort to improve myocardial SPECT
further, a previously proposed (6,9,10) 180° (LPO to
RAO) data-collection method is evaluated in this paper
in comparison with the full 360° method.

The myocardium is situated close to the left anterior
wall of the thorax, so that posterior images of the heart
suffer significantly from the effects of attenuation and
loss of spatial resolution due to lung tissue, vertebral
bone, and the supporting bed. Because of attenuation and
scattering, therefore, such posterior images should
contain much less myocardial information, and more
noise, than the anterior images—especially with low-
energy tracers like thallium-201.

In our basic study of line-source response functions,
better spatial resolution was obtained with the 180° scan
than with the 360°. Consequently, the myocardial wall
was thicker in the 360° scan. In the clinical study of
myocardial infarction with 180° scan, a significantly
lower D/N ratio was well demonstrated. These results
are considered to be due to lower background noise be-
cause of minor attenuation and scattering in the case of
180° (LPO to RAO) revolution.
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TABLE 2. DEFECT-TO-NORMAL WALL-COUNT RATIOS CALCULATED IN THE TRANSAXIAL (T) OR A
FRONTAL (F) PLANE IN 11 PATIENTS WITH PRIOR MYOCARDIAL INFARCTION (180° VS. 360°
DATA COLLECTION)

Location of
Case no defect 180° scan 360° scan (Plane)
1 apical 0.48 0.67 m
2 apical 0.48 0.72 m
3 septal 0.58 0.64 m
4 septal 0.50 0.63 m
5 anterior 0.22 0.38 m
6 anterior 0.15 0.32 m
7 inferior 0.44 0.49 (F)
8 inferior 0.50 0.66 (F)
9 lateral 0.56 0.69 (F)
10 posterolateral 0.70 0.75 (F)
1 posterolateral 0.72 0.81 F
mean + s.d. 0.48 + 0.16 0.61+0.15
(p <0.05)
180° scan

transaxial

frontal

360° scan

transaxial

frontal

. FIG. 4. Thallium myocardial SPECT im-
sagittal ages of normal person, reconstructed from
(a) 180° and (b) 360° data-collection
methods. Note lower background rioise in
180° SPECT images.
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FIG. 5. Thallium myocardial SPECT images from patient with
posterior-wall infarction. Perfusion defect in posterolateral wall is
visualized more clearly, and with less background noise, in images
made by 180° scan (arrows).

In our comparative estimates of photon attenuation
in the 180° and 360° scans from the line-source response
functions, the effect of attenuation in water was greater
in the 180° scan. On the other hand, our study of SPECT
tomograms of six normal hearts showed that P/A ratio
was not significantly different between the two modes.
For this there are several possible reasons. Photon at-
tenuation through the air-containing lung adjacent to
the heart seems to be a minor factor in myocardial
imaging. Again, the myocardium is relatively small and
is situated close to left anterior wall of the thorax, so data
collection by posterior view may not provide much in-
formation concerning the myocardium and may add
distortions and error propagation. Furthermore, in the
posterior view, attenuation by the vertebral bone and the
supporting bed should be inevitable. Therefore, in the
assessment of a perfusion defect, photon attenuation
seems to be a relatively minor problem when SPECT is
reconstructed only from data of the anterior half of the
myocardium.

It has been well established that thallium myocardial
SPECT yields high-contrast images that permit easy
identification of a perfusion defect (5-8). It can also
depict a three-dimensional distribution of the thallium,
which permits calculation of the size of an infarct (7).
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Although relatively long acquisition time has been one
of the inherent limitations of myocardial SPECT in
routine clinical applications (2), the 180° collection
method can shorten the time to only 11 min and can also
provide better image contrast and resolution than 360°
data collection. This method may also be applicable for
dynamic studies such as ECG-gated imaging (15).

In conclusion, the 180° (LPO to RAO) mode of rev-
olution for thallium myocardial SPECT provides an
improved and feasible technique for the clinical evalu-
ation of coronary artery disease.
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Society of Nuclear Medicine
7th Annual Western Regional Meeting

October 7-10, 1982 Town and Country Hotel San Diego, California
Announcement

The four-day meeting will begin on Thursday at noon. In the tradition of excellence set by the prior six Regional Meet-
ings, we expect to present a scientific program, refresher courses, invited speakers, and commercial exhibits of
superior quality.

We are pleased to announce the participation of the following outstanding speakers: Leonard Holman, MD, Harvard
University, John W. Keyes, Jr., MD, University of Michigan, and Gerd Muehllehner, PhD, University of Pennsylvania.

Ismael Mena, MD, Harbor/UCLA Medical Center will deliver the George V. Taplin Memorial Lecture.
On Saturday afternoon there will be a special symposium entitled “Emission Computed Tomography: State of the Art.”

In addition to the invited speakers, the faculty of the symposium will include David E. Kuhl, MD of the UCLA School
of Medicine.

The Refresher Courses are as follows:

1. Jerome Gambino, PhD “Review of Radiation Biology"
2. Ernest Garcia, PhD “Getting the Most from Your Computer”
3. Robert Lull, MD “G.l. Bleeding—Problems in Detection and Localization”
4. John Verba, PhD “What's New in Imaging Equipment”
5. S. Halpern, MD/S. Larson, MD “Update on Monoclonal Antibodies”
6. William Oldendorf, MD “NMR Basic Science”
7. William Oldendorf, MD “NMR Clinical”
8. Mike Kipper, MD “Labeled WBC Imaging—The Search for Occult Infection”
9. Barbara Gosink, MD “Review of Abdominal and Thyroid Ultrasound”
10. William Ashburn, MD “Quantitative Aspects of Nuclear Cardiology”
11. Dan Berman, MD “Clinical Role of Nuclear Cardiology”

The 7th Annual Western Regional Meeting will have commercial exhibits and all interested companies are invited.
Please contact the Western Regional office at the address listed below for further information:
Justine J. Parker, Administrator
7th Western Regional Meeting
P.O. Box 40279
San Francisco, CA 94140
Tel: (415)647-1668 or 647-0722
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Western Regional Chapters

Society of Nuclear Medicine
Hawaii Spring Conference
April 10-15, 1983 Waiohai Hotel (Kauai) Kauai and Oahu, Hawaii
Hawaiian Regent (Oahu)
Announcement

Howard Parker, M.D., Program Chairman, announces plans for a Western Regional Hawaii Spring Conference to
take place April 10-14, 1983 at the Waiohai Hotel on Kauai and April 14-15, 1983 at the Hawaiian Regent in Honolulu.
The program will feature invited speakers covering topics of current interest, including cardiology, instrumentation,
computers, NMR, and interesting clinical case studies. The meeting is sponsored by the Pacific Northwest, Southern
California, Northern California, and Hawaii Chapters of the Society of Nuclear Medicine.

For further information. contact: Jean Parker, P.O. Box 40279, San Francisco. CA 94140. Tel: (415)647-0722.
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