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may be clinically detectable, but is unlikely to cause quan
titatively important image artifacts. Movement of greater
than 6.5 mm can cause clinically important image artifacts
and must be considered as a potential source of error in
201T1tomographic myocardial perfusion studies.
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I n this month's issue, Cooper et al.
have simulated both vertical and

horizontal patient motion during
SPECT 201Tl myocardial perfusion
imaging and they determined the re
lationship between the amount and
timing (frame at which motion oc
curred) of patient motion and false
positive SPECT 20tTl images (1). As
our group had done, studies were read
normal or abnormal based on quan
titative criteria applied to bull's-eye
analysis. In comparison to our find
ings, the results of Cooper et al. show
a markedly decreased sensitivity to
patient motion. Table 1 summarizes
the disparate results on the frequency
of false-positive findings for patient
scans with simulated motion, which
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occurred half-way through the SPECT
scan.

Previously, our group described a
technique which detects and corrects
for vertical (i.e., head-to-foot) patient
motion during SPECT 201'flmyocar
dial perfusion imaging (2,3). We also
evaluated the sensitivity of SPECT
201'flto patient motion by quantita
tive bull's-eye analysis of (low proba
bility ofdisease) patient data sets with
simulatedpatient motion (2). Motion
was simulated by â€œmovingâ€•the
SPECT view data from Â±0.5 to Â±3.0

pixels for views 17â€”32of a 32 view!
180Â°SPECT acquisition. The SPECT
data then were reconstructed, and re
formatted into short-axis slices. The
short-axis slices were processed
through our own version ofthe bull's-
eye program [REV 3.0 on the General
Electric STAR system, and later used
on other General Electric computer
systems (4)J using a gender-matched
normal file consisting of 50 females
and 50 males (5). Each simulated data
set was processed as an independent
study so that slice selection, angle se
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lection for short-axis slice reformat 2. Perhaps the decreased sensitivity up. Moreover, compared to the
procedure of Eisner et al. (2),
the Cooper et al. (1) shift pro
cedure produces enhanced
smoothing of the view data,
which could produce SPECT re
constructed images with less
motion artifact for a given mag
nitude pixel shift.

In summary, the apparent discrep
ancy in the motion-related false-posi
tive rates appears to be related to the
processing techniques, processing flu
ters and protocols, and the quantita
tive definition of abnormal resulting
from the use of different bull's-eye
programs. The readers of the Journal
ofNuclear Medicine should be aware
that â€œbull's-eyeprogramsâ€•are not ge
neric (4). The use ofdifferent SPECT
processing techniques and quantifi
cation methodologies suggests that
each clinical laboratory has to evalu
ate its own sensitivity to motion-re
lated effects. I would suggest that the
reader can simply perform his/her
own simulation study following the
technique of Eisner et al. (2) and
Cooper et al. (1). Data from normal
patients without any evidence of mo
tion should be motion-shifted in the
middle of the SPECT study and proc
essed through normal clinical proto
cols to determine an institution-spe
cific false-positive rate.

In our institution, we employ cross
correlation program analysis (3) to

ting and bull's-eye parameters were
not biased by previous selections.

Prior to our motion study, we had
developed and published quantitative
criteria for detection of coronary ar
tery disease using the same bull's-eye
processing program and normal ifies
employed for the simulation study (6,
7). It is important to note that the
bull's-eye program, processing meth
odology, criteria for abnormal scan
and so forth that we developed and
use are different from the Cedars
Sinai bull's-eye program (8).

What factors can account for the
difference between the results of Eis
ncr and those ofCooper for an abnor
mal versus normal study?

Table 2 presents a comparison of
the acquisition and processing proto
cols presented in the two papers (and
from private communication from
Dr. Cooper) from which we conclude
items 1â€”4.

1. The bull's-eye program used by
Cooper et al. (1) is not the Ce
dars-Sinai program (8), does not
use the Cedars-Sinai normal
files, and has not been validated
clinically. Therefore, the sensi
tivity/speciflcity values for de
tection of coronary artery dis
ease using Cedars-Sinai bull's-
eye analysis in the multicenter
trial are not appropriate for the
Cooper et al. study.

to motion compared to the re
suits of Eisner et al. (2) is a
reflection ofan overall decreased
sensitivity of the program to pa
tients with disease. Indeed, the
sensitivity of the Cooper et al.
bull's-eye program to motion
(4.8% false-positiverate for 1.0
pixel shift) is much lower than
the rate of motion-related arti
facts that were detected visually
by Cooper et al. (greater than
60% detection rate for 1.0 pixel
shift).

2. Data filtering before SPECT re
construction differs in the two
reports (two dimensional Han
sting (2) versus two-dimensional
Metz (1)). Perhaps the particular
type of Metz ifiter used by
Cooper et al., which enhances
different and lower spatial fre
quencies than the SPECT recon
struction filter of Eisner et al.,
produces decreased sensitivity to
both motion effects and coro
nary artery disease detection.

3. There is a difference in the
methodology to produce the
simulated motion effect. For cx
ample, to simulate a one pixel
nonreturning upward motion in
the middle of the scan, Cooper
et al. (1) shift views 1â€”16one
half pixel down and views 17-
32 one-half pixel up. Eisner et
al. shift views 17â€”32one pixel

TABLE 2
Comparisonof AcquisitionandProcessingProtocols

Eisner et al. (2) Cooperetal.(1)

201-ndose (mCi)
Collimator
Views/Arc
Startingangle
Pixelsize(mm)
Techniqueto simulate1 pixelshift in view17

and allsubsequent frames
Pre-SPECTfifter

Bull's-eyeprogram
Normalfile
Criteriafor abnormalSPECT@Â°i1myocardial

_on scan
Sensitivity/SpecificitySPECT @Â°â€˜Tlmyocardial

_on imaging

3.0â€”3.5
LEGP

32/180

45 RAO
6.0
+1 pixel (views 17â€”32)

20 Henning(goesto zeroat
Â½samplingfrequency)

References2,4
Ref. 5 (50 males; 50 females)
References6,7

References6,7

3.0
LEHR
32/180

45 RAO
6.5
â€”0.5pixel(views 1â€”16)
+0.5pixel(views17â€”32)
2D Metz

Cedars-Sinailike(8)
Cooperetal.(1)
Cedars-Sinai(8)

Unknown
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quantitate the amount of patient mo
tion in both the horizontal and verti
cal direction. It takes little time to
correct for y-motion (threshold = 0.5
pixels) and to confirm through the
rotating cine display of the view data
that the y-direction motion has de
creased following correction. With
this quality control check, we see no
reason not to motion-correct SPECT
data. Without the degrading effects of
motion, the shifted data set has greater
integrity than the uncorrected data.

RobertL. Eisner
Carlyle Fraser Heart Center

Crawford Long Hospital of

Emory University
Emory University School of Medicine

Atlanta, Georgia

Sensitivityof ThalliumSPECTPerfusionImagingto PatientMotion@ Eisner 1573

REFERENCES

1. Cooper JA, Neumann PH, McCandless BK.
Effect of patient motion on tomographic myo
cardial perfusion imaging. J Nuc! Med 1992;
33:1566â€”1571.

2. Eisner RL, Churchwell A, Noever T, et al.
Quantitative analysis of the tomographic thai
Iium-201 myocardial bull's-eye display: critical
role of correcting for patient motion. J Nuc!
Med l988;29:9lâ€”97.

3. EisnerRL, NoeverT, NowakDJ,etal. Useof
cross-correlation to detect patient motion dur
ing SPED' imaging. I Nud Med 1987;28:




