
his interesting article by Lee et al.
(1) provides data to support what many
nuclear cardiology specialists have sus
pected for some time: that currently
implemented attenuation correction pro
vides little or no added value to either
interpretive confidence or diagnostic
accuracy. Furthermore, and perhaps a
point of skepticism for many, this par
ticular study also showed no benefits of
electrocardiographic gating. In an era
in which providers are searching for
simpler, faster, and less-expensive solu
tions, the results will be viewed by
some as a good reason to resist electro
cardiographic gating and attenuation
correction with their attendant costs
and complexities. Nevertheless, the in
exorable march of progress will con
tinue. Most SPECT myocardial perfu
sion studies are now acquired with
electrocardiographic gating. The Ameri
can Society of Nuclear Cardiology
(ASNC) has publisheda position paper
on its importance (2), and audience
response at major meetings continues
to indicate a strong desire for attenua
tion correction that works because, at
present, nonuniform attenuation is gen
erally perceived to be the most impor
tant contributor to SPECT inaccuracy.

Like other investigations of new
techniques, this study on the clinical
importance of attenuation correction,
undoubtedly motivated by enthusiasm
for a promising new technique, is of
limited value because it examines per
formance of an incomplete method. As
pointed out by the authors, our group,
and others, for attenuation correction to
perform optimally, correction for pho
topeak scatter and nonstationary resolu
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tion is also required (3â€”5).Inclusion of
these corrections promises to provide
additional diagnostic accuracy and
quantitation over attenuation correc
tion alone. Furthermore, for simulta
neous emissionâ€”transmission imaging,
compensation for 99mTc downscatter
into the â€˜53Gd-derivedattenuation map
is essential to avoid attenuation map
errors yet was not available for this

evaluation (6, 7). In this article and
others, attenuation correction is as
sessed clinically even before quality
control for transmission instrumenta
tion performance has been adequately
described. Lastly, objective normal file
quantitation, which embodies technical
aspects ofthe method and patient popu
lation characteristics, is not part of this
study. With respect to attenuation cor
rection, this article reflects results ob
mined when attenuation correction was
applied without the benefit of a stan
dardized environment.

By the time this article is read, much
progress will have been made toward
addressing these deficiencies. In fact,
the ability of early attenuation correc
tion to match the results of filtered
backprojection (FBP) is remarkable
when one compares the resources and
infrastructure that support a SPECT
study obtained with FBP reconstruc
tion. FBP SPECT benefits from instru
mentation quality-control programs that
are well defined by objective industry
standards (e.g., National Electrical
Manufacturers Association) and are em
bedded in the practice of nuclear cardi
ology. Consequently, clinicians and
technologists are empowered to make
rapid and effective decisions in re
sponse to technical or patient factors
with potential impact on interpretation.
Standardized testing protocols adopted
and incorporated into ASNC and Soci
ety of Nuclear Medicine guidelines are

based on the FBP method. Interpretive
confidence with FBP SPECT is further
bolstered by the exclusive use of this
algorithm in training programs, land
mark clinical publications, and quanti
tative tools that objectively describe
normal and abnormal patterns and as
sist in identifying artifacts. Read-with
the-experts and interpretive workshops
intrinsically use FBP SPECT images.
Attenuation correction, therefore, has a
formidable opponent, as positioned in
most clinical evaluations, whose
strength is based on years of experi
ence and well-developed adjunctive
methods. Comparing FBP SPECT and
new attenuation correction methods us
ing conventional measures of accuracy
is naturally biased toward FBP SPECT
and its interpretive preference. This
may help explain why early investiga
tions with attenuation correction per
formed in highly sophisticated labora
tories produced very favorable results
(8,9) but were not readily reproduced
in other clinical settings. However,
recent published results suggest that
the real world performance of attenua
tion correction is improving for a range
of manufacturers' systems and tech
niques (10-17).

Investigators who work closely with
attenuation correction have not ad
equately communicated to clinicians
that the quality of the transmission data
and resulting attenuation map can sig
nificanfly affect the quality of the study;
we believe that critical evaluation of
these data as part of the acquisition or
interpretive process is not performed at
most sites. Our own unpublished evalu
ation of studies acquired at prominent
sites with the system used in this
investigation showed significant defi
ciencies in data quality. Most common
of these were truncation of the transmis
sion projections (18); low counts in the
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transmission projections, producing un
acceptable bias and variance in the
attenuation map (19); and inconsistent
reference scan normalization that can
occur between the frames of an acquisi
tion and between studies. Our evalua
tion also showed that transmission im
ages acquired simultaneously with
electrocardiographic gating could have
streaking artifacts that can corrupt the
attenuation map in studies with signifi
cant beat rejection. These factors likely
played a part in the initial experience
and reporting of results with attenua
tion correction.

This experience points to the direc
tion for needed development. Impor
tant considerations are required at all
steps ofthe imaging protocol: preacqui
sition, postacquisition, and interprets
tion. As part of the daily quality
control protocol, performance of the
transmission scanning capabilities
should be evaluated along with conven
tional performance parameters. This
should include reference scan unifor
mity, tracking of line source strength,
and methods to ensure that sufficient
transmission count density is obtained
on a patient-specific basis. Tools that
assist in identifying and characterizing

potential sources of artifact could pro
vide important technical information to
assist in interpretation as well as feed
back for consistent quality improve
ment of scans. Working with the manu
facturer of the system used in this
study, we have developed tools that
perform a brief planar scan before the
study for estimation of scanning time
to ensure sufficient count density. On
the postacquisition side, algorithms
have been developed to interrogate the
data and assist in recognizing potential
technical problems that may affect study
quality (20). This information is now
incorporated into the interpretation pro
cess as adjunctive information. Tools
specific for the display and analysis of
attenuation correction data should also
be developed to minimize the bias in
comparison with conventional meth
ods. Artifacts sometimes occur in at
tenuation correction studies and are a
combination of algorithm characteris

tics, patient-related factors, hardware
performance, and interpretive experi
ence. These artifacts must be predict
able, and addressing quality control is
an important step toward this goal.

The incremental value of electrocar
diographic gating to improve diagnos
tic accuracy was also investigated in
this article. Improved diagnostic accu
racy that is mainly associated with an
increase in specificity has been re

ported (21). However, as the authors
point out, this increment is likely to be
dependent on the study population and
related to factors such as the preva
lence of diaphragm and breast attenua
tion, the severity and extent of coro
nary artery disease (CAD), prior history
of CAD, and prior infarction. This
study does not reveal the prevalence of
attenuation problems in the FBP im
ages, and the patients were not known
to have CAD (mean CAD likelihood,
60%). Furthermore, 38% of the pa
tients had multivessel CAD (a subset
not particularly challenging for FBP
SPECT),andanother43%wereconsid
ered normal. Only 13 patients had
single-vessel CAD, a subset more prob
lematic to experienced readers and in
which prior studies have shown subop
timal sensitivity and specificity. Electro
cardiographic gating is useful for
several reasons besides improving diag
nostic accuracy: measurement of left
ventricular ejection fraction (LVEF)
and volumes; determination of iran
sient regional wall motion abnormali
ties presumably associated with myo
cardial stunning; and, when performed
after stress and at rest, recognition that
a lower LVEF after stress than at rest in
conjunction with an extensive transient
wall motion abnormality likely identi
fies a higher risk patient.

In evaluating the clinical value of a
diagnostic test, recent attention has
changed from accuracy as a gold stan
dard (such as coronary angiography) to
impact on patient management. How
well does myocardial perfusion imag
ing perform today in the absence of
these newer adjuncts? In this group of
68 patients referred for possible CAD
and with a pretest likelihood averaging

60%, it could be argued that approxi
mately 62% (the 29 considered normal
and 13 with single-vessel CAD) were
referred inappropriately for cathetenza
tion. Extensive literature now indicates
the need for a gatekeeper to the catheter
ization laboratory. This study suggests
that SPECT without refinement does
not perform well in all clinical situa
tions and in all settings.

It is interesting to speculate on the
potential additive implications of at
tenuation correction and electrocardio
graphic gating on subsequent patient
management decisions. Both, when per
formed optimally, should lend a mea
sure of interpretive confidence that
would lead to a greater reliance on the
findings in subsequent clinical deci
sions. Optimally, very few patients with
normal, near-normal, or mildly abnor
mal scans would be referred for angiog
raphy. It is now well known that revas
cularization is ofmost benefit in patients
with multivessel or proximal left ante
rior descending coronary artery distri
bution ischemia; the excess referral for
angiography after scans reveal isch
emic extent and severity of lesser de
grees most likely reflects a lack of
confidence in the results.

We are of the opinion that SPECT
myocardial perfusion imaging has come
a long way but has much potential yet
to develop. Electrocardiographic gat
ing and attenuation correction are 2
important advances. In fact, they are
generally perceived to be so important
that they have been incorporated into
clinical practice very early in their
technical development. Although on
going evaluation of performance in
clinical settings is always of interest, it
is likely that history will document that
both of these techniques will become
routine and make valuable contribu
tions to the diagnosis and management
ofpatients with CAD.
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