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Despite advancementsin technologies, non-uniform soft tissue
attenuation till affects the diagnostic accuracy of single pho-
ton emission computed tomography (SPECT) myocardia per-
fusion imaging. A variety of indirect measures have been used
to reduce the impact of attenuation, most notably electrocar-
diography-gated SPECT imaging. However, al available tech-
niques have limitations, making interpretation in the presence
of attenuation difficult. The ultimate solution, Smilar to
positron emission tomography imaging, is to use hardware/
software algorithms to eliminate attenuation and provide im-
ages that are more uniform and easier to interpret. Severa
attenuation correction solutions are currently available and
more will be available soon. The value of these solutions has
been varied, particularly with clinical applications. Guidelines
and standards clearly are necessary.

In recognition of the importance of this issue, the American
Society of Nuclear Cardiology and the Society of Nuclear
Medicine convened a joint task force to develop a position
statement on attenuation correction. It is being published con-
currently in the Journal of Nuclear Cardiology and The Jour-
nal of Nuclear Medicine, afirst for these societies.

The purpose of this postion statement is to darify the role of
attenuation correction in SPECT procedures, to provide guiddines
for its clinical use, and to provide a basis for the evaluation of
published validation. It is hoped that this position statement
will provide an important and useful road map to the wide-
spread adoption of attenuation correction into clinical practice.
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PREAMBLE

The diagnostic accuracy of single photon emission com-
puted tomography (SPECT) myocardia perfusion imaging
is profoundly influenced by the presence of tissue attenua-
tion. Although interpretative education, experience, and the
application of gated SPECT imaging have had a favorable
impact on the clinical value of radionuclide perfusion im-
aging, the nuclear cardiology community has long-awaited
correction techniques for photon attenuation. The purposes
of this statement are to review the recent developments in
the field of attenuation correction, to define its clinical
utility, and to delineate contemporary recommendations re-
garding attenuation correction techniques.

BACKGROUND

Soft tissue attenuation, Compton scatter, and depth-de-
pendent reduction of spatial resolution degrade myocardial
perfusion SPECT image quality, thereby decreasing test
sensitivity in the detection of coronary artery disease. In
addition, localized soft tissue attenuation by the breasts,
lateral chest wall, abdomen, and left hemidiaphragm may
create artifacts that mimic true perfusion abnormalities and
thereby decrease test specificity.

Conventional SPECT imaging has used a variety of tech-
niques to minimize the impact of attenuation, including
breast binding, prone imaging, and electrocardiography-
gated SPECT imaging. However, each technique is an in-
direct solution and possesses specific limitations. For exam-
ple, normal regional wall motion on a gated SPECT study
after stress is not helpful in distinguishing artifact from
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ischemia in the presence of a reversible perfusion defect.
Therefore gated SPECT and other methods fail to provide a
universal solution for attenuation artifacts.

The diagnostic accuracy of conventional SPECT is also
compromised by artifacts associated with localized subdia-
phragmatic tracer concentration in the abdomina viscera,
including the liver, stomach, and bowel. Such viscera ac-
tivity that approximates the heart may scatter into the adja-
cent left ventricular walls, resulting in artifactually in-
creased associated count densities. Alternatively, intense
visceral tracer concentration may result in a ramp filter
(negative lobe) artifact, which results in decreased count
densities adjacent to “hot” objects.

TECHNIQUES

Severa types of systems with transmission hardware
modifications and external sources have emerged for clini-
cal implementation. They predominantly use gadolinium
153 (100 keV) as the external source but may use cobalt 57
(122 keV), barium 133 (360 keV), americium 241 (60 keV),
and technetium 99m (140 keV). The main configurations
(Figure 1) are (1) fixed line source with convergent colli-
mation on atriple-detector system, (2) scanning line sources
with paralel-hole collimation on dua 90° systems, (3) the
multiple line source array approach with parallel-hole col-
limation on 90° dual-detector systems, (4) scanning point
sources on dual- and triple-detector systems, and (5) rotat-
ing x-ray tube—based technology on dual-detector systems.
Each system has unique attributes and limitations. The fixed
line source with convergent geometry provides highly effi-
cient transmission image acquisition that allows the use of
comparatively low source strength. The limited field of

FIGURE 1. Commercial configurations for SPECT-based
transmission imaging for cardiac attenuation-corrected myocar-
dial perfusion imaging: fan-beam (A), off-axis (B), scanning line
source (C), and source array (D).
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view of convergent collimation can cause regions of the
body to be outside of the field of view for some projection
images, leading to truncation artifacts that may limit the
accuracy of attenuation correction, unless highly sophisti-
cated iterative reconstruction algorithms are used to mini-
mize these effects.

The most widely implemented configuration for commer-
cial transmission acquisition is the scanning line source
geometry on 90° dual-detector SPECT systems. This ap-
proach has collimated line sources that scan mechanically
across the field of view at each angle and project onto the
opposing detector, where an electronic window moves op-
posite the source to accept transmission photons. These
systems have a maximum field of view, thereby minimizing
the likelihood of patient truncation. The electronic window
provides maximal separation of the emission and transmis-
sion images. Scanning hardware requires careful monitoring
because some systems are prone to mechanical instability.

The multiple line source array approach uses groups of
collimated line sources mounted on the gantry opposite the
detectors for transmission image acquisition. This method
provides highly efficient measurement geometry without the
need for additional mechanical motion. The photon flux
from the collimated source arrays spans the field of view of
each opposing detector. The continuous incidence of the
transmission source photons over the fields of view for both
detectors with this geometry can cause significant crosstalk
from downscatter with thallium 201 imaging requiring in-
terleaved or sequential emission-transmission imaging.

A system that uses a conventional x-ray tube and detector
mounted on a large-field-of-view SPECT gantry has re-
cently been introduced. The photon flux is very high with
this approach, yielding high-quality attenuation maps. This
system was devel oped largely for anatomic registration with
emission images for oncology studies but should have ap-
plication in attenuation correction of cardiac images. A
system that uses scanning point sources of Ba-133 (360
keV) has recently become available. The point sources are
collimated, but the holes of the detectors are not aligned
with the focal point of each source. The high-energy emis-
sions from these sources penetrate the low-energy collima-
tors septa, forming the transmission projections from
which the attenuation map is reconstructed.

CLINICAL TRIALS

Severd clinical trials have now been presented in the liter-
ature (Table 1). One of the most encouraging methods was
used by Ficaro and colleagues, who reported the results of
attenuation correction in phantoms and patient cohorts using a
3-detector system equipped with 2 parallel-hole collimators for
collection of emission data and a third detector with a fan-beam
collimator to acquire the transmission data from an Am-241
line source. They demonstrated significant improvement in
diagnostic accuracy in 60 patients with Tc-99m sestamibi
SPECT imaging, with a marked improvement in specificity
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TABLE 1
Diagnostic Value of Attenuation Correction Systems

Sensitivity (%)

Specificity (%) Normalcy (%)

Author System n NC AC NC AC NC AC
Ficaro U Mich 119 78 84 48 82 88 98
Hendel ADAC 200 76 78 44 50 86 96
Links* SMV 112 84 88 69 92 69 92
Gerson** Picker 113 85 90 NA NA 72 70
Gallowitsch Elscint 49 89 94 69 84 NA NA
Lenzo** Siemens 171 93 93 84 88 78 85
Composite 764 81 85 64 81 80 89

NC = Non-attenuation-corrected SPECT; AC = attenuation-corrected SPECT; NA = not available.

*Includes motion correction and depth-dependent blur correction.
**Includes scatter correction.

(from 48% to 82%). Similarly, in a group of 59 patients with
alow likelihood of coronary artery disease, an increase in the
normalcy rate from 88% to 98% was demonstrated. Although
the increase in test sengitivity was not dtatigtically significant,
there were gignificant increases in sendgitivity for individual
vesselsoveral (63% vs. 78%) and in 2 of 3 vascular territories.

The method used in the above trial was subsequently
compared in 171 patients with the commercially available
technique that uses the multiple line source array method for
acquiring the transmission maps (Profile, Siemens). Profile
attenuation correction demonstrated improved diagnostic
specificity by patient, as well as sensitivity and accuracy for
individual coronary arteries. Attenuation correction also
demonstrated statistically significant increases in normalcy
rates. The overall sensitivity by patient was similar with
both the corrected and uncorrected images.

The first prospective multicenter trial was performed by
Hendel et a. using a commercialy available 90° dual-
detector system with a scanning Gd-153 line source (Van-
tage, ADAC Laboratories). The diagnostic sensitivity (n =
96) for the detection of 50% or greater stenoses was similar
with the use of uncorrected perfusion data or attenuation-
and scatter-corrected data. The normalcy rate (n = 88),
however, was significantly improved (86% vs. 96%, respec-
tively), and fal se-positive perfusion images were reduced by
more than 4-fold (from 14% to 4%). Furthermore, observer
confidence for the presence or absence of image normalcy
was increased, as reflected in the visual diagnostic scores.
Regional differences were noted with reduced sensitivity
but improved specificity for right coronary lesions through
use of attenuation-scatter correction methods. However, the
ability to detect multivessel disease was reduced with atten-
uation-scatter correction, which may have important prog-
nostic implications.

Gallowitsch et a. studied 107 patients with known or
suspected coronary artery disease with T1-201 imaging us-
ing another dual-detector system equipped with a scanning
Gd-153 line source and an iterative Chang reconstruction
algorithm (Transact, Elscint). There were no significant
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improvements in diagnostic accuracy noted in this trial,
although specificity was somewhat improved with attenua-
tion correction, from 69% for non—attenuation-corrected
SPECT to 84% for attenuation-corrected SPECT (P = not
significant).

Another multicenter trial was recently completed by
Links et a. using asimilar system (TAC/Restore, SMV), in
which the transmission data were acquired with a scanning
Gd-153 source for Tc-99m emissions and a Tc-99m trans-
mission source for TI-201 emission imaging. The imaging
algorithm incorporated a motion correction agorithm along
with attenuation correction and depth-dependent resolution
compensation. These investigators demonstrated significant
gains in overal specificity (from 69% to 92%; P = .002)
and in al 3 coronary territories. In addition, normalcy
increased from 74% to 91% (P = .04) with combined
attenuation, motion, and blur correction, and test sensitivity
demonstrated a slight but insignificant increase from 84% to
88% (P = not significant).

Additional clinical trials are under way that are using
second-generation systems (Vantage Pro, ADAC Laborato-
ries), as well as new approaches for transmission map
generation including the translucent collimator with high-
energy photons (Ba-133) (Beacon, Marconi) described ear-
lier. Hybrid systems, such as those that use x-ray computed
tomography—generated transmission maps, may provide
high-quality transmission maps as a result of the high count
density and spatia resolution that these systems provide
(Hawkeye, GE Medical Systems).

The impact of attenuation correction on the detection of
coronary artery disease within a specific vascular territory is
variable (Figures 2 and 3). Several studies have shown a
substantial improvement in specificity for right coronary
artery disease, but occasionally with aloss of sensitivity in
either right coronary artery or left anterior descending cor-
onary artery distribution. The promise of enhanced sensi-
tivity is yet to be realized clinically, athough a recent
phantom study demonstrated that defect detection is im-
proved with attenuation correction. In addition, some trials
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FIGURE 2. (A) Exercise-rest Tc-99m
sestamibi SPECT study, suggestive of
ischemia in the inferior, inferolateral, and
inferoseptal regions but confounded by
the presence of possible subdiaphrag-
matic attenuation. (B) After attenuation
correction, the SPECT study demonstrates
definite ischemia in the distribution of the
right coronary artery. Attenuation map
samples and daily reference scans are
shown for quality control.

STRESS

have demonstrated that attenuation correction enables im-
proved recognition of multivessel and left main disease.
Complete and accurate correction for attenuation and scatter
would be a major step toward the long-held promise of
absolute perfusion quantification and the enhanced diagnos-
tic accuracy it would afford, especially in the setting of
“balanced” 3-vessel disease.
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Quantitative analysis programs specific for each camera
system and radiopharmaceutical are limited but are under
active development. It is anticipated that quantitative refer-
ence (normal) databases will be available for each manu-
facturer's system. Ideally, these databases obtained from
healthy subjects should be gender-independent, assuming
total correction for attenuation.
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Attenuation correction may have substantial value for
specific applications beyond the detection of coronary artery
disease (Table 2). Preliminary datareveal superior diagnos-
tic performance in the triage of emergency department
patients with chest pain. Attenuation-corrected SPECT im-
ages have demonstrated the ability to better detect areas of
viable myocardium, correlate better with positron emission

inf to ant
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FIGURE 3. (A) Exercise-rest Tc-99m ses-
tamibi SPECT study in a large man depict-
ing a persistent reduction of activity in the
inferior and inferolateral regions of the left
ventricle, suggestive of a prior infarction.
(B) Attenuation-corrected images reveal
normal perfusion in all regions. Attenuation
map samples and daily reference scans
are shown for quality control.

tomography imaging, and provide improved prediction of
functional recovery after revascularization. Attenuation cor-
rection also possesses the potential to further improve the
prognostic value of myocardial perfusion imaging, as pa
tients with soft tissue attenuation artifacts may be more
accurately categorized as being at low risk for cardiac
events. The use of attenuation and scatter correction tech-
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TABLE 2
Clinical Value of Attenuation Correction

Confirmed Potential

Improved artifact recognition
Higher specificity

Increased sensitivity

Improved recognition of MVD
and LM

Enhanced prognostic value

Stress-only imaging

Absolute flow quantitation

Higher normalcy rates
Increased reader confidence
Acute-use applications

MVD = multivessel coronary disease; LM = left main coronary
disease.

niques may be especially valuable for less-experienced in-
terpreters of myocardial perfusion studies, with improve-
ments in both sensitivity and overall diagnostic accuracy
demonstrated in some studies for this group of interpreters.

QUALITY CONTROL

Experience with SPECT myocardial perfusion data pro-
cessed with filtered backprojection has led to widespread
appreciation of the importance of quality control measures.
Attenuation correction introduces a number of additional
quality issues that, if not addressed systematically and sat-
isfactorily, will translate into suboptimal and in some cases
clinically misleading image data (Table 3). Over the past
severa years, it has become increasingly apparent that ac-
curate attenuation correction is dependent upon high-quality
transmission images, and to ensure accuracy, appropriate
quality control measures have been developed. In particular,
count densities must be sufficient to overcome the intrinsic
inconsistencies of scans with poor signal-to-noise ratios.
Other important quality control issues related to the creation
of transmission maps include body truncation, patient mo-
tion, scaling of attenuation coefficients to the correct tissue
densities, accurate registration of attenuation maps and
emission data, and gating artifacts unique to attenuation
correction processing, especially with scanning transmis-
sion source systems. Objective measurements of these tech-
nical factors are crucial to the accuracy of attenuation cor-
rection. Automated quality control procedures should be
provided by each vendor and routinely used.

Correct windowing of relevant photopeaks for attenua-
tion-corrected SPECT imaging is also essential. Besides the
energy window of the main emission photon, additional
windows are required for transmission data and for scatter
and crosstalk measurements; scatter and crosstalk between
transmission and emission photopeaks significantly degrade
the quality of the attenuation map.

Reference transmission scans should be performed daily
to ensure optimal equipment performance and should in-
clude quantitative analysis. In addition, each manufacturer
should provide automatic safeguards to ensure that the
transmission and emission data are reconstructed properly.
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Finally, education of technologists, physicists, and inter-
preting physicians is an essential component of the quality
assurance process.

Therefore quality control should include each of the
following for the performance of attenuation correction:
criteria for uniformity, variability, and temporal drift of the
reference transmission scan; consistency of hardware per-
formance; pre-scanning methods to ensure sufficient trans-
mission scan counts; and algorithms that assist the operator
and interpreting physician in assessing the sufficiency of the
data. Although these tools are essential to al commercial
methods of attenuation correction, implementation of many
of the aforementioned quality control techniques has not
been incorporated in the current releases of al available
attenuation correction protocols. Furthermore, quality con-
trol of transmission data and attenuation-corrected recon-
structed images should be performed for each patient.

SCATTER CORRECTION AND DEPTH-DEPENDENT
RESOLUTION

Attenuation-corrected images, athough usually of higher
diagnostic quality than uncorrected images, need to be cor-
rected for scattered photons coming from activity in struc-
tures near the heart, such as the liver and intestines. These
scatter photons may result in regional overcorrection fol-
lowing attenuation correction techniques. The planar trans-
mission images also must be corrected for scatter into the
energy window of the transmission source because failure to
perform scatter correction may result in undercorrection for
attenuation.

Simultaneous emission-transmission acquisition methods
must address crosstalk from downscattering of photons
from the emission or transmission photopeaks (whichever is
higher). Crosstalk minimization is accomplished through
the geometric design of the transmission sources and detec-
tors and consideration of the position of the patient and
possible scattering angles. Software methods applied after
image acquisition may be used to correct for crosstalk with
data collected in additional energy windows. In order to
perform attenuation, scatter, and crosstalk correction, 3 or 4
independent energy windows for data must be collected:
one window for the emission information (perfusion pho-
topeak energy); a second window for transmission data
(photopeak of transmission source); a third window for
scatter, positioned between the other windows; and in some
systems, a fourth window, slightly above the emission win-

TABLE 3
Quality Control Methods for Attenuation Correction

Ensure adequate count density
Recognition of truncation
Appropriate gating

Correct photopeak windowing
Recognition of patient motion
Transmission scan uniformity
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dow, used in conjunction with the third window to estimate
scatter.

In addition to correcting for attenuation, some methods
correct for photopeak scatter and the variable distance-
dependent spatial resolution from the collimator. These are
primarily software implementations that use additional
“scatter” information acquired simultaneously with the
emission data, models of the distance-dependent collimator
effects, and knowledge of the orbital position of the detec-
tors. Scatter compensation may be performed by mapping
photons back to their point of origin; although promoting
less noise propagation, this approach may require substan-
tial computation time.

Image degradation is related to increasing cross-sectional
area detected by each collimator hole with distance (depth)
from a radioactive source, thereby creating a loss of reso-
lution with increasing object distance away from the colli-
mator. The use of iterative correction algorithms may be
applied for Compton scatter, photon attenuation, and depth-
dependent resolution to achieve higher contrast between
perfusion defects and more uniformly distributed counts
within norma myocardium. One commonly employed
method for such compensation is the use of collimator- and
energy-dependent pre-processing filters.

CONCLUSION

Attenuation correction SPECT techniques represent asig-
nificant advance in myocardial perfusion imaging and hold
great promise for improved assessment of cardiac patients.
Substantial technical advances have been made in the past
several years, including the recognition of the importance of
effective quality control and the continued development of
scatter correction and resolution compensation. Advanced
SPECT perfusion imaging systems, including features such
as attenuation correction, must undergo complete system
characterization, development of normal activity distribu-
tion profiles, and definition of differences among various
manufacturers’ solutions. Finally, quantitative analysis pro-
grams adapted for each camera system and radiopharma-
ceutical are limited but are under active development. Ide-
aly, reference databases from healthy subjects should be
gender-independent after total correction for attenuation.

Clinical validation has been performed for several but not
all commercialy available systems, athough “complete”
correction still does not occur in al patients. The true value
of these methods to improve diagnostic accuracy compared
with other techniques has yet to be fully defined. Attenua-
tion correction methods offer the potential for improved
diagnostic accuracy but require a modified approach to
image interpretation accounting for the effects of these
methods on the resultant images. Technologist and physi-
cian education in the details of these advanced imaging
techniques, along with effective quantitative tools and im-
proved processing agorithms, will continue to advance the
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value and acceptance of attenuation-corrected SPECT im-
aging.

RECOMMENDATIONS

On the basis of the available clinical evidence and the
rapid development of attenuation correction technology, it
is recommended that providers (institutions and practitio-
ners) consider the addition of hardware and software that
have undergone clinical validation and include appropriate
quality control tools to perform non-uniform attenuation
correction. Currently, it is suggested that both noncorrected
and corrected image sets be reviewed and integrated into the
fina report. However, as the reader gains the appropriate
experience and confidence in correction methodology, only
the corrected images may be necessary, as is the standard in
positron emission tomography. On the basis of current in-
formation and the rate of technology improvement, the
Society of Nuclear Medicine and the American Society of
Nuclear Cardiology believe that attenuation correction
should be regarded as a rapidly evolving standard for
SPECT myocardial perfusion imaging. Therefore it is our
recommendation that the adjunctive technique of attenua-
tion correction has become a method for which the weight
of evidence and opinion isin favor of its usefulness.
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APPENDIX

The Boards of Directors of the American Society of
Nuclear Cardiology and the Society of Nuclear Medicine
have reviewed and approved this position statement with the
belief that it provides balanced and objective information on
the value of attenuation correction for myocardial perfusion
SPECT imaging. However, to ensure that the most recent
information and diverse perspectives on attenuation correc-
tion were included in this statement, individuals with po-
tential conflicts of interest participated in the development
of this document. The following contributing authors have
provided declarations of potential conflicts of interest as
listed and have excluded themselves from the final position
statement review and approval process. Timothy M. Bate-
man, MD, stock ownership (Cardiovascular Consultants
Imaging Technologies, Inc) and research grants (ADAC
Laboratories, Inc, and Dupont Pharmaceuticals), and S.
James Cullom, PhD, and Ernest V. Garcia, PhD, royalties
from the sale of EXSPECT |1l software (ADAC Laboratories,
Inc).
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