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
20'T] tomographic myocardial perfusion studies.

REFERENCES

Garcia EV, DePuey EG, Sonnemaker RE, et al. Quantification of the
reversibility of stress-induced thallium-201 myocardial perfusion defects: a
multicenter trial using bull’s-eye polar maps and standard normal limits. J
Nucl Med 1990;31:1761-1765.

. Van Train KF, Maddahi J, Berman DS, et al. Quantitative analysis of

tomographic stress thallium-201 myocardial scintigrams: a multicenter
trial. J Nucl Med. 1990;31:1168-1179.

. Ritchie JL, Williams DL, Harp G, Stratton JL, Caldwell JH. Transaxial

tomography with thallium-201 for detecting remote myocardial infarction.
Comparison with planar imaging. Am J Cardiol 1982;50:1236-1241.

. Fintel DJ, Links JM, Brinker JA, Frank TL, Parker M, Becker LC.

Improved diagnostic performance of exercise thallium-201 single photon
emission computed tomography over planar imaging in the diagnosis of
coronary artery disease: a receiver operating characteristic analysis. J Am
Coll Cardiol 1989;13:600-612.

. DePuey EG, Garcia EV. Optimal specificity of thallium-201 SPECT

through recognition of imaging artifacts. J Nucl Med 1989;30:441-449.

. Friedman J, Berman DS, Van Train K, et al. Patient motion in thallium-

201 myocardial SPECT imaging: an easily identified frequent source of
artifactual defect. Clin Nucl Med 1988;13:321-324.

. Eisner R, Churchwell A, Noever T, et al. Quantitative analysis of the

16.
17.

tomographic thallium-201 myocardial bull’s-eye display: Critical role of
correcting for patient motion. J Nucl Med 1988;29:91-97.

. Zhu YY, Botvinick EH, O’Connell WJ, Dae MW. Tolerance of SPECT

perfusion imaging to patient motion [Abstract). J Nuc/ Med 1990;31:841.

. Eisner RL, Noever T, Nowak D, et al. Use of cross-correlation function to

detect patient motion during SPECT imaging. J Nucl Med 1987;28:
97-101.

. Geckle WJ, Frank TL, Links JM, Becker LC. Correction for patient motion

and organ movement in SPECT: application to exercise thallium-201
cardiac imaging. J Nucl Med 1988;29:441-450.

. King MA, Doherty PW, Schwinger RB, Jacobs DA, Kidder RE, Miller

TR. Fast count-dependent digital filtering of nuclear medicine images:
concise communication. J Nucl Med 1983;24:1039-1045.

. Gilland DR, Tsui BMW, McCartney WH, Perry JR, Berg J. Determination

of the optimum filter function for SPECT imaging. J Nuc! Med 1988;29:
643-650.

. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver

operating characteristic (ROC) curve. Radiology 1982;143:29-36.

. Metz CE. ROC Methodology in radiologic imaging. /nvest Radiol 1986;

21:720-733.

. Maddahi J, Van Train K, Prigent F, et al. Quantitative single photon

emission computed tomography for detection and localization of coronary
artery disease: optimization and prospective validation of a new technique.
J Am Coll Cardiol 1989;14:1689-1699.

Diamond GA. Limited assurances. Am J Cardiol 1989;63:99-100.

Line BR, Cooper JA, Spicer KE, Jones AE, Crystal RG, Johnson GS.
Radionuclide cinepneumography: flow-volume imaging of the respiratory
cycle. J Nucl Med 1980;21:219-224.

. Friedman J, Van Train K, Maddahi J, et al. “Upward creep” of the heart:

a frequent source of false-positive reversible defects during thallium-201
stress-redistribution SPECT. J Nucl Med 1989;30:1718-1722.

EDITORIAL

Sensitivity of SPECT Thallium-201 Myocardial Perfusion
Imaging to Patient Motion

n this month’s issue, Cooper et al.

have simulated both vertical and
horizontal patient motion during
SPECT *'Tl 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 2°'T1 images (/). 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 %'T1 myocar-
dial perfusion imaging (2,3). We also
evaluated the sensitivity of SPECT
20'T] to patient motion by quantita-
tive bull’s-eye analysis of (low proba-
bility of disease) patient data sets with
simulated patient motion (2). Motion
was simulated by “moving” the
SPECT view data from + 0.5 to + 3.0

pixels for views 17-32 of a 32 view/
180° 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 of the bull’s-
eye program [REV 3.0 on the General
Electric STAR system, and later used
on other General Electric computer
systems (4)] 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-

TABLE 1
Comparison of False-Positive Findings for Motion That
Occurred in the Middle of the SPECT Scan

Degree of motion Eisner et al. Cooper et al.
(mm) () (7)
3.25 15% 2.9%
6.5 40% 4.8%
13 80% 20%
26 80% 55%

Sensitivity of Thallium SPECT Perfusion Imaging to Patient Motion ¢ Eisner
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lection for short-axis slice reformat-
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 files
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-
ner and those of Cooper 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 1-4.

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/specificity 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.

2. Perhaps the decreased sensitivity

to motion compared to the re-
sults of Eisner et al. (2) is a
reflection of an 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-positive rate 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).

. Data filtering before SPECT re-

construction differs in the two
reports (two dimensional Han-
ning (2) versus two-dimensional
Metz (1)). Perhaps the particular
type of Metz filter 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.

. There is a difference in the

methodology to produce the
simulated motion effect. For ex-
ample, to simulate a one pixel
nonreturning upward motion in
the middle of the scan, Cooper
et al. (/) shift views 1-16 one-
half pixel down and views 17-
32 one-half pixel up. Eisner et
al. shift views 17-32 one pixel

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 fil-
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
of Nuclear Medicine should be aware
that “bull’s-eye programs” are not ge-
neric (4). The use of different 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. (/). 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

TABLE 2
Comparison of Acquisition and Processing Protocols
Eisner et al. (2) Cooper et al. (1)

20'T] dose (mCi) 3.0-35 3.0
Collimator LEGP LEHR
Views/Arc 32/180 32/180
Starting angle 45 RAO 45 RAO
Pixel size (mm) 6.0 6.5
Technique to simulate 1 pixel shift in view 17 +1 pixel (views 17-32) —0.5 pixel (views 1-16)

and all subsequent frames +0.5 pixel (views 17-32)
Pre-SPECT filter 2D Hanning (goes to zero at 2D Metz

Y2 sampling frequency)

Bull's-eye program References 2, 4 Cedars-Sinai like (8)
Normal file Ref. 5 (50 males; 50 females) Cooper et al. (1)
Criteria for abnormal SPECT #°'TI myocardial References 6, 7 Cedars-Sinai (8)

perfusion scan
Sensitivity/Specificity SPECT 2°'TI myocardial References 6, 7 Unknown

perfusion imaging
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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.

Robert L. Eisner
Carlyle Fraser Heart Center

Crawford Long Hospital of

Emory University

Emory University School of Medicine
Atlanta, Georgia
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