
ponent measured in our @Tc-teboroximepatient popula
tion. However, it should be considered that motion-in
duced artifacts in @â€˜@TcSPEC!' studies are probablymore
severe than analog artifacts in @Â°â€˜TlSPEC!' studies for the
same amount of motion and the same pre-processing/re
construction filter cutoff, given the higher resolution capa
biities of technetium-based agents. Conversely, we have
not performed a quantitative or qualitative assessment of
the changes in sensitivity and specificity for @â€˜@â€˜Fc-sesta
mibi or @Tc-teboroximemyocardial SPEC!' studies fol
lowing the application of our motion correction method.
Future extensions of this preliminary work will include
validation of the technique in a prospective patient popu
lation using quantitativeanalysis to clearly assess the chin
ical significance of this motion correction strategy.
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SPEC!' acquisition. The whole patient
can translateor rotate with respect to
the cameraor the heartor surrounding
organs can move with respect to the
rest of the body. An example of the
second type of motion is â€œupward
creepâ€•of the heart after exercise,
which is probably caused by changes
in respiration (1). It is truly remark
able to me that with all of these theo
retical problems, cardiac SPEC!' im
aging has become a useful clinical
tool.

The process of trackingan object in
an image is a frequent image process
ing operation used in tasks as dispar
ate as Landsat imagery, cruise missile

navigation and radiologic image regis
tration. The methods in the papers by
Germano et al. (2) and Cooper et al.
(3) in this issue represent two general
approaches: tracking a fiducial mark
or trackinga feature in the image. Fi
ducial marks can be designed so that
they can be accurately and reliably
tracked, however, as in myocardial
imaging, it is not always possible to
affix a fiducial marker to the object of
interest.

Germano et al. use a point source
on the sternum as a fiducialmarkerto
track and correct for whole-body mo
tion. Cooper et al. track the image of
the heart,which tracksboth motion of
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Effectof Motionon CardiacSPECTImaging
T here are several majortheoretical

problems with cardiac SPEC!'
imaging: attenuation, scattering,
changes in biodistribution during ac
quisition, changes in resolution with
depth, nonuniformityand nonlinearity
of the detector(s), errors in the center
of-rotation, and so forth. Two articles
in this issue discuss another problem:
motion during acquisition. There are
two categories of motion during
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the patient and motion of the heart
with respect to the rest of the patient.
Although tracking the heart can cor
rect for both sources of motion, it as
sumes that the heart is of similarcon
figuration in sequential projection
images.

The first step in identifying and
tracking features in sequential images
is often to preprocess the image in or
der to increase the energy of the fea
ture with respect to the ground. For
example, an interestingproblemarises
in satellite imagery when comparing a
feature with changed vegetation or
with snow cover. The next step is to
select a feature to be tracked, for ex
ample, the myocardium. A similarity
measure is used to reflect the similar
ity between the feature and a specific
portion of the second image. The sim
ilaritymeasure is definedas a function
of the offset between the feature and
the search areain the second image. A
frequently chosen similarity measure
is the cross-correlation of the feature
and the search region. If the feature
being trackedis not the highest energy
object in the image, then the cross
correlation is typically normalizedfor
the energy in the window being exam
ined (4). Using interpolation, the fea
ture can often be located with sub
pixel accuracy, often on the order of
one-tenth of a pixel accuracy. (Accu
racy depends upon image distortion
andthe autocorrelationfunctionof the
feature).

In the paperby Cooper et al., three
different similarity measures were
compared to visual interpretation of
the cine display. One method used
cross-correlation of the projections of
successive frames unnormalized for
energy (5). A second method, diverg
ing squares, tried to finda squarewith
the maximum intensity (6). This
square was assumed to be hocated
around the myocardium. The third
method used the sum of the squaresof
the difference between images. Nor
malized two-dimensional cross-corre
lation was not used. Each of these
methods worked reasonably well.

However, none of the methods would
have accurately measured all motions
which could affect the reconstructed
images.

It is conceivable that other ahgo
rithms might track the heart even
more accurately. However, the heart
changes in sequential images due to
changes in the viewing angle, overly
ing attenuation and background activ
ity. Thus, even a much more compli
cated algorithm which took into
account much of this a prior informa
tion mightnot performany better than
the tested algorithms.

As would be expected, Germano et
al. were able to tracka point source on
the sternum with much greater accu
racy. However, their algorithmtakes
into account neither rotationalmotion
normotion of the heartwith respect to
the sternum. These authorsarguethat
most motion-related reconstruction
artifacts are due to motion of the
whole patient. Certainly many of the
worst reconstruction artifacts are
caused by motion of the whole pa
tient. Thus, tracking only whole pa
tient motion may provide the informa
tion necessary to correct almost all of
the important motion related recon
struction artifacts.

Ifwe step back a moment, there are
a number of important points to be
made. First, a generalrule is always to
collect the best possible raw data. At
tention to technical detailmust also be
stressed. Data correction schemes can
be used to ameliorate poor data but it
is always best not to have to correct
for bad data. Second, it is essential to
control quality for data collection
problems. The physician interpreting
the datashould view the raw datacine
and should know what corrections
have been used. Third, the physician
needs to understand how reconstruc
tion artifacts are produced and needs
to know how to recognize artifacts in
his system (7).

The decision about how to handle
patient motion may also involve the
other data collection problems listed
in the first paragraph. Kiat et al. have

reported that there is reduced motion
artifact in the raw data using prone
imaging (8). Prone imaging probably
also reduces â€œupwardcreepâ€•of the
heart. Prone imaging has a major im
pact on decreasing inferiorwall alien
uation artifacts, but may result in
some increase in apical and anterior
wall artifacts. We favor prone imag
ing, but many departmentsstill prefer
supine imaging.

The decision aboutproneversus su
pine imagingand about patientmotion
correction will have to be revisited
when accurate attenuation correction
becomes clinically available. The pa
pers by Germano et al. and Cooper et
al. in this issue provide us with impor
tant data to help us make these deci
sions.

J. AnthonyParker
Beth Israel Hospital

Ha,vard Medical School
Boston, Massachusetts
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