
n our early experience with stress-redistributionthal
lium-20l (2OPfl)single photon emission computed to
mography (SPECT) (1984â€”1986), we observed that
many apparently normal patients demonstrated revers
ible inferior and basal inferoseptal myocardial perfusion
defects. We detected a systematic cause for this high
frequency of false-positive responseâ€”a phenomenon
we have termed â€œupwardcreep of the heart.â€•This
phenomenon was discovered through review of a sum
mated image of the 32-frame acquisition routinely ob
tamed prior to image reconstruction (1). Normally the
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lower border of the summated heart image inscribes a
horizontal line. In many patients without evidence of
disease the bottom edge of the heart demonstrated
gradual upward motion across the summated image.
The position of the heart was lower (more inferior) in
the beginning than at the end of acquisition. The pur
pose of this study was to determine the frequency and
determinants of â€œupwardcreepâ€•in normal patients,
and the frequency with which this phenomenon is
associated with artifactual defects on stress-redistribu
tion 20â€•flSPECT imaging.

PATIENT POPULATION

The frequencyofupward creepwasassessedin four patient
groupsstudiedbetween 1984and 1986(group 1-4), and one
studied in 1987 (group 5). All patients were referred for testing
becauseof suspectedor knowncoronaryartery disease.
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A new causeof artifactual @Â°@Tldefectson singlephotonemissioncomputedtomography
(SPECT) termed â€˜upwardcreepâ€•of the heart is described. In 102 consecutive patients
undergoing@Â°1TISPECT,30 (29%)demonstratedupwardcreepdefinedby an upward
movement of the heart of 2 pixels during acquisition. In 45 consecutive patients with a <5%
likelihoodofcoronaryarterydisease,17 (38%)hadupwardcreep.Oftheseninehad
reversible@Â°1TIdefectslocalizedto the inferiorandbasalinferoseptalwalls,whilenoneof the
28 withoutupwardcreep haddefects.The 17 low likelihoodpatientswith upwardcreep had
longerexercisedurationandhigherpeakheartrate thanthosewithoutupwardcreep.In five
additionallow likelihoodpatientswith upwardcreepin whomimagingwas immediately
repeated, the upward creep pattern disappeared on the repeated images. After we changed
ourtest protocolto begin imaging15 mmpostexercise, onlyfive (14%)of 36 low likelihood
patients tested demonstrated upward creep. Upward creep is probably related to a transient
increasein meantotal lungvolumeearlyfollowingexhaustiveexercise,resultingin a mean
lowerpositionof the diaphragm(andthus the heart)at the beginningof imaging.The
frequencyof this sourceof false-positive@Â°@Tlstudiescanbe reducedby delayingSPECT
acquisitionuntil 15 mmpostexercise.
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Group 1 consisted of 102 consecutive (mean age 56.9 yr.
range 35 to 84 yr, with 84% males) but unselected patients
who underwentstressredistributionSPECTthallium imaging.

Group 2 consisted of 45 consecutive patients (mean age
51.2 yr, range 35 to 77 yr, with 67% males) with a <5%
likelihood ofcoronary artery disease before 201T1testing based
on serial Bayesian analysis of age, symptoms classification,
risk factorsand resultsof the stresselectrocardiogram(2).

Group 3 consisted of 11 consecutive patients (mean age
52.2 yr, range 42 to 66 yr, 100% males) who underwent
coronaryangiographyfollowing an abnormal thallium scinti
graphic study and were found to have normal coronary arte
riograms.

Group 4 consisted of five additional patients (mean age
44.6 yr. range 29 to 54 yr, 100%males) with <5% likelihood
ofcoronary diseaseand upwardcreepduringthalliumscintig
raphy in whom the thallium study was repeatedimmediately
following the initial post-stress acquisition.

Group 5 consisted of 36 low likelihood patients (mean age
51.6 yr, range 28 to 77 yr. with 59% males) in 1987 in whom
initiation of thallium tomographic post-stress imaging was
delayedan additional 5 mm, thus starting15mm postexercise.

METhODS

Exercise and imaging procedures
Patients were requested to withhold beta blocking medica

tion for 48 hr and calcium blocking medication for 24 hr prior
to testing. All patients underwent maximum-tolerated tread
mill exercise testing using the Bruce protocol. One minute
before termination of exercise, 3 mCi of 2o'@flwas injected
intravenously.Beginningfive to ten minutes and then three
to five hours after 201T1injection, tomograms were obtained
by means of a large field-of-view camera (Siemens Orbiter, or
GE 400AT)with an all-purpose,parallelhole collimator.A
20% energy window centered on the 80-keY x-ray peak and a
second 10% energy window centered on the 167-keV x-ray
peak on 2o'@flwere employed.Thirty-twoequidistant projec
tions were obtained over 180Â°,from the 45-degree right ante

nor oblique (RAO) to the 45-degree left posterior oblique
(LPO). Each ofthe 32 projections was acquired for 30 sec. All
data were stored in a 64 x 64 x 16 bit computer matrix. The
spatial resolution of the system was 18mm full width half
maximum for 201Tl.Prior to imaging, two point sources were
placed on the chest wall, 5cm to the right of the sternal
border, one superior and the other inferior to the heart to
monitor vertical patient motion during acquisition.

ComputerProcessingandAnalysis
Priorto reconstruction,the 32 frameswere added together

to form a â€œsummatedâ€•image. If no vertical patient motion
occurred during the acquisition period, the point sources
inscribed a horizontal line across the field of view (1). The
upper and lower borders of the heart should also inscribe a
horizontal line across the summated image, parallel to that
inscribedby the point sources.Upward creep of the heart is
noted when the upper and/or lower bordersof the heart shift
superiorly(from rightto left) so that the position of the heart
appears more superior to the end of the acquisition than at
the beginningofacquisition (Fig. 1).We assessedthese borders
visually and measured the amount of upward creep of the
heart as the number of pixels that the heart shifted upward
from the beginning to the end of acquisition.

After correction for nonuniformity and center of rotation,
the unreconstructedimagesweresmoothed usinga three point
algorithm (1-2-1). Images were then reconstructed using a
commerciallyavailableprogram(MDSA3)employinga But
terworth filter with a cutoff of 0.2 Nyquist, order 5. The
tomograms were reoriented into the short axis and vertical
long axis views (3). Representativeslices from the apical, mid
ventricularand basal regions of the short axis views and the
vertical long axis viewswere analyzed visually,as shown in
Figure 2, by 2 experienced observers. A four-point scoring
system was assigned to six segments for each short axis view
and the two apicalsegmentsin the verticallongaxis views:0
= normal, 1 = mildly decreased, 2 = moderately decreased,

and 3 = severelydecreasedthallium uptake.A segmentalscore
2, in 2 segmentswasconsideredabnormal (4).

FIGURE 1

Summatedimages of a patient in
group4 demonstratingupwardcreep
on the immediatepost-stressacqui
sition(left),andno upwardcreepon
repeatimagingimmediatelyfollowing
the post-stress acquisition (right).
Theheartis in the middleof the field
of view while the horizontal lines on
the top andbottomof the imageare
the two summated point sources.
The right hand edge of the heart
repre@bntsthe initial frame (image
no. 1) while the left handedge rep
resentsthe last (imageno. 32) ac
quired image.
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TABLEIAelationship

BetweenDegreeof UpwardCreepandFrequency
of Defects in Patients with Low LikelihoodofCAD

(group2)No.
ofpixelsof No.ofFrequencyupward

creep patients ofdefects0

200(0%)1
91(11%)2

113(27%)3
5 5(100%)

VERTICAL
LONG AXIS

SHORT AXIS

APICAL MID-VENTRICULAR BASAL

@A1Iiii@
ANTERIOR SEPTAL INFERIOR LATERAL

FIGURE 2

Diagrammatic @Â°1TlSPECT images
illustratingthe anatomicassignment
of left ventricular segments. APICAL

Statistical Analysis
The exercisetest variableswerecomparedusingthe un

paired t-test. The results are expressed as a mean Â±s.d. P
values <0.05 were considered significant.

RESULTh

Among the unselected 102 patients (group 1), 30
(29%) demonstrated upward creep 2 pixels, 22 had
upward creep of 1 pixel, and 50 had no upward creep.
Among the initially selected 45 low likelihood patients
(group 2), 5 (1 1%) had upward creep @3pixels, 12
(27%) had upward creep of 2 pixels, and 9 (20%) had
upwardcreep ofone pixel, on the immediate post-stress
images. None of the patients had upward creep on the
4-hr images. The relationship between the magnitude
of upward creep and the frequency and location of
thallium perfusion defects is shown in Table 1. The
frequency of thallium defects increased with increasing
magnitude ofupward creep. We compared the age, sex,
and exercise duration, and peak heart rate achieved in
the patients having â€œdefiniteâ€•upward creep defined as

2 pixel compared to those without upward creep
(upward creep si pixel) (Table 2). The patients with
upward creep had significantly higher means for exer
cise duration, peak exercise heart rate and percent
maximal predicted heart rate achieved. Age and sex
were not significantly different.

Among the 11patients with normal coronaryarteno
grams (group 3), seven had definite upward creep; all
seven had reversible inferior and/or inferoseptal wall
defects. One of the four patients with normal coronary
arteriograms but without upward creep also had a re
versible inferior defect. In the remaining three patients
reversibledefects were present in other walls.

In the five low likelihood patients who were imme
diately re-imaged following the detection of significant
upwardcreep (group 4), the thallium resultsdiffered in
the two studies. All five had reversible inferior and/or
inferoseptal defects on the immediate post-stress im

ages. On the repeat study, neither upward creep nor
thallium defects were present in any ofthe five patients.
Figures 1 and 3 illustrate the summated images and
representativeshort axis slices of a patient in group 4,
illustrating the disappearance of upward creep and its
associated perfusion defects in the immediately re
peated post-stress images.

In the low likelihood patients in whom SPECT im
aging was performed by our current routine involving
a 15-mn delay to initial SPECT imaging (group 5), a
lower frequency of upward creep was noted. Five of
these 36 patients (14%) demonstrated definite upward
creep, ofwhom 4/5 (90%) demonstrated defects.

DISCUSSION

Our study describesan important potential cause for
false positive thallium scans in patients undergoing
SPECT imaging: upward creep of the heart. In our
initial experience between 1984-1986, upward creep
occurred relatively frequently among 102 unselected
patients. Twenty-nine percent of these patients were
noted to have upward creep of the heart on immediate
post-stress thallium scintigrams. Moreover, a similarly
high occurrence of this phenomenon was noted in a
consecutively evaluated sample of patients with a very
low likelihood ofcoronary arterydisease. When upward
creep was considered â€œdefiniteâ€•(@2 pixels), there was

a high frequency of reversible inferior and inferoseptal
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TABLE 2
Comparisonof the ClinicalParametersin the Group2

PatientsWithandWithoutUpwardCreep
WIthout With upward

upwardcreep creep

Exerciseduration9.0 Â±3.41 1.5 Â±3.4p =0.04Peak
heartrate143.9 Â±12.3164.4 Â±12.4p=0.023%

Maximumpredicted92.3 Â±5.897.3 Â±5.8p =0.027heart
rateAge53.0

Â±1150.4 Â±7.7p =0.41Sex
(%males)71%59%p = 0.32

r@

3@-

0

Upward creep appears to be associated with exercise
to exhaustive levels. Although the mechanism is pres
ently ill-defined, we postulate that the mechanism in
volves an increase in mean total lung volume persisting
postexercise in period, with a consequent depression of
the diaphragm and lowered cardiac position. As the
patients gradually diminish their depth of ventilation
postexercise, the mean lung volume decreases and the
diaphragm and heart assume their normal baseline
positions. Waiting until 15 mm postexercise to begin
imaging reduces the frequency of upward creep; how
ever, 14% ofpatients still manifested upward creep. We
therefore, recommend that each patient be evaluated
prior to beginning tomographic imaging, by observing
the depth and frequency ofbreathing, and occasionally
delaying imaging an additional 5 mm in those patients
who do not appear to be at baseline after the standard
15-mm delay. Due to the problem of potential early
redistribution of @Â°â€˜Tl(5), which could result in de
creased sensitivity for initial defect detection, this ad
ditional delay is not routinely used. In the interval
between exercise and imaging, we routinely acquire a
5-mm planar anterior view. The benefit ofthis anterior
planar view, in addition to reducing the frequency of
upward creep, is to assess processes not well detected
by tomographic imaging, such as the degree of pulmo
nary thallium uptake (6) and the presence of transient
ischemic dilatation of the left ventricle (7). With the
technetium-99m isonitriles, which are routinely imaged
1 hour after injection, and which do not appear to
redistribute significantly (8), the problem of upward
creep is not likely to occur.

Knowledge ofthe phenomenon ofupward creep, use
ofsummated images to detect it, and delay ofthe initial
post-stress imaging to at least 15 mm, should reduce
the frequency of false-positive responses when 20â€•fl
SPECT myocardial scintigraphy is performed.
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FIGURE 3
Midventricular short axis slices of the
initial(left)andimmediatelyrepeated
(right) post-stress acquisition in the
same patient as shown in Figure 1.
The images with upward creep show

____________ the typicalpatternof an inferiorand
septal perfusion defect. The repeat
imageswithout upwardcreepshow
resolutionof the defects.

defects,occurringin 27%ofthe lowlikelihoodpatients
with 2 pixel upwardcreep and all patients with 3 pixel
upward creep. Before we learned to recognize this phe
nomenon, the abnormalities resulting from upward
creep were an important source of false-positive re
sponses among the patients who were referred for cor
onary arteriography.

Upward creep is seen only on the immediate postin
jection images and represents gradual movement of the
heart within the chest during data acquisition. Because
the heartdoes not stay in the same position throughout
imaging in these patients, there is misrepresentation of
the spatial data during computer reconstruction result
ing in an apparent defect. What led us to discover this
artifact was the observation that an unduly high pro
portion of our patients undergoing 2o'@fltomography
were found to have normal coronary arteriograms. Re
view of these cases revealed frequent inferior and in
feroseptal reversible 20â€•fldefects. These patients were
in all other respects normal by noninvasive testing. We
simultaneously noted from routine summed projection
images, obtained for assessment of patient motion (1),
that these patients demonstrated the upward creep pat
tern on the post-stress images but not on the four hour
studies, with the pattern unassociated with apparent
patient motion. Hence, we began to look for the occur
rence of upward creep, both in a prospective and ret
rospective fashion. After finding that the pattern dis
appeared on repeat imaging, we instituted our current
routine of delaying initial image acquisition until 15
mm post-stress.
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