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The aim of this study was to determine the reproducibility of
measurements of the size and severity of myocardial defects
from "mTc sestamibi cardiac phantom studies performed on

multiple different gamma camera systems. Methods: A total of
250 gamma camera systems were evaluated over a 5-y period as
part of the validation process of multiple multicenter trials. Each
laboratory performed 9 acquisitions of a cardiac phantom. Small
myocardial defects (0%-30% of myocardial mass) were placed
in the inferobasal region, whereas larger defects (40%-70%)
were located in the anterior wall. Five representative short-axis
slices were analyzed to determine defect size and severity (i.e.,
contrast in defect region) using circumferential short-axis count
profiles. Defect size and severity were analyzed as a function of
the type of collimator, gamma camera system, and type of orbit
(180Â°versus 360Â°).Results: Of the 250 systems, image data

were acquired correctly and showed an acceptable correlation
between true and measured defect size in 198 systems. For
these systems, the slope of the regression line between true and
measured defect size was 1.03 Â±0.03, with an average absolute
error in estimating defect size of 1.7% Â±0.5% and a correlation
coefficient r = 0.99 Â±0.01. Results were independent of the
gamma camera system, type of collimator, and orbit. Contrast in
the defect region (minimum count/maximum count) showed a
small dependence on collimator resolution and pixel size but was
altered significantly by the type of acquisition orbit, with a 360Â°

orbit showing better contrast for defects located in the inferobasal
wall than a 180Â°orbit. Conclusion: Measurement of defect size

is independent of the gamma camera system, type of collimator,
and orbit. Contrast in small defects located in the inferobasal wall
of the heart is affected significantly by the type of acquisition orbit
but not by the type of collimator.
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O ver the last 5-10 y, numerous tomographic techniques

have been developed for the quantitative assessment of
myocardium at risk and infarcÃ¬size from 99mTcsestamibi
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myocardial perfusion studies. These techniques have used a
variety of methods to assess infarcÃ¬size, including polar
maps (7), planimetry of the short-axis images (2), and
circumferential count profile analysis of the short-axis slices
(3-5). With an appropriate threshold level to discriminale

infarcted from normal myocardium, all 3 melhods have
shown similar resulls (6). Furthermore, previous work from
Ihis laboratory has shown ihe feasibility of using Ihese
techniques for Ihe assessmenl of infarcÃ¬size in multicenler
irials (7). In addilion lo the measurement of infarcÃ¬size,
measurement of olher parameters, such as ihe apparent
severily of ihe infarcÃ¬,can yield useful clinical informalion
on collateral blood flow (8,9). However, a parameter such as
defecl severity is in essence a measure of image contrast
and, as such, is likely to be more sensitive to differences in
the type of imaging equipment and the acquisition param
eters.

The extension of our work lo a large number of clinical
sites as part of several mullicenler Irials has provided us with
a unique opportunity lo evaluate Ihe effects of various
acquisilion parameters on Ihe measuremenl of infarcÃ¬size
and Ihe severity in a well-defined phanlom model of the

heart. A better understanding of the influence and impor
tance of various acquisition parameters noi only clarifies Ihe
use of quanlilalive informalion from WmTcseslamibi myocar

dial perfusion sludies in mullicenler trials but also provides
important insights regarding the effect of gamma camera,
collimator, acquisition orbit, and pixel size on defect size
and severity.

MATERIALS AND METHODS

Study Group
Over a 5-y period, a lotal of 250 gamma camera systems were

evaluated as part of the validation process for entry into 8
multicenter trials. All 8 trials were designed to assess the efficacy
of various adjunctive therapies to thrombolysis and percutaneous
transluminal coronary angioplasty and used measurement of infarcÃ¬
size as 1 of their endpoints. The validation process for myocardial
perfusion imaging included several quality control tests and
imaging of a cardiac phantom containing various simulated in-

farcts, as described (7). Of the 250 gamma camera systems, 198
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successfully passed this validation process, and the cardiac phan
tom results from these systems are presented in this article.
Fifty-two systems were excluded from this study for various

technical and procedural reasons. Technical problems included
nonuniformities or center-of-rotation errors with the gamma cam

era that degraded the image data. Procedural problems with the
cardiac phantom included poor image contrast associated with the
placement of incorrect activities in the myocardium and back
ground, incorrect placement of the myocardial defects, and poor
imaging technique (e.g., large collimator-to-phantom separation),

which resulted in a poor correlation between true and measured
defect sizes.

Of the 198 systems that passed the validation process, most (160
systems) were located in either the United States or Canada. The
remaining 38 systems were located in Europe (17 systems), South
America (13 systems), or Australia (8 systems). Virtually all
gamma camera manufacturers were represented in this study. Table
1 presents a breakdown of the number of systems from each
vendor, together with details of whether the system was a
single-head, dual-head (90Â°orientation), or triple-head detector

system.
All data were submitted by 1 of 3 methodsâ€”floppy diskette,

streamer tape, or transfer using the file transfer protocol over the
Internetâ€”and either in vendor-specific file format or in Interfile

(70). For the cardiac phantom data, all laboratories were asked to
submit only raw planar data. Where possible, data were submitted
with the appropriate uniformity and center-of-rotation corrections.
Alternatively, these corrections were applied in-house using correc

tion maps supplied by the participating laboratory. All data were

TABLE 1
Breakdown of 198 Systems by Manufacturer and Number of

Detector Heads

DetectorsystemManufacturerADAC

Laboratories*ElscinttMedisotGeneral

ElectricMedicalSystemsÂ§Picker

International!!Siemens
MedicalSystemsHSopha/Summit

MedicalSystems*Toshiba"TrionixttSingle

head1632439239142â€”Dualhead173â€”4â€”â€”7â€”â€”Tripleheadâ€”â€”â€”â€”122â€”23

Total 148 31 19

â€¢Milpitas,CA.

tHaifa, Israel.
^Budapest, Hungary.
Â§Milwaukee,Wl.
HCIevelandHeights, OH.
^Hoffman Estates, IL.
#Buc, France.
"Tokyo, Japan.

ttTwinsburg, OH.
Dual-detector systems with opposing (unused) detector have

been classified as single-detector systems.

then converted to a file format compatible with the computer
system used in the core laboratory (Pinnacle system; Medasys, Inc.,
Ann Arbor, MI).

Quality Control
In addition to the uniformity and center-of-rotation corrections,

each laboratory was required to perform several tests on system
performance (7). Briefly, these tests were designed to check
variation in system uniformity with rotation, collimator sensitivity
and hole alignment, gantry alignment, and pixel size.

Multicenter Cardiac Phantom Studies
The methodology for the cardiac phantom studies has been

described (3,4,7). All participating laboratories were supplied with
a cardiac phantom (RH-2; Capintec, Ramsey, NJ) containing a

heart, lungs, and a spine. The phantom had an outside circumfer
ence of 85 cm. The heart consisted of right and left ventricles with
separate compartments for the blood pool and myocardium. Eight
latex insets (defects), ranging in size from 5% to 70% of
myocardial volume, were used to simulate hypoperfused or in-

farcted myocardium. Each laboratory performed a total of 9
SPECT acquisitions with the phantom, 1 for each defect and 1 with
no defect. Laboratories were requested to place the small defects
(5%-30%) in the inferobasal region of the heart and the large
defects (40%-70%) in the anterior wall of the heart. For the study
of the normal myocardium, 74 MBq (2 mCi) "Tc were placed in

the background chamber of the phantom and 56 MBq ( 1.5 mCi)
"Tc were placed in the myocardium. With the introduction of

various defects, myocardial activity was reduced in proportion to
defect size. In a previous study we showed that these activities
result in a myocardial-to-background ratio of 1.86 for a normal

myocardium (3). When allowance is made for the presence of
cardiac disease, this ratio is comparable with the value of 1.64
found in clinical studies (3).

Laboratories were allowed to use their standard clinical proce
dure for "Tc sestamibi SPECT imaging of the heart, with the

following minimum requirements. Acquisitions were to be per
formed in a 64 X 64 matrix and were required to contain at least 30
views over 180Â°or 60 views over 360Â°if acquired in step-and-

shoot mode or twice that amount for continuous-mode acquisitions.

Body contouring or elliptic orbits were permitted, providing that
corrections for the noncircular nature of the orbit were applied to
the submitted data. Laboratories were permitted to use their
preferred collimator for "Tc sestamibi studies and were asked to

specify the type of collimator and its rated sensitivity. The use of
nonparallel hole collimatore was not permitted because of the
difficulty in accurately reconstructing such data.

All tomographic studies were reconstructed in an identical
manner. Filtered backprojection was applied using a Hann filter
with a cutoff at 0.7-Nyquist frequency. From the reconstructed
short-axis slices of the heart, 5 representative slices were selected

using predetermined rules (3) (apical, midventricular, and basal
slices and 2 intermediate slices midway: 1 midway between the
apex and midventricle and the other midway between the midven-

tricle and the base). Circumferential count profiles were generated
for each of the 5 slices by identifying the peak counts every 6Â°

around the left ventricle. The size of the perfusion defect was
quantitated from these 5 slices using a previously published and
well-validated technique (3,7). Briefly, defect size was determined

from the fraction of radians (60 per count profile) that fell below a
threshold of 60% of peak counts in each slice. From the above
analysis, measured defect size was correlated with true defect size
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by linear regression analysis. The slope and intercept of the
regression line were determined. The absolute error between the
true and measured defect size was determined for each of the 9
studies, and the average value of this error (average absolute error)
was determined for each system.

The severity of the defects (i.e., defect contrast) was calculated
from the ratio of the minimum to maximum counts in each of the 5
slices, with the lowest value (nadir) being recorded (//). In theory,
the nadir should have a value of 1 for a normal myocardial study
and a value of 0 for studies with defects present. From the normal
myocardial study, the mean value of the circumferential count
profile for each of the 5 slices was obtained and normalized to the
mean value of the apical slice.

All the above results were categorized as a function of several
variables. These variables included the manufacturer, the number
of detector heads, the type of acquisition orbit (180Â°versus 360Â°),

the type of collimator, and the pixel size.

In-House Cardiac Phantom Studies

Although data from a large number of systems were collected as
part of this study, variability in how studies were performed and the
limited amount of data acquired under certain conditions made it
difficult to ascertain the influence of some acquisition parameters.
Hence, to confirm some findings from the multicenter data we
performed a series of cardiac phantom studies on a dual-head

(opposing detectors) Helix system (Elscint Ltd., Haifa, Israel). The
methodology for the cardiac phantom studies was identical to that
described above with the following modifications. Each defect was
imaged twice, once positioned in the inferior wall and once
positioned in the anterior wall. All studies were performed using a
360Â°orbit, and both 360Â°and 180Â°reconstructions were per

formed. Replicate studies were performed using low-energy,
general-purpose (LEGP) and low-energy, high-resolution (LEHR)

collimatore. Sensitivity was measured at 6.76 counts/min/kBq (250
counts/min/uCi) and 4.05 counts/min/kBq (150 counts/min/uCi)
for the LEGP and LEHR collimatore, respectively. Collimator
resolution was measured at 7.8 and 6.9 mm at 10 cm in air for the
LEGP and LEHR collimatore, respectively. All data reconstruction
and analysis were performed as described.

Statistical Analysis
The significance of differences in values of the slope of the

regression line relating true versus measured defect size and

average absolute error in estimating defect size for single-, dual-,
and triple-head gamma camera systems were determined by 1-way
ANOVA. One-way ANOVA was also used to determine the

significance of acquisition orbit and collimation on the average
counts in each of the 5 short-axis slices from apex to base of the

heart. For the multicenter data, comparisons of the effects of pixel
size and collimator resolution on defect severity were performed
using a paired t test. A paired r test analysis was also used for
comparison of the effect of acquisition orbit; however, the analysis
was limited to small defect sizes (5%-30%). No statistical analysis
was performed on the in-house studies because these data con

tained only a single measurement at each defect size.

RESULTS

Approximately 75% (148 systems) of systems in this
study were single-head systems. This percentage includes
opposing dual-head systems in which the second detector
was not used. There were 31 90Â°dual-head systems and 19

triple-head systems.

The slope of the regression line relating true versus
measured defect size (Fig. 1A) and the absolute error in
estimating infarcÃ¬size (Fig. IB) are plotted as a function of
the number of detector heads. Using 1-way ANOVA, the
mean value of the slope was found to be similar for single-
and dual-head systems (1.03 Â±0.03) but was significantly
different (P = 0.001) for triple-head systems (1.00 Â±0.02).

The average absolute error in estimating defect size was
1.69% Â±0.52% for single-head systems, 1.58% Â±0.52%
for dual-head systems, and 1.47% Â±0.53% for triple-head

systems. These differences were not significant. The most
notable difference in how data were acquired between the
triple-head systems and the single- or dual-head systems was

the type of acquisition orbit. All studies were acquired with a
360Â°orbit on triple-head systems and a 180Â°orbit on single-

or dual-head systems.

To determine the effects of collimator resolution on the
quality of the cardiac phantom studies, we used collimator
sensitivity as an indicator of resolution. Because of the
variety and vintage of systems studied, there was consider-
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FIGURE 1. Scattergram showing values
for slope of regression line (correlating true
vs. measured defect size) (A) and average
absolute error in estimating defect size (B)
for 198 systems. Results are plotted for
single-head, dual-head (90Â°),and triple-

head systems. Values of average absolute
error were not significantly different be
tween systems; however, values of slope of
triple-head systems were significantly differ
ent from those of single- or dual-head sys
tems (P= 0.001).
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able variation in how collimators were classified. In addi
tion, the measured sensitivity of a collimator often varied
substantially for a given rated sensitivity (Fig. 2). For the
purposes of this study, we arbitrarily classified collimators
with a rated sensitivity of >8.11 counts/min/kBq (300
counts/min/uCi) as low resolution (LEGP) and those with a
rated sensitivity of <5.41 counts/min/kBq (200 counts/min/
uCi) as high resolution (LEHR). Systems with an intermedi
ate collimator sensitivity (>5.41 but <8.11 counts/min/kBq
[>200 but <300 counts/min/uCi]) were excluded from this
analysis. This resulted in the elimination of 66 systems from
the analysis.

An additional parameter that was considered in compar
ing systems was pixel size. A very large pixel size would be
expected to reduce the accuracy of any measurement of
defect size or severity. Figure 3 plots the range of pixel sizes
observed in all systems as a function of the number of
detector heads. An arbitrary cutoff of 0.7 cm/pixel was
chosen to classify studies as having been acquired with a
small or large pixel size.

Figure 4A plots the effect of pixel size on the value of the
nadir for the normal myocardium and the 8 studies contain
ing defects. Results have been limited to the 75 systems
performing a 180Â°acquisition orbit (single- or dual-head

systems) and equipped with a high-resolution collimator as

defined. Seven of these systems had a pixel size of ^7 mm.
Paired t test analysis showed a small but significant loss in
image contrast with the larger pixel size (P = 0.002) for all 8
defects. For systems performing a 360Â°orbit, no effect of

pixel size could be shown, possibly because of the limited
number of systems available for comparison and the absence

â€” 15
m

= 13

S 11

9

7

5

Sce
0)tn-a
m
3
Â«
(0
0

Ã•'â€¢
Sensitivity

>8.11 =LEGP
< 5.41 = LEHR

3 5 7 9 11 13 15
Rated Sensitivity (cts/min/kBq)

8Xjo.EE,<j>NCO"55Xo.1098gV5r>8

o88""l

im
Og
O1

81

2lumber
of Detector8Â§8o3Heads

FIGURE 2. Relationshipbetween rated (by manufacturer)and
measured collimator sensitivity for 198 systems. Collimators with
rated sensitivities of >8.11 counts/min/kBq (300 counts/min/
uCi) were classified as all purpose (LEGP) and <5.41 counts/min/
kBq (200 counts/min/uCi) as high resolution (LEHR).

FIGURE 3. Scattergramshowingmeasured pixelsizes for 198
systems. Large pixel size was arbitrarily defined as >7 mm/pixel.
Results are plotted for single-head, dual-head (90Â°),and triple-

head systems.

of any systems with a pixel size substantially greater than 7
mm (Fig. 3). Figure 4B plots the effect of collimator
resolution on the value of the nadir. The mean sensitivities
for collimators defined as LEHR and LEGP were 4.54 Â±
0.49 counts/min/kBq (168 Â±18 counts/min/uCi) and 9.30 Â±
0.70 counts/min/kBq (344 Â±26 counts/min/uCi), respec
tively. Results have been limited to the 111 systems perform
ing a 180Â°acquisition orbit (single- or dual-head systems)

and having a pixel size of <7 mm/pixel. As with pixel size,
paired ? test analysis showed that improved resolution leads
to a small but significant improvement in image contrast
(P < 0.001) for the 8 defects. Figure 4C plots the effect of
the type of acquisition orbit ( 180Â°versus 360Â°)on the value

of the nadir for the normal myocardium and the 8 studies
containing defects. Results have been limited to the 81
systems equipped with a LEHR collimator and a pixel size
of <7 mm/pixel. Paired / test analysis showed that data
acquired with a 360Â°orbit resulted in significant gains in

image contrast for defects located in the inferobasal wall of
the heart (P < 0.0001 for 5%-30% defects). No significant

difference in image contrast was seen for the larger defects
(40%-70% defects) located in the anterior wall of the heart
(P = not significant). No meaningful comparison was

possible between the LEHR and LEGP collimators on
systems performing a 360Â°orbit because only 1 of the

triple-head systems evaluated in this study used LEGP

collimators.
Figure 5 plots the mean counts from apex to base in the 5

short-axis slices from the normal myocardial study. Results

are shown as a function of type of orbit and collimator
resolution and are normalized to the average counts in the
apical slices. Using 1-way ANO VA for each short-axis slice,
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FIGURE 4. (A) Relationshipbetween defect nadir and defect
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size as function of type of collimator. Results are limited to systems
with pixel size <7 mm and performing 180Â°acquisitionorbit (n = 111).

(C) Relationship between defect nadir and defect size as function
of type of acquisition orbit. Results are limited to systems with pixel
size <7 mm and equipped with high-resolutioncollimator (n = 81).
"Paired t test gave significant P only for defect sizes 5%-30%.
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FIGURE 5. Mean counts in circumferentialcount profile for 5
selected short-axis slices from normal myocardium. Results are
shown as function of acquisition orbit and collimator type and are
normalized to average counts in apical slice. P was significant
only for orbit (180Â°vs. 360Â°).N.S. = not significant.

no significant effect of collimator resolution was found;
however, data acquired with a 360Â°orbit showed better

uniformity of counts from apex to base, which was signifi
cant (P s 0.004) for results from the midventricle to base.

Results from all systems were also evaluated as a function
of the vendor. No significant difference was found in image
contrast as a function of the system vendor, even after
allowing for differences in collimator sensitivity, pixel size,
and acquisition arc. This may be associated with the large
variety of systems of different vintages within a given
manufacturer. One noticeable exception to the above was the
difference in image quality between data acquired on Picker
triple-head systems (Picker International, Inc., Cleveland
Heights, OH) and other vendors' systems. This difference

was thought to be associated with the acquisition orbit rather
than with the vendor. In-house studies were performed to

confirm this fact.
The results of in-house cardiac phantom studies concur

with those from the multicenter data. Figure 6A compares
the effect of acquisition orbit and defect location on image
contrast. The results agree with those shown in Figure 4C for
defects placed in the inferior or inferobasal wall. When
defects were placed in the anterior wall, there was no
significant difference in image contrast as a function of orbit
except for the smallest defect, where even in the anterior
position the 360Â°orbit appears to offer slightly improved
contrast over a 180Â°orbit. Figure 6B examines the effect of

collimator resolution and type of orbit. The results confirm
the findings shown in Figure 4B and indicate an improve
ment in image contrast with a LEHR collimator versus a
LEGP collimator irrespective of the type of acquisition orbit.

DISCUSSION

Large-scale multicenter studies incorporating the use of

SPECT, as described in this article, have not been performed
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FIGURE 6. (A) Results from in-house study showing relation
ship between defect nadir and defect size as function of acquisi
tion orbit and defect location in myocardium. System was
equipped with high-resolution collimatore and had pixel size of
5.9 mm/pixel. Inf. = inferior; Ant. = anterior. (B) Results from
in-house study showing relationship between defect nadir and
defect size as function of acquisition orbit and type of collimator.
Defects were located in inferior or inferoseptal walls of heart.
Pixel size was 5.9 mm/pixel.

previously because of the high cost and logistical difficulties
involved. Our results represent the cumulative data of 8
large multicenter trials. They provide a unique opportunity
to evaluate many of the technical aspects of myocardial
perfusion imaging independently of the specific perfor
mance characteristics of a given manufacturer's gamma

camera system.
Our previous pilot study of 22 systems showed the

feasibility of SPECT myocardial perfusion imaging in a
multicenter trial setting (7). The purpose of this study was to
clarify the effects of many system-dependent acquisition

parameters on the measurement of defect size and severity.
The purpose of the in-house studies was 2-fold. First, it

allowed us to confirm the findings of our multicenter data
and confirmed that the results shown in Figures 4B and C
were related to type of collimator and acquisition orbit and
were not the result of some unique feature on a specific

vendor's gamma camera. This was particularly important in
the issue of 180Â° versus 360Â° because most systems
performing 360Â°orbits were manufactured by 1 vendor.

Second, the in-house studies allowed us to examine the

influence of defect location on defect contrast. This was not
practical in the multicenter studies because of the time-

consuming nature of the validation process.
This study confirms the findings of our previous pilot

study and indicates that the results obtained from measure
ment of infarcÃ¬size are relatively uniform and consistent
across many different tomographic systems. Although we
have used our own technique for measurement of infarcÃ¬
size, an independent study (6) has shown that equivalent
results can be obtained with the techniques of Verani et al.
(7) and Tamaki et al. (2). This confirmation indicates that
quantitative estimation of infarcÃ¬size is possible and rela
tively invariant between many different types of imaging
systems and analytic techniques. For the particular phantom
model used in this study, the accuracy with which a
particular system can measure infarcÃ¬size appears to be
better for systems performing a 360Â° orbit than those
performing a 180Â°orbil. This issue is discussed in more

delail below.
During myocardial infarction, the residual aclivily in Ihe

infarcÃ¬region as measured by Ihe nadir has been shown to
correlate with collateral blood flow to thai region (//).
Figures 4-6 show thai measuremenl of Ihe nadir is influ

enced by a large number of variables: pixel size, collimalor
resolution, type of orbit, and defect size and location within
the heart. These variables are in addition to reconstruction
software and filtration, which were controlled in this study.
Our previous pilot study showed thai these 2 reconstruction
variables influenced measurement of infarcÃ¬size (7). We
believe thai they also influence image conlrasl (7). There
fore, in a multicenter study attempting to use image centrasi
as an endpoinl, lighl control over all aspects of image
acquisition and analysis is required for meaningful compari
son of dala.

Al presenl, mosl (69%) laboratories in Ihe United Slates
perform WmTc myocardial perfusion sludies using high-

resolution or ullra-high-resolulion collimatore (72). Whereas

a higher resolution collimalor will undoubtedly yield a
higher resolution image, il is noi certain lhat this gain
translates into an improvement in sensitivity for the detec
tion of disease. Figures 4B and 6A indicate only a small
improvemenl in image conlrasl wilh a high-resolution

collimalor. This small gain needs lo be balanced againsl Ihe
loss in sensitivity (a factor of 2) wilh a high-resolution

collimalor. Any increase in patient motion lhal resulls from
Ihe longer acquisition is likely to offsel Ihe gains in image
conlrasl. This sludy did not include any gated SPECT
studies. By eliminating the blurring effects of wall motion, it
is possible lhal gating may enhance Ihe differences in
collimalor resolution.

Allhough the benefils of high-resolution versus all-

purpose collimalion can be debated, Ihe adverse effecls of a
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large pixel size are unequivocal. Figure 4A shows that the
minor benefit in image contrast achieved with a high-

resolution collimator (Fig. 4B) is essentially eliminated if
the pixel size is too large. In this study, approximately 10%
of laboratories used a pixel size >7 mm. In all cases, this
occurred on large field-of-view systems (>50 cm) with no

zoom. This may reflect a failure to account for the increased
pixel size that occurs when an old standard 40-cm field-of-
view system is replaced by a modern 50- to 55-cm field-of-

view system. The effect of pixel size may have been further
exacerbated by the use of a standard cutoff frequency (0.7
Nyquist) in the image reconstruction that will result in
greater smoothing of images acquired with a larger pixel
size.

Surprisingly, the parameter that appears to have the
greatest impact on image contrast is the type of orbit. The
issue of 180Â°versus 360Â°has been discussed in the literature
since the early 1980s (13-15). Whereas a 180Â°acquisition

orbit provides superior image contrast for anterior and
anterolateral wall defects in perfusion studies with 201T1,

several studies have shown that this improved contrast
comes at the expense of significant image distortion (76,77).
Although a 1982 editorial suggested that "the probable

introduction of new myocardial imaging agents using
99mTc.. .will (eventually) outweigh the advantages of the
180Â°sweep" (18), few studies have critically examined the

significance of the type of orbit on the detection of perfusion
defects in different parts of the heart using "mTc perfusion

agents. Limited patient and phantom studies by Maublant et
al. (79) and Folks et al. (20) concluded that there did not
appear to be any advantage of a 360Â°orbit over a 180Â°orbit.

In the absence of a compelling reason to alter clinical
practice, a 180Â°acquisition orbit has remained the standard
for cardiac SPECT imaging with "mTc.

The data from this multicenter study suggest that for
certain types of defectsâ€”in particular, small defects in the
inferior wallâ€”a 360Â°orbit may yield significantly better
contrast than a 180Â°orbit. The in-house studies confirm this
and also show some advantage of the 360Â°orbit for the small

(5%) anterobasal wall defect (Fig. 6A). For quantitative
analysis of defect severity, the type of orbit may play a more
critical role than other parameters such as collimation,
particularly for small defects located near the base of the
heart. Although the cardiac phantom used in this study is
representative of a normal human chest, it is unlikely to
adequately reflect results that may be obtained in the large or
obese patient. Such patients represent a significant percent
age of the patient population seen in nuclear cardiology
laboratories in the United States (27). Clarification of the
180Â°versus 360Â°issue for cardiac imaging will require a

study that evaluates image contrast in different regions of the
heart in a representative spectrum of patients. Despite the
widespread clinical use of 99mTc-based myocardial imaging

agents for more than 5 y, such a study has not yet been
performed. This issue will become more important as efforts
proceed to reduce artifacts caused by soft-tissue attenuation,

the presence of adjacent hot liver or bowel activity, and
patient motion. With filtered backprojection, such artifacts
are far more severe with a 180Â°acquisition compared with a
360Â°acquisition (22). Recent work with maximum likeli

hood algorithms suggests that the use of these algorithms
together with attenuation correction may minimize the effect
of the acquisition orbit on image quality (22,23).

The primary limitations of this study center on the
dimensions of the cardiac phantom. With an outside circum
ference of 85 cm, the cardiac phantom is similar to that of a
small adult and is not representative of the population seen
in our laboratory, where average chest circumference is
approximately 110 cm (24). It is possible that with increas
ing chest circumference, the advantages or disadvantages of
specific acquisition orbits and the effects of collimator
resolution may be altered substantially.

CONCLUSION

In this large multicenter study we found that measurement
of defect size was essentially independent of the type of
gamma camera, acquisition orbit, and collimator. However,
contrast in the defect region was strongly influenced by the
acquisition orbit and to a lesser degree by the type of
collimator and pixel size. These results suggest that the issue
of the optimal acquisition orbit for cardiac SPECT imaging
should be reassessed.
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