CLINICAL SCIENCES

-------------------------------------------------

Correction for Patient and Organ Movement in
SPECT: Application to Exercise Thallium-201

Cardiac Imaging

William J. Geckle, Terry L. Frank, Jonathan M. Links, and Lewis C. Becker

Divisions of Cardiology and Nuclear Medicine, Departments of Medicine and Radiology, The
Johns Hopkins Medical Institutions, and the Johns Hopkins University Applied Physics
Laboratory, Baltimore, Maryland

We describe a technique for correction of artifacts in exercise 2°'Tl single photon emission
computed tomography (SPECT) images arising from abrupt or gradual translational
movement of the heart during acquisition. The procedure invoives the tracking of the “center
of the heart” in serial projection images using an algorithm which we call “diverging squares”.
Each projection image is then realigned in the x-y plane so that the heart center conforms to
the projected position of a fixed point in space. The shifted projections are reconstructed
using the normal filtered backprojection algorithm. In validation studies, the motion correction
procedure successfully eliminated movement artifacts in a heart phantom. image quality was
also improved in over one-half of 36 exercise thallium patient studies. The corrected images
had smoother and more continuous left ventricular walls, greater clarity of the left ventricular
cavity, and reduced streak artifacts. Rest injected or redistribution images, however, were
often made worse, due to reduced heart to liver activity ratios and poor tracking of the heart
center. Analysis of curves of heart position versus projection angle suggests that translation

of the heart is common during imaging after exercise, and results from both abrupt patient
movements, and a gradual upward shift of the heart. Our motion correction technique
appears to represent a promising new approach for elimination of movement artifacts and
enhancement of resolution in exercise ?'Tl cardiac SPECT images.
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Thallium-ZOl (**'T1) single photon emission com-
puted tomography (SPECT) has been shown to be
valuable for assessing regional myocardial perfusion in
patients with known or suspected coronary artery dis-
ease (1-8). Increasingly, thallium SPECT has been
found to be superior to standard planar imaging, with
improved lesion contrast and spatial localization, and
fewer chest wall attenuation artifacts (/-6). However,
SPECT may be associated with significant reconstruc-
tion artifacts, and system performance may be limited
by errors in the acquired emission data which are
propagated through the reconstruction process (9,10).
A contributing factor to the loss of image quality in
perfusion studies may be a shift in heart position within
the thorax during acquisition, due to voluntary or in-
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voluntary patient movement, or changes in central
blood volume or lung volume. The effect of organ
movement is to misalign the projection images and
introduce an unmodeled blur function into the recon-
struction, leading to the loss of resolution and introduc-
tion of image artifacts.

Image degradation due to changing heart position
has been documented (11,/2) and voluntary patient
motion artifacts have been simulated and described
(13). In addition, a gradual upward shift in the position
of the heart has been described following cessation of
vigorous exercise, termed “upward creep” (14), which
results in artifactual perfusion defects in the inferior left
ventricular wall. Although the problems created by
heart movement are well understood, no procedure to
correct the error has been published.

In this report we describe a technique to correct for
the average shift in heart position occurring between
projection images by appropriately realigning each of
the 60 images contained in a 180-degree acquisition.
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This paper describes the algorithms and techniques
involved in heart movement correction and presents an
initial evaluation of its performance in phantoms and
patients.

MATERIALS AND METHODS

Overview

The correction procedure begins by locating the position of
the heart in each projection image. The “center of the heart”
is defined as the center of a standardized square region that is
roughly the size of an average emission projection image of
the heart. Every projection image is then shifted prior to
reconstruction, such that the heart location in the shifted
image corresponds to the projected location of an arbitrary
fixed point in space.

Object Tracking

In order to successfully align the projection images, the
position of the “center of the heart” must be identified and
located in each projection image. In initial attempts, a gamma
emitting marker was attached to the patient’s thorax in various
positions, including the suprasternal notch, left supraclavicu-
lar area, left mid-axillary line, xiphoid, and upper and lower
thoracic spine, in an effort to locate an external reference
point that would move consistently with the heart. Although
external markers accurately reflected gross patient motion in
the axis of, and perpendicular to the axis of, the table, they
did not track the “upward creep” motion of the heart, nor did
they consistently move with the heart as the left arm was
raised above the head to allow passage of the camera head
close to the thorax. Thus, although external markers have
been successfully employed for planar exercise scintigraphic
studies (/5), they do not appear to be applicable to tomo-
graphic systems.

In the technique we have developed, the heart itself is
followed in each projection using a modification of the “con-
verging squares” algorithm (/6), which we call “diverging
squares”. It is used to identify and track that square region of
the image containing the most counts, the center of which is

FIGURE 1

defined as the “center of the heart”. The first step in the
diverging squares algorithm is to interactively position a 10 X
10 pixel square (3 mm/pixel) over the interior of the left
ventricle (the chamber) in the first projection image. The
algorithm then proceeds to form four 11 X 11 pixel squares,
each of which contains the initial 10 X 10 square plus one of
the four possible adjacent row-column pairs (Fig. 1). That 11
X 11 square (of the four) with the highest total counts is
chosen, and four 12 X 12 pixel squares are formed, each of
which contains the chosen 11 X 11 pixel square plus an
additional adjacent row-column pair. That 12 X 12 square (of
the four) with the highest total counts is chosen, and the
process is repeated until the square is expanded to a size of 20
X 20 pixels, a size which we found encompasses most of the
left ventricular myocardium in an average patient. The center
of this final 20 X 20 pixel square is considered the “center of
the heart” in the first projection. For the successive projec-
tions, the algorithm begins by centering the initial 10 X 10
pixel square on the previous projection’s “heart center”, and
proceeds in the same manner as described above to expand
the square to a size of 20 x 20 pixels.

Projection Alignment

The alignment algorithm shifts the position of the heart in
each projection image such that the center of the heart follows
the projection trajectory of an off-axis, fixed point in space
(sinusoidal motion in the x dimension and a straight line in
the z dimension). For the geometry illustrated in Figure 2, the
location in image coordinates (x;, y;) of the projection of a
point located at (x, y, z) can be shown by simple geometry to
be

Xi = A sin (§ — w)
y,= 2
where

w = tan"' (y/x) and

0 = camera angle and

A= +y)
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12 x 12 pixel squares. The process
is repeated until the square reaches
a size of 20 x 20 pixels; the center
is defined as the “heart center” and
is used to position the initial 10 x 10
pixel box in the next projection im-
age. The counts shown are repre-
sentative of the values found in our
studies but do not come from one
specific study.
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These equations assume that the origin is at the axis of
rotation of the camera gantry. For a fixed point in space,
therefore, the location of the projection of that point in an
acquired, raw projection image is uniquely determined.

The selection of values for the parameters A and w, as
defined above, is arbitrary for the filtered back-projection
parallel beam data used here. The projection images may be
shifted to positions corresponding to any fixed point using the
equations above, as long as the original relative angular de-
pendence of the projections is preserved. The location of the
heart within the reconstructed image varies with the choice of
different fixed point projection trajectories. Values of A = w
= 0, for example, would result in the heart appearing in the
center of the image, which represents the center of rotation.
A determines the distance of the heart from the center of the
reconstruction matrix, while w affects its angular position in
the matrix.

For convenience, we chose values for A and w based on
typical heart locations in patient studies (A = 25 pixels, or 7.5
cm, off the axis of rotation; w = 0). Each projection image
was first shifted in the x-direction so that the x-coordinate of
the heart center conformed to the relation x; = 25 (sin 6) +
AOR, where 6 begins at 140° (the first projection angle) and
increases 3° for each successive projection image, and AOR
represents the axis of rotation. The AOR x-offset, which is
determined by a line source calibration study, is required in
the equation because in our implementation, the origin is in
the lower left hand corner of the matrix rather than at the
actual AOR. Each image was then shifted in the y-direction,
to align the y-coordinate of the heart center with the y-value
determined in the first projection image.

Phantom Studies

To assess the ability of the motion correction program to
improve image quality of commercially available SPECT
phantom was used with a heart insert oriented approximately
45° off the longitudinal axis (Data Spectrum Corporation).
The outer chamber of the insert, simulating the myocardium,
was filled with thallous-201 chloride, 2 4Ci/ml, and a capillary
tube containing the same concentration of tracer was attached
to the outside of the phantom along the longitudinal axis. The

Volume 29  Number 4 * April 1988

FIGURE 2

Diagram showing the relations be-
tween center of rotation (origin),
camera head undergoing counter-
clockwise circular orbit at projection
angle 6, and offset fixed point in
space with three-space coordinates
X, ¥, Z and projected image coordi-
nates X, y. In our imaging system, 6
= 0 is defined as vertically down-
wards. The dashed line at angle rep-
resents the projection on the x-y
plane of the chord connecting the
origin and x, y, z. See text for details.

phantom was filled with nonradioactive water. Using a large
field of view tomographic camera (Technicare Omega 500,
Technicare, Solon, OH) fitted with a general-all-purpose, par-
allel hole collimator, and interfaced with a Technicare 560
computer, projection images (128 % 128) were obtained every
3° over 180° from 40° “right anterior oblique™ (defined as
“140°” in our system) to 50° “left posterior oblique™ (defined
as “320°”) with 1.4X camera magnification. Raw images were
corrected by a 128 million count flood field, and 3 pixel (9
mm) thick transaxial images were obtained by reconstruction
using a filtered backprojection algorithm (Hanning filter with
an 0.30 cutoff or Shepp-Logan filter with a cutoff of 0.70).
Two additional studies were acquired to simulate heart
motion. For transaxial motion, the ECT table, including phan-
tom and capillary tube, was moved sideways approximately
2.5 cm at image number 17, corresponding to a 10° left
anterior oblique projection. To simulate axial motion, the
table was moved upwards 2.5 cm at image number 17. Trans-
axial images were reconstructed with and without application
of the heart tracking and projection alignment algorithms
described above, and for each study the three image sets—
original acquisition, motion without correction, and motion
with correction—were compared. To more quantitatively as-
sess the effects of motion correction, profiles were constructed
through the cross-sectional images of the capillary tube, and
the full width at half maximum (FWHM) was determined.

Patient Studies

Standard exercise 2°' Tl tomographic images were obtained
in 36 subjects using the same camera/collimator system de-
scribed above. Eleven subjects were normal volunteers, 14
were asymptomatic siblings of patients with premature coro-
nary artery disease (ten of the siblings had undergone coronary
arteriography), and 11 were symptomatic patients being eval-
uated for coronary artery disease (eight with coronary arteri-
ography). Projection images were acquired every 3° over 180°,
30 sec per view, as in the phantom studies. The radius of
rotation was as small as possible, averaging ~20 cm. Trans-
axial slices (3 pixels thick) were reconstructed by filtered
backprojection (Hanning 0.30 filter). Attenuation correction
was not performed. The transaxial data were then reoriented
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around the true cardiac longitudinal axis to form short axis
and vertical long axis image sets.

To compare motion-corrected and nonmotion-corrected
images for each patient, the projection data were reconstructed
again following application of the motion correction algorithm
described above. For each of the three orientations (transaxial,
short axis, and long axis), eight slices from the standard image
set were displayed side by side with the corresponding eight
slices from the motion-corrected study. The image sets were
displayed in random order on the video monitor and viewed
by three experienced observers who were blinded as to which
image set was standard and which was motion corrected.
Image quality was assessed visually according to the smooth-
ness and continuity of myocardial walls, clarity of the left
ventricular cavity, and absence of streak artifacts. Paired image
sets were compared to determine whether one of the two
studies was “much better”, “somewhat better”, or “not signif-
icantly different” than the other. The code identifying which
image set was motion corrected was broken only after all of
the patients had been analyzed.

To determine the ability of the motion correction program
to work successfully under conditions of reduced total counts
and heart/background ratio, ten redistribution studies and ten
rest injected thallium tomographic studies were motion cor-
rected and compared with the standard image set.

To determine whether motion correction might artifac-
tually eliminate exercise perfusion defects, particularly inferior
ones, ten patients were randomly selected with known right
and/or circumflex coronary artery disease and an inferior wall
defect in the nonmotion corrected exercise study. The cor-
rected and noncorrected image sets were displayed in random-
order and compared.

RESULTS

Phantom Studies

The ability of the motion correction algorithm to
eliminate transaxial and axial movement-related arti-
facts was evaluated in the SPECT heart phantom (Figs.
3 and 4). The first row in Figure 3, obtained without
movement of the phantom, shows from left to right, a
reconstructed cross-sectional slice through the capillary
tube, a reconstructed slice through the simulated left
ventricle, a “sinogram” through the capillary tube (ob-
tained by vertically stacking the same one pixel thick
horizontal row from each of the 60 successive projection
images), and a sinogram-type display of the x-coordi-
nate and y-coordinate of the computer-determined
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FIGURE 3
Heart phantom study: effect of transaxial (x-direction) movement. See text.
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Heart phantom study: effect of 2.5
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“center of the heart”, presented as a stacked plot from
the first to the last projection image. Note that the “left
ventricular” image is smooth and free of artifacts, and
that the derived x-coordinate curve of the “heart center”
closely matches the sinogram through the capillary
tube. The y-coordinate curve deviates by one pixel (3
mm) at some projection angles, despite the absence of
real motion, possibly because of statistical noise or a
change in the shape of the simulated left ventricle as
the camera moves around the phantom. The middle
row shows the effects of 2.5 cm of transverse (transaxial)
motion applied at projection image number 17. The
point source is blurred, the transaxial image of the “left
ventricle” shows significant artifacts, including two hot
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projection image 17 on short axis
tomogram, and correction by motion
correction algorithm.

x OR y

areas, an apparent reduction of activity at the “apex”,
and a streak extending from the back of the “septum”,
and the sinogram shows an abrupt rightward movement
about one third of the way up from the bottom, corre-
sponding to the translational movement of the phan-
tom. The heart-center tracking program successfully
identifies the heart movement, with the x-coordinate
curve precisely mirroring the capillary tube sinogram
and the y-coordinate curve showing no significant
change. The bottom row shows the results of motion
correction. The point source is again sharp and round,
the “left ventricle” is free of artifacts and the sinogram
is again smooth. Each projection image has been re-
aligned so that the “center of the heart” is shifted to an
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arbitrary but fixed point in space, resulting in a sino-
gram of somewhat different amplitude and phase. The
right panel shows the uncorrected and corrected x-
coordinate curves of the heart center. The y-coordinate
curve of the shifted data (not shown) is represented by
a vertical line. Measurements of the FWHM for the
point source obtained without motion, with motion,
and after motion correction, are provided in Table 1.

Figure 4 shows the image degradation arising from
axial movement of the heart phantom (2.5 cm at pro-
jection image number 17) and the improvement after
motion correction. The sinograms show the tracked x
and y positions of the heart center before and after
image realignment.

To determine whether application of motion correc-
tion might cause artifactual defects in the heart phan-
tom, the algorithm was applied to a normal data set
that had been acquired without movement of the phan-
tom. The reconstructed images appeared virtually iden-
tical to the non-motion corrected images.

Patient Studies

Motion correction provided an improvement in im-
age quality in over half of the exercise studies examined
in blinded readings (Table 2). In 25% of patients the
motion corrected study was judged “much better” than
the standard image set, while in an additional 28% it
was judged “somewhat better”. In only three patients
(8%) was the motion corrected exercise study judged to
be worse. A review of these three patients revealed the
following: in one patient, heart tracking at the beginning
and end of the acquisition was suboptimal due to low
heart activity; the second patient, an asymptomatic
sibling with a normal exercise test, had a streak artifact
at the apex in the motion corrected study but also had
more homogeneous uptake in the inferior wall (no
reason could be ascertained for the streak artifact); the
third patient had a very small difference between cor-
rected and noncorrected studies and no cause could be
found. Results of motion correction were similar in the
normal volunteer, sibling, and clinical subject groups
(Table 2).

Movement artifacts were most frequently related to
either abrupt shifts in heart position as the left arm was
raised above the head for close camera positioning, or
to gradual “upward creep” in heart position during

TABLE 1
Phantom Study: FWHM of Cross-Section Through Line
Source
Reconstruction filter
Hanning 0.30  Shepp-Logan 0.70
No motion 241 cm 1.22cm
Motion 4.20 cm 241 cm
Motion corrected 247 cm 1.58 cm
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TABLE 2
Motion-Corrected Compared with Uncorrected Exercise
Studies

Much Somewhat No  Somewhat Much
better better difference worse worse

Normal volunteers 1 4 6 0 0
(n=11)
Siblings (n = 14) 5 4 3 2 0
Clinical (n = 11) 3 2 5 1 0
Total (n = 36) 9 10 14 3 0
(25%) (28%)  (39%) (8%)  (0%)

acquisition. Figure § illustrates significant image deg-
radation in a sibling with a normal coronary arterio-
gram due to a sudden 1.8 cm upward movement of the
heart (shift in y-coordinate of the heart center) as the
left arm was repositioned. The transaxial view shows
blurring of the left ventricular cavity and streak artifacts
arising from the apex; the short axis view shows seg-
mentation of myocardial activity, a “hot spot” in the
lateral wall, and an apparent inferior wall perfusion
defect; and the long axis view shows blurring and
smudging of the inferior wall and a “hot spot™ at the
apex. After motion correction, the images are markedly
improved with more homogeneous distribution of ac-
tivity, greater clarity of the left ventricular cavity, and
diminution of streak artifacts.

Figure 6 illustrates image degradation in another
sibling with normal coronary arteries resulting from
shifts in both x and y positions of the heart coincident
with left arm repositioning. The y-coordinate curve
shows an upward shift of 1.2 cm over about six projec-
tion angles, while the x-coordinate curve demonstrates
a sudden shift to the left over two angles. The transaxial
view shows prominent streak artifacts coming off the
lateral wall, apex, and back of the septum, while the
short axis view shows an apparent inferior wall perfu-
sion defect. After motion correction, the streak artifacts
are gone and the inferior wall “defect” is less apparent,
although not completely gone. Attenuation effects may
account for the remainder of the inferior wall artifact.

Figure 7 illustrates image artifacts in a normal vol-
unteer subject caused by “upward creep”, gradual up-
ward displacement of the heart (change in y-coordinate)
without any abrupt translational shifts. The transaxial
view shows a hot spot at the junction of the right and
left ventricles; the short axis view shows hot spots in
the lateral and anterior walls, a distortion of left ven-
tricular shape, segmentation of the left ventricle, and
moderate streak artifacts; the long axis view shows a
very prominent artifact resembling an extra ventricular
wall with decreased uptake in the inferior region. After
motion correction the left ventricular activity is ho-
mogeneous and the “extra wall” has disappeared.

The Journal of Nuclear Medicine
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Exercise images from a patient with normal coronary arteriogram. Uncorrected images show artifactual inferior wall
perfusion defect which disappears after motion correction. Sinogram display tracking the x- and y-coordinates of the
heart center indicates a sudden upward shift in heart position about one-third of the way through acquisition, probably

related to raising of left arm over head. See text.

Since motion correction appeared to make the infe-
rior wall in particular more homogeneous, we com-
pared corrected and uncorrected exercise studies from
ten patients with known right and/or circumflex coro-
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nary artery disease to evaluate the possibility that mo-
tion correction might “blur” inferior wall perfusion
defects. On a scale of 0 (no defect) to +++ (severe
defect), the number of patients with inferior wall defects
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Exercise images from a second patient with normal coronary arteriogram. Uncorrected images show artifactual inferior
wall perfusion defect related to shifts in both the x- and y-coordinates of the heart center. Corrected image set is

significantly improved. See text.
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Exercise images from a normal volunteer with a normal stress test. Artifactual “extra wall” is seen in uncorrected image
set related to gradual “upward creep” of heart. Corrected images are markedly improved. See text.

were as follows: 3 with +++, 4 with ++, 1 with +, 1
with +, 1 with 0. In each patient the reading on the
motion corrected study was identical.

Although results were good with correction of exer-
cise studies, the same could not be said for redistribu-
tion or rest-injected studies. Blinded visual comparison
of ten redistribution studies showed that the motion-
corrected images were “much better” than the uncor-
rected images in two patients, “somewhat better” in
two, “no different” in three, “somewhat worse” in two,
and “much worse” in one. For the ten rest studies, the
motion corrected images were judged to be “no differ-
ent” in three, “somewhat worse” in five, and “much
worse” in two. Worsening of the images after motion
correction appeared to be related to poor tracking of
the heart. Reduced heart to liver and heart to lung
activities were sometimes associated with inaccurate
localization of the heart center, leading to inappropriate
realignment of projection images before reconstruction.
Although heart activity was reduced ~50% in redistri-
bution or rest-injected studies, the relation between
accuracy of heart tracking and intensity of heart activity
in the projection data was not a simple one. Heart
activity in a 20 X 20 pixel box positioned over the heart
averaged 9.47 counts/pixel for the three people in which
motion correction degraded the reconstructed stress
image (see above) compared to 10.16 counts/pixel for
the three people illustrated in Figures 5-7 with marked
image improvement. Activity in a 10-pixel-wide border
around the heart was also similar, averaging 4.32 and
4.58 counts/pixel, respectively.
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DISCUSSION

We have developed a technique for correction of
motion artifacts in 2°'T1 SPECT images arising from
both patient motion and a gradual upward shift in heart
position following exercise. Although others have de-
scribed methods for monitoring the heart movement
during acquisition of SPECT studies using summed
projection images of the heart (/7) or cross-correlation
techniques (/8), this study represents the first report of
an automated method for correction of the artifacts
produced by abrupt or gradual translational movements
of the heart. The procedure involves the tracking of the
“center of the heart” in serial projection images and
realigning each projection image in the x-y plane so
that the center conforms to an arbitrary but fixed point
in space. The shifted projections are then backprojected
in the normal manner. The procedure does not affect
normal acquisition procedures and does not require the
collection of any additional data. The software, written
in BASIC, currently takes ~9 min to correct a full 60-
image projection set on our tomographic system. Quan-
titative and qualitative phantom studies, as well as
initial patient exercise studies, indicate a significant
improvement in the overall quality of SPECT images
following application of this correction.

We investigated several different methods of deter-
mining heart location. The “converging squares” inten-
sity peak finding algorithm and centroid tracking meth-
ods were both implemented, but behaved poorly due to
the influence of projected source activity external to the
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heart (e.g., liver). A more successful approach, the “di-
verging squares” algorithm, was developed to automat-
ically provide the heart position and avoid falsely track-
ing external uptake or noise regions. By initiating the
tracking process within the heart and expanding to a
final region size which is approximately that of the
heart, noncardiac regions of uptake were found to have
relatively little effect on the identification of the heart
center. The procedure retains, however, the computa-
tional efficiencies inherent in the converging squares
approach (16). In addiiion, the “diverging squares”
algorithm is relatively insensitive to noise and requires
no empirical parameters, such as threshold values or
noise statistics.

Errors may nevertheless occur, even with the “di-
verging squares” algorithm, in projections where exter-
nal regions of thallium uptake overlap the heart. Al-
though this was not seen during our exercise patient
studies, it was a significant problem in some rest-in-
jected and redistribution thallium studies, which had
relatively high liver uptake, and in some studies with
severe defects in the inferior wall. Similarly, data de-
rived from projection images with low heart uptake due
to attenuation tended to be less accurate, since the
diverging squares algorithm attempts to locate regions
of high uptake relative to the surrounding background.
The patient example in Figure 5 illustrates this point.
The upper third of the x-coordinate curve is noisy,
suggesting that the center of the heart was not being
tracked precisely in the left posterior oblique positions
(the most attenuated projections). Despite this problem,
the motion-corrected images are markedly improved
compared to the standard non-motion-corrected im-
ages. The effect of eliminating frames with poor heart
to background definition from the raw projection data
set prior to reconstruction is currently being investi-
gated, since such frames provide little information on
source activity and may, in fact, degrade overall spatial
resolution.

Eisner et al. (18,19) have recently described a new
technique for detecting (but not correcting) patient mo-
tion using frame-to-frame cross-correlation functions of
the summed profiles in the vertical and horizontal
directions of the planar projection images. Phantom
studies showed that a 6-mm axial or transaxial move-
ment could be easily detected. Like our diverging
squares approach, this method can be automated and a
hard copy output can be produced. However, errors
may result from large abrupt motions disrupting the
frame-to-frame correlation, or from poor target to back-
ground ratio. In addition, the cross-correlation ap-
proach does not detect a smooth continuous motion of
the heart, as may occur during “upward creep” (14).
We have found that this type of motion represents an
important source of reconstruction artifact.

The alignment of projection images consists of shift-
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ing each projection image to provide a set of heart
positions which follow the projected trajectory of a fixed
point in space. As mentioned earlier, the choice of phase
and amplitude for a particular sinusoid to model the
projection shift is arbitrary, the only important con-
straint being that the sinusoid must be symmetric about
the true axis of rotation of the camera. The amplitude
of the sinusoid is related to the distance of the fixed
point from the camera axis of rotation; to avoid the
possibility of projection data being shifted so far that
the heart falls partially outside of the image matrix,
parameters were chosen so that the fixed point in space
approximates the normal heart position in the thorax.

Misalignment in an uncorrected data set may also be
related to factors other than patient or organ move-
ment, such as center of rotation shifts with angle. Our
procedure does not differentiate among the causes of
misalignment, but globally corrects with a single cor-
rection shift. Thus, even in the absence of patient or
organ movement, our procedure will shift the data to
account for center of rotation errors. In our SPECT
system, the manufacturer has implemented center of
rotation correction as an integral part of the reconstruc-
tion procedure. Thus, the serial application of our
movement correction and the manufacturer’s center of
rotation correction could result in over-correction. We
routinely acquire a center of rotation phantom study
for each patient, and examine the resulting correction
factors, which represent horizontal shifts of the projec-
tion data. These shifts are always less than one pixel in
magnitude. Since our movement correction procedure
operates with whole pixel shifts, we have chosen not to
disable the manufacturer’s center of rotation correction.
For those systems with larger center of rotation errors,
and consequently larger correction shifts, the serial use
of movement correction and center of rotation correc-
tion could result in artifacts. For those systems which
implement center of rotation correction as a separate
procedure whose output is a shifted set of projection
data, there should be no problem as long as the center
of rotation correction is performed before the move-
ment correction procedure.
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