
viable myocardium in patients with AMI. In this study,
the relationship between the extent ofviable myocardium
and thallium uptake on the delayed images was estab
lished in three ways. First, average thallium activity
within the occluded bed was correlated with regional wall
motion in that bed at baseline. Second, the increase in
thallium uptake within the occluded bed after attempted
angioplasty of the IRA was correlated with improvement
in regional function in that bed. Finally, pre-angioplasty
thallium uptake in the occluded bed was correlated with
wall motion score in that bed after attempted angioplasty.

METHODS

PatientPopulationandStudyProtocol
Fifty-sevenconsecutive patients with recent AMI who were

found to have a totally occluded IRA at cardiac catheterization
were included in this study. Their characteristics are depicted in
Table 1. The protocol was approved by the Human Investigation
Committee at the University of Virginia and all patients gave
informed consent. They underwent thallium imaging and two
dimensional echocardiography prior to and 1 mo after attempted
angioplasty of the IRA.

Thallium Imaging
Baseline thallium imagingwas performed after exercise in 23

patients (40%) and during rest in 34 (60%), whereas 1 mo post
angioplastyimagingwas performedafter exercise in all patients.
Approximately 2.0 mCi of thallium (Dupont Medical Products,
No. Billerica, MA) was injected 5 mm prior to obtaining the
initial images; the delayed images were obtained 2 hr later.
Images were obtained in the anterior and 45Â°and 70Â°left anterior
oblique projections and were analyzed using a previously de
scribed computer-assisted approach (1). After interpolative
background subtraction, thalliumactivity in each of the prey
ously described 11segments in the three views was expressed as
a percent of activity in the 9 x 9 pixel region with maximal
activity in that view (2).

The IRA bed was defined in the pre-angioplasty initial images
as the segments showing hypoperfusion. Thallium activity was
measured in these same segments in the delayed images both
prior to and after attempted angioplasty. The activity in all
segmentswithinthe IRAbed shownon the delayedimageswere
averaged and activity in the segment with the least thallium

We studied57 patientswith a recent infarctionand an oc
cluded infarct-relatedartery to test the hypothesisthat the
amountof @Â°1Tlon delayedplanarimagescorrelateswiththe
extent of viable myocardiumafter acute myocardialinfarc
tion.Therewasa significant(p < 0.001)correlationbetween
mean @Â°1Tlactivity in the infarct zone and regional wall mo
tionscore in that zone bothat baseline(r = â€”0.60,n = 57)
and 1 mo after attemptedangioplasty(r = â€”0.67,n = 48),
with better function being associated with greater 201Tlup
takein the delayedimages.Therewasno correlationbe
tween the number of segments showing redistribution and
the wall motion score. We concludethat in patients with
recent myocardialinfarctionand an occludedinfarct-related
artery, the average20111activitywithin the infarctzone on
delayed planar imaging correlates well with the extent of
viable myocardium in that zone. The presence or absence of
redistribution does not influence these results.

J NucIMed1993;34:728â€”736

n patients with acute myocardial infarction (AMI), the
uptake of 20111within the infarct zone may depend on the
amount of blood flow to and the extent of viable myocar
dium within that zone. When the infarct-related artery
(IRA)is totally occluded,flowto the infarctzone can
emanate only from collateral vessels from other myocar
dial beds. Moreover, since patients with AMI have a
mixture of normal, ischemic and necrotic tissue, the over
all thallium kinetics will be determined by how much of
the IRA bed consists of each of these types of tissues.
Finally, because of possibility of redistribution, the rela
tive thallium activity within a hypoperfused but viable
zone may be maximal on the delayed image.

Based on these considerations, we hypothesized that
the amount of thallium within an occluded bed on the
delayed planar images would correlate with the extent of
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TABLE I
PatientCharacteristics

Number of patients: 57
Gender:40 men(70%),17 women(30%)
Age: 56 yr (range 36â€”77yr)
Periodbetweeninfarctionandbaselinestudy:2â€”36days(mean=

12 Â±8 days)
Q-waveInfarction:42 patients(74%)
Peak creatine kinase levels: 1704 Â±1443 for 0-wave Infarction

versus805 Â±482fornon-Q-waveinfarction(p = 0.05)
Infarct-relatedartery: Leftanteriordescendingin 19 (33%)

Left circumflex in 6 (11%)
Right coronary in 32 (56%)

Multivesselcoronaryarterydisease:20 patients(35%)
Priormyocardialinfarction:11 patients(19%)
Postlnfarctionischemia(chestpainwith EKGchanges):14

patients(25%)

knowledgeof the results of either the angioplasty or thallium
imaging. A change in wall motion score by at least one grade
was considered to represent a change in regionalfunction.

Statistical Methods
Data were analyzedusingRS/1(Bolt, Beranek and Newman,

Cambridge,MA)(4). Continuousdata were expressed as mean
Â± 1 s.d. and comparisons between groups were performed using

either the unpaired Student's t-test or analysis of variance.
Categorical data were expressed as proportions and compari
Sons between groups were performed using either the chi square
or Fisher's exact test. Differences between groups were consid
ered significant at p < 0.05 (two-sided). Correlations were per
formedusingeither linearregression(continuousdata)or Spear
man's rank (ordinal data) tests.

RESULTS

All Patients
There was a significant (p < 0.001) negative correlation

between peak serum creatine kinase levels and thallium
activity within the IRA bed. The correlation coefficient
was â€”0.56for mean thallium activity and â€”0.62for the
lowest thallium activity within the IRA bed (Fig. 1).
There was also a significant (p < 0.001) inverse correla
tion (rho = â€”0.60)between mean and lowest thallium
activity in the IRA bed and two-dimensional echocardi
ography assessed regional wall motion score at baseline.
Figure 2 illustrates box plots depicting the relationship
between mean thallium activity in the IRA bed and re
gional wall motion score. In the 16 patients with either
normal motion or mild hypokinesia, the activity was 83%
Â±11% compared to 75% Â±11% in the 22 patients with
severe hypokinesia and 65% Â±9% in the 19 patients with
either akinesia or dyskinesia (p < 0.001).

Mean thallium uptake in the IRA bed was significantly

FIGURE 1. Relationship between thai
hum activity in the segment within the IRA
bed showing the least perfusion (y-axis)
andpeakcreatinekinaselevels(x-axls)in
patientswithrecentmyocardialinfarction.

uptake was also noted. Improvement in thallium uptake after
angioplasty was defined as an increase of at least 5% in average
activity within the IRA bed. In addition, the presence or ab

sence of redistribution was also noted in each segment in the
pre-angioplasty images. If the ratio of thallium activity between
hypoperfused and normal segments was greater in the delayed
image compared to the initial one, redistribution was considered
to be present (1). It was not required that this ratio be close to
unity in the delayed image as long as it was higher than in the
initial image.

Two-Dimensional Echocardlography
Two-dimensional echocardiography was performed using

standard parasternal and apical views. The studies were re
viewed by two blinded observers. Wall motion within the infarct
zone was scored using a previously defined method where 1 =
normal function; 2 = mild hypokinesia; 3 = severe hypokinesia;
4 = akinesia; and 5 = dyskinesia (3). The 1 mo postangioplasty
images were compared with the pre-angioplasty images without
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lower (p < 0.01) in the 19 patients with an occluded left
anterior descending artery (67 Â±12) when compared to
the 6 with an occluded left circumflex (79 Â±11) and the 32
with an occluded right coronary artery (77 Â±20). There
was a weak (r = 0.40) but significant (p < 0.01) relation
ship between wall motion score and the number of seg
ments subtended by the IRA. When wall motion was
normal or exhibited only mild hypokinesia, the number of
segments subtended by the IRA was 3 Â±1 compared to
4 Â±2 and 5 Â±1 when severe hypokinesia or akinesia/
dyskinesia, respectively, were present.

Twenty-seven of the 57 patients (47%) demonstrated
redistribution; in three-fourths it was incomplete. Inter
estingly, the wall motion score was slightly worse in
those showing redistribution (3.3 Â±0.9 versus 2.8 Â±0.9,
p = 0.06). There was no correlation between the number
of segments with redistribution and the wall motion
score. When multivariate analysis was performed, the
only significant correlate of wall motion score was the
average thallium activity within the IRA bed in the de
layed images. The presence or absence of 0-waves, prior
infarction, multivessel coronary artery disease and redis

FiGURE 2. Relationshipbetweenregionalwailmotionscore
(x-axis) and average thallium activity within the IRA bed deter
mined from all three views (y-axis)at baseline.Thallium activity
inthisandthenexttwofiguresisdepictedas boxplotswherethe
centralhorizontallineineachboxdenotesthemedian;theupper
and lowerhorizontallinesdenotethe upperand lowerquartile
(levelscontaining25% ofthedataaboveandbelowthemedian,
respectively);and the tails denote the high and low ranges of
values.Wallmotionscoresare as follows:I = normal;2 = mild
hypokinesia; 3 = severe hypokinesia; 4 = akinesia; and 5 =
dyskinesia.
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FIGURE 3. Relationshipbetweenregionalwallmotionscore
(x-axis)andaveragethalliumactivItywithinthe IRAbeddeter
minedfrom all three views (y-axis) I mo after attemptedangio
plasty.Thewallmotionscoresarethesameas in Figure2.

tribution and the number of segments subtended by the
IRA on thallium imaging did not correlate with wall mo
tion score.

These results were not influenced by the imaging pro
tocol used. Thallium activity within the IRA bed in the
delayed images was similar in the 23 patients undergoing
exercise and the 34 undergoing rest imaging (73% Â±12%
versus 75% Â±13%, p = 0.50). The occurrence of redis
tribution was greater in patients undergoing exercise
compared to rest imaging (61% versus 38%, p = 0.10). In
those imaged at rest, the average thallium activity was
only marginally greater (mean of 2.9 Â±3.9, p = 0.01) in
the delayed images compared to the initial ones.

All Patients with Follow-Up
Of the 57 patients, 7 did not undergo repeat 1 mo

two-dimensional echocardiography and thallium imaging;
1 died; 1 had bypass surgery within 2 wk of angioplasty;
and 5 failed to return for the repeat studies. In addition,
two had normal wall motion at baseline which could no@
have improved any further after angioplasty. Therefore,
48 patients were analyzed for changes in wall motion
score and thallium uptake 1 mo after attempted angio
plasty. A significant (p < 0.001) correlation (rho = â€”0.67)
was noted between wall motion score and mean thallium
activity within the IRA bed in the delayed image 1 mo
after attempted angioplasty (Fig. 3). A close correlation
(rho = 57, p = 0.001) was also noted between change in
wall motion score and change in mean thallium activity
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Pre PostpVariable
angioplastyangioplastyvalue

SuccessfulUnsuccessfulangioplastyangioplastypVariables

analyzed (n = 38)(n = 10)value

LAD = left anteriordescendingartery and Seg. = numberof
segments(totalof 11).

TABLE 3
Comparisonof Wail MotionScore and ThalliumActivity

Withinthe InfarctBed at Baselineand 1 MonthAfter
Attempted Angioplasty
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CHANGE IN WALL MOTION SCORE

Patients with unsuccessful angioplasty (n = 10)
Wallmotionscore 3.3Â±0.8 3.3Â±0.8 0.99
Meanthalliumactivity 69 Â±8 67 Â±8 0.14

Patients with successful angioplasty (n = 38)
Wallmotionscore 3.1Â±0.9 1.9Â±0.9 0.0001
Meanthalliumactivity 75 Â±12 81 Â±11 0.001

With lowerwall motionscores,there is betterregionalfunction.

baseline characteristics between these two groups of pa
tients. Importantly, wall motion score and mean thallium
activity were similar between the two groups.

Patients with Unsuccessful Angioplasty
There was no change in mean wall motion score 1 mo

later in the 10 patients with unsuccessful angioplasty (Ta
ble 3). In six patients, wall motion score did not change,
while in two it improved by one grade and in two it
worsened by one grade. Similarly, there was no overall
change in mean thallium activity within the IRA bed
(Table 3). It remained unchanged in five patients, im
proved by > 5% in one and worsened by > 5% in four.

Patients with Successful Angioplasty
Unlike those with unsuccessful angioplasty, the 38 pa

tients with successful angioplasty showed significant im
provement in wall motion score 1 mo later (Table 3).
Figure 5 illustrates wall motion score in each of these
patients before and 1 mo after successful angioplasty.
Compared to 27 patients (71%) with severe wall motion

FIGURE 5. Wallmotionscoresin38patientsbeforeand1mo
aftersuccessfulangioplasty.

FIGURE 4. Relationshipbetweenchangeinregionalwallmo
tion score (x-axis) and change in average thalliumactivitywithin
the IRA bed (y-axis) I mo after attempted angioplasty.

within the IRA bed, with greater improvement in thallium
activity being associated with greater improvement in
wall motion score (Fig. 4).

Of these 48 patients, 38 had successful angioplasty with
sustained reperfusion, whereas 10 did not, 7 had initial
unsuccessful angioplasty and 3 had reocclusion. Table 2
shows that there were no significant differences in the

TABLE 2
Comparisonof BaselineCharacteristicsBetweenPatients

With and WithoutSuccessfulAngioplasty
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Age (yr)57 Â±1052 Â±90.12Males
(%)63700.99Days

afterinfarction12 Â±910 Â±40.80Prior
infarction(%)16400.18Q-wave

infarction(%)711000.09Peak
creatinekinase1 232 Â±11511 997 Â±12030.08Multivessel

disease(%)26500.25Occluded
LAD(%)42200.72Collateral
grade1 .8 Â±0.91 .6 Â±0.90.54Wall

motionscore3.1 Â±0.93.3 Â±0.70.43Mean
thalliumactivity75 Â±1269 Â±80.19Seg.

withhypoperfusion3.9 Â±1.64.9 Â±2.00.10Redistribution
(%)58500.73 PREANGIOPLASTY POSTANGIOPLASTY
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FIGURE 6. Delayedthalliumimagesbefore(upperpanel)
and I mo after (lowerpanel)successfulangioplastyof the left
anteriordescendingartery in a patientwith anteriorAMI. The left
panel depicts the anterior projection,while the middle and right
panelsdepictthe 45Â°and 70Â°left anteriorobliqueprojections,
respectively.

abnormality prior to angioplasty (severe hypokinesia to
dyskinesia), only 7 (18%) had severe wall motion abnor
mality 1 mo after successful angioplasty (p < 0.001).
Seventeen patients improved their wall motion score by 1
grade and 14 patients improved it by more than 1 grade;
in 7 patients there was no change in the wall motion
score.

The patients with successful angioplasty also showed
improvement in mean thallium activity 1 mo later (Table
3): 22 showed an increase in activity by > 5%; 4 exhibited
a decrease in activity by > 5%; whereas in 12 patients the
activity remained unchanged. There was a fair but signif
icant (p = 0.01) correlation between pre-angioplasty
mean thallium activity within the IRA bed and postangio
plasty wall motion score (rho = â€”0.50)as well as be
tween change in mean thallium activity and change in
wall motion score (rho = â€”0.51).There was no associa
tion between the presence of redistribution before angio
plasty and change in wall motion score after angioplasty.
Wall motion score improved by 1.3 Â±0.8 in patients with
redistribution compared with 1.0 Â±0.6 in those without
redistribution (p = 0.30).

Figures 6 and 7 illustrate examples of delayed thallium
images obtained before and after successful angioplasty
of the left anterior descending coronary artery in two
patients who showed improvement in wall motion score
within the IRA bed. Several important points are illus
trated. First, neither of these patients exhibited redistri
bution. Second, the value of measuring activity within the
IRA bed from all views is illustrated from these exam
ples. In Figure 6, whereas the interventricular septum
shows the least activity (47%), the average activity in all
hypoperfused segments (the anterolateral and anterior
walls and 70Â°left anterior oblique projections, respec
tively) is higher (60%). This patient had akinesia in the
infarct bed which improved to mild hypokinesia after
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FIGURE 7. Delayed thalliumimages before (upper panel)
and 1 mo after (lower panel) successful angioplastyof the left
anterior descending artery in a patient with anterior AMI. The left
panel depicts the anterior projection,while the middle and right
panels depict the 45Â°and 70Â°left anterior oblique projections,
respectively.

angioplasty. The mean thallium activity within the IRA
bed increased to 84%, with the activity in the interven
tricular septum increasing to 59%.

Figure 7 is an example of a patient with a large anterior
AMI who also had akinesiaof the IRA bed. Whereas the
thallium activity in the most abnormal segment (the an
terolateral wall in the anterior view) is 36%, the average
thallium activity within the IRA bed, including the inter
ventricular septum and anterior wall in the 45Â°and 70Â°left
anterior oblique projections, respectively, is higher
(55%). One month after successfulangioplasty, wall mo
tion improved to mild hypokinesia and mean thallium
activity within the IRA bed improved to 66%. Wall mo
tion within the segment with the most severe defect also
improved with thallium activity within that region, in
creasing to 45%. Finally, the value of quantitation of
images is apparent from this illustration. Although on
visual inspection no thallium activity was noted within
the most abnormal segment in the anterior view, the
measured activity within that region was 36% of normal
activity.

DISCUSSION

Thallium Activity and MyocardialViability
Thallium is a K@ analog (5) and in a viable cell, the

intracellular concentration of K@ is approximately 40-
fold higher than its extracellular concentration. Like K@,
thallium requires an active Na@-K@pump to enter a cell
(5). A viable cell will extract thallium on every pass
through the coronary circulation in order to achieve a
40-fold transmembrane gradient. As the extracellular
concentration of thallium decreases, the intracellular con
centration will also decrease while maintaining a 40-fold
transmembrane gradient. In contrast, loss of membrane
integrity will preclude thallium from accumulating within
a necrotic cell (7). This simple principle forms the theo
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retical basis for using thallium as a marker of myocardial
viability.

For a cell to be viable, it must receive blood flow. Most
myocardial cells will remain viable at blood flows as low
as 20% of normal (8, 9). Following coronary occlusion,
the endocardium usually undergoes necrosis because of
lower blood flows (< 20% of normal), while the epicardial
and lateral zones survive because of the presence of
collateral flow (9). Because of its limited spatial resolu
tion, thallium imaging cannot differentiate between endo
cardial and epicardial regions. Consequently, counts on
thallium imaging represent an average transmural thal
hum uptake. Unless the entire thickness of the myocar
dium has been infarcted, some thallium uptake will be
noted in the IRA bed as long as there is flow to that bed.
As demonstrated in the present study, the more thallium
present in the IRA bed, the smaller the infarct (as mea
sured by peak serum creatine kinase levels) and greater is
the amount of viable myocardium.

We found a significant correlation between mean thal
hum activity within the IRA bed and regional function
both before and after attempted angioplasty. We also
found a significant relationship between the increase in
thallium activity within an IRA bed following attempted
angioplasty and improvement in regional function in that
bed. The increase in thallium counts within the IRA bed
after successful angioplasty indicates that some cells
were viable and able to extract more thallium due to the
restoration of higher anterograde flow. The positive cor
relation between the increase in activity within the IRA
bed and the improvement in regional function after suc
cessful angioplasty further suggests that thallium uptake
within the IRA bed indicates myocardial viability.

Redistribution and Myocardial Viability
The accumulation of thallium within an ischemic but

non-necrotic myocardial bed over time has been termed
â€œredistributionâ€•(10â€”12).The presence of redistribution
has, therefore, been used as an indicator of myocardial
viability (10, 13â€”15).Unfortunately, the absence of redis
tribution has been construed as the absence of myocar
dial viability. In patients with AMI, the IRA bed consists
of a mixture of necrotic, ischemic and normal tissue. As
such, each type of tissue handles thallium differently and
the mean activity will depend on the overall composition
of the IRA bed.

Let us take a simple example of a patient with AMI in
whom 50% of the IRA bed is necrotic, while the other
50% receives normal blood flow at rest from collateral
vessels (Fig. 8). Because 50% of the IRA bed is composed
of necrotic tissue showing no thallium uptake and 50% of
normal tissue showing normal thallium uptake, the aver
age activity within the IRA bed on the initial image (Panel
B) will be 50%of that in the normalbed (Panel A). If 20%
of the thallium washes out from the normal myocardium
by the time the delayed images are obtained, then the
normally perfused tissue within the IRA bed will also lose
20% of its thallium, while the necrotic tissue will continue
to demonstrate no activity. Consequently, the average
activity within the IRA bed in the delayed image (Panel
B) will still be 50% of that in the normal myocardium in
the same image (Panel A) making the IRA bed appear to
have a severe persistent defect despite 50% of that bed
being normally perfused.

If this same patient exercises, collateral blood flow
within the IRA bed would not increase by the same mag
nitude as flow to the normally perfused myocardium.
Theoretically, this relative hypoperfusion induced by cx
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ercise should reverse on the delayed image. The apparent
reversal, however, depends on several factors. The de
gree of disparity in thaffium activity in the initial images
will influence whether redistribution can be detected in
the delayed images. Therefore, the greater the degree of
disparity in the initial images, the greater the likelihood of
seeing this disparity decrease in the delayed images. It is
for this reason that we noted redistribution twice as fre
quently during exercise than during rest. The timing of
the initial image can also be crucial. If the initial images
are obtained relatively late after thallium injection, sig
nificant redistribution may already have occurred. Fi
nally, the noise inherent in thallium images can be a
source of substantial error in determining whether a
change has indeed occurred in the thaffium activity ratio
between normal and hypoperfused images over time.

Quantitative Versus Visual Assessment of Thallium
Images

When only visual assessment of images is performed,
not only can redistribution be missed, but the amount of
thallium within an IRA bed can be grossly underesti
mated (16). Therefore, it is not surprising to visually
determine myocardial segments as â€œdeadâ€•on thallium
imaging (dense defect and no redistribution), while dem
onstrating myocardial metabolism on positron emission
tomography (PET) (17). Myocardial cells cannot, how
ever, be viable without blood flow and â€œabsenceâ€•of
thallium on delayed images may merely indicate that its
uptake is being underestimated by visual inspection.

One reason for the underestimation of thallium activity
by visual inspection may be due to the use of high-con
trast x-ray film used for processing images. Figure 9
illustrates the characteristic curve of a widely used single
emulsion film where the log relative exposure on the
x-axis can be translated to thallium activity. Conse
quently, if a region of the myocardium receives maximal
counts so as to produce a log relative exposure of 24 units
and an x-ray film density of close to 4 units, half the
counts (equal to a log relative exposure of 12) will hardly
produce any density on the x-ray film. Furthermore, de
pending on which part of the curve is examined, the same
difference in the log relative exposure can result in vari
able differences in x-ray density. For instance, log rela
tive exposures of 16 and 20 (difference of 4) will appear as
distinctly different densities on the film while those of 8
and 12 (also a difference of 4) will look similar. Other
factors, such as film exposure time, will also affect the
relative densities on the x-ray film. It is only by quanti
tation of the digital background-subtracted data that ac
tual counts within a myocardial bed can be determined.
Even viewing images on computer screens is not ade
quate because of the inherent limitations of the human
eye in discerning grey shades.

Comparison with PrevIous Studies
It has been previously demonstrated that patients with

â€œfixedâ€•defects can improve regional function after Un
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FIGURE 9. Relationshipbetweenlogrelativeexposure(x
axis)and x-ray density (y-axis)on high-contrast,single emulsion
x-rayfilmresultsinâ€œseveredefectsâ€•evenwhenthalliumactMty
is30%-50% of normal.

dergoing revascularization (18, 19). Such patients have
been shown to have viable myocardium within regions
with â€œfixeddefectsâ€• on the basis of â€˜8F-fluorodeoxy
glucose uptake during PET (17). Based on this â€œfowl
metabolism mismatch,â€• it has been erroneously con
strued and popularized that markers of blood flow, such
as thallium, are poor indicators of viability and that dem
onstration of metabolic activity on PET is required to
define the presence of viable myocardium (17).

Because thallium cannot accumulate within nonviable
cells, different imaging algorithms have been suggested to
enhance the discrimination between nonviable and viable
myocardium using thallium. One such algorithm recom
mends that if redistribution is not noted on the conven
tional delayed image (2â€”4hr postinjection), then 24-hr
imaging should be performed to give enough time for
redistribution to occur (20). Using such an approach,
regions that do not show fill-in on the routine delayed
images may sometimes show better fill-in on the 24 hr
images (20). We have found that redistribution occurs
almost immediately after thallium injection and can be
quantitatively determined 2 hr postinjection even if visual
fill-in has not occurred (21). These same segments show
visual fill-in later (21).

Another recommended approach involves reinjection
of thallium if redistribution is not noted on the postexer
cisc delayed images (22,23). Reinjection at rest allows
more thallium to enter myocardial tissue that may be
viable but which shows a fixed defect 2â€”4hr after exer
cisc. Moreover, the problem with reduced count statistics
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inherent in 24 hr imaging is minimized. Once again, how
ever, we have demonstrated that this method does not
improve upon the detection of redistribution using
quantitative techniques (24). Although fill-in is visually
more apparent after reinjection, it invariably occurs
within regions that quantitatively demonstrate redistribu
tion.

LimitationsoftheStudy
We did not have many patients with severe reduction

(< 35%)in averagethallium activity. If suchpatients had
been present in our study, we could have conceivably
established the â€œthresholdâ€•of thallium activity below
which the myocardium may not show recovery in func
tion despite restoration of anterograde flow. On the other
hand, finding such a threshold may be elusive because the
gamma camera's sensitivity may be too low to detect
thallium in regions where blood flow is so low as to cause
transmural necrosis. Therefore, it could be argued that
evidence of any thallium uptake within an IRA bed may
represent viable tissue. As has been demonstrated in our
study, the presence of greater amounts of thallium mdi
cate the presence of more viable myocardium.

Because it is not possible to register exactly myocar
dial segments on planar imaging and those on two-dimen
sional echocardiography, we believe that averaging activ
ity within an IRA bed from all views is reasonable. It is
possible, however, that â€œshinethroughâ€• from normal
overlying or underlying tissue could have affected our
results. Thallium activity within the most hypoperfused
segment in any single view, however, also correlated well
with regional function.

Finally, in some patients we used rest images and in
others we used exercise images for the pre-angioplasty
data analysis. However, since we analyzed only the de
layed images, the results from both subsets of patients
were comparable. Similarly, we compared rest images
pre-angioplasty with exercise images postangioplasty in
some patients. Since we only compared the relative thal
hum activity in the delayed images, the different imaging
protocols would not have influenced our results.

Clinical Implications
Our results indicate that in patients with recent AMI

and a totally occluded IRA, the amount of thallium ac
tivity within the IRA bed on delayed planar thallium
imaging correlates with the extent of viable myocardium
within that bed. Greater amounts of thallium present in
these images indicate greater extents of viable myocar
dium. The presence or absence of redistribution does not
influence these results. Further studies are required to
define the usefulness of this approach in the day-to-day
management of unselected patients with AMI.
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SELF-STUDY TEST

SkeletalNuclearMedicine
QuestionsaretakenfromtheNuclearMedicineSelf-StudyProgram1,

publishedbyTheSocietyofNuclearMedicine
u.ff@@i I iuur.@

Items1-3 consistof a questionor incompletestatementfollowedby five letteredanswersor completions.Selectthe
one lettered answer or completion option that is best in each case. Answers may be found on page 814.

1. The â€œflareâ€•phenomenonin bonescintigraphyrefersto
which one of the following?

A. Anincreaseinuptakeinhealingmetastasesfollow
ing therapy.

B. The extended pattern seen with primary bone
tumors.

C. The flame-like edge seen in long-bone lesions of
Paget's disease.

D. The persisting minimaluptake seen in regressing
metastases.

E. The calvarial flame seen in the skull on oblique
views.

2 . Which one of the followingmechanisms is most impor
tant in causing locally increased uptake of a bone
seeking radiopharmaceutical in an osseous lesion?

A. Increasedbloodflow.
B. Increasedcompactbonemass.
C. The presence of excessive organic matrix.
0. Increasedlocalalkalinephosphataseactivity.
E. Increasedsurfaceareaof hydroxyapatitecrystals

per unit volume of bone.

3. A 65-year-oldmanwithnewlydiagnosedcarcinomaof
the prostateis referredfor skeletalscintigraphy.Figure
1 is a posterior image of the peMs. Based on the scinti
graphic findings, the most appropriate next step is
which one of the following?

A. Obtaina plainradiographofthepelvis.
B. Repeatthe pelvic scintigramafteradministrationof

furosemide.
C. PerformSPECTof the pelvis.
0. Perform67Gascintigraphy.
E. Obtaina caudalscintigramof the pelvis.

True statementsregardingradionuclideimagingof fractures
includewhichof the following?

4. Tibialstressfracturesand shinsplintsare generallyin
distinguishable by @â€œTcscintigraphy.

5. Infected and noninfected hypertrophic pseudo
arthroses can be distinguished reliably by the finding
of a high concentration of 67Gaat the fracture site.

6. The @â€œTcMDPscintigraphicabnormalitiesin a fracture
often develop more slowly in patients over 70 years of
age than in younger patients.

7. The finding of normal or minimally increased @â€˜Tc
MDP uptake at a site of delayed union indicates a high
likelihood of healing with piezoelectric stimulation.

8. Vertebralcompressionfracturesusuallyhavereturned
to a normal scintigraphic appearance by 6 months
after injury.

Three-phase bone scintigraphy reliably distinguishes
9. cellulitisfromosteomyelitis.

10. periarticularcellulitisfromsepticarthritis.
I I . acuteosteomyelitisfromrecentfracture.
12. osteomyelitisfromosteoid osteoma.
13. activePaget'sdiseasefromacuteosteomyelitis.

True statements concerning the scintigraphic diagnosis of
osteomyelitis include which of the following?
14. Intensefocal concentrationof 67Gain a knownregion

of chronic osteomyelitis is highly suggestive of active
infection.

15. Imagingwith 1111n-labeledleukocytesis less sensitive
for detecting chronic than acute osteomyelitis.

Figure1
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(continuedon page 814)
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