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The aim of this study was to determine whether late redistribution
imaging after rest injection of 2°'Tl would provide further information
on myocardial viability over conventional rest-early redistribution
207T] imaging. Methods: Twenty-nine patients with coronary artery
disease and left ventricular dysfunction underwent rest, early (34
hr) and late (20-24 hr) redistribution 2°'Ti and gated blood pool
studies. In 14 patients with successful revascularization, gated
blood pool study was repeated after the coronary intervention.
Results: Nine of 29 patients showed early redistribution, and six
additional patients showed further redistribution on the late images.
Of 136 segments with initial 2°'T1 defects, 18 showed early redistri-
bution, and 10 showed late redistribution. When a threshold of 60%
of peak activity was used as an index of myocardial viability, only a
small fraction (3%) of the initial 2°'TI defects were additionally
considered viable by the late images. In 14 patients who underwent
revascularization, the positive (69%) and negative (87%) predictive
values of the early redistribution images for functional recovery were
similar to those obtained by the late images (68% and 86%,
respectively). Conclusion: Although late redistribution after rest
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injection of 2°'T1 occasionally occurs, most of the clinically relevant
information on myocardial viability may be obtained by conventional
rest-early redistribution 2°'Tl imaging when the defect severity is
considered an index of tissue viability.

Key Words: thallium-201; late redistribution; myocardial viability
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Detection of viable myocardium is an important issue in patients
with coronary artery disease (CAD) and left ventricular (LV)
dysfunction, in whom coronary revascularization is under consid-
eration (/,2). Viable myocardial areas are most likely to benefit
from revascularization, whereas revascularization of scarred myo-
cardium will not lead to improvement of LV contractile function.
It has been shown that 3- to 4-hr delayed imaging after stress
injection of 2°!' T frequently underestimates the presence of viable
myocardium within persistent defects, as evidenced by improved
myocardial perfusion after revascularization (3) or by metabolic
imaging with ['®F]fluorodeoxyglucose and PET (4,5). Modified
20MT] protocols, such as late redistribution imaging after stress
injection (6—8) and reinjection (9-/2), have been shown to
enhance the detection of viable myocardium.
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Rest/redistribution 2°' Tl imaging is another established non-
invasive diagnostic protocol for the detection of such viable, but
compromised, myocardium (/3,/4). Initial distribution of 2°' Tl
is considered to reflect myocardial blood flow at rest, whereas
redistribution 2°' Tl imaging is considered to reflect myocardial
viability rather than mere perfusion. Although preliminary
results suggest that late (18- to 72-hr) redistribution after rest
injection of 2°'T1 may occur (/5), the potential benefit of the
resting late redistribution protocol, as compared to conventional
rest-early (3- to 4-hr) redistribution protocol, has not yet been
fully elucidated.

This study was therefore conducted to determine whether late
redistribution imaging after rest injection of 2°'Tl would pro-
vide further information on m¥ocardial viability over conven-
tional rest-early redistribution *°' Tl imaging.

MATERIALS AND METHODS

Patients

This study consisted of 29 patients with CAD and global or
regional LV dysfunction. Only patients who had 2°' Tl defects in at
least one myocardial segment on initial resting °' Tl images were
considered eligible for the study. The patients ranged in age from
47 to 82 yr (mean, 67 yr); there were 20 men and 9 women.
Twenty-four (83%) patients had a history of previous myocardial
infarction (10 anterior wall infarctions, 13 inferior wall infarctions
and 1 anterior and inferior infarction). The mean LV ejection
fraction (LVEF) by radionuclide angiography was 39 * 10%. We
studied only patients with stable CAD; patients with unstable
angina or recent myocardial infarction (<4 wk before investiga-
tion) were excluded. Four patients had undergone previous percu-
taneous transluminal coronary angioplasty (PTCA), and another
patient had a history of coronary artery bypass grafting surgery
(CABG). All cardiac medications were continued during the study
without interruption. All subjects signed an informed consent form
based on the guidelines of the hospital’s human clinical study
committee before participating in the study.

Coronary Arteriography

Coronary arteriography was performed using standard percuta-
neous techniques and was performed during the same hospital stay
period of the radionuclide studies. Coronary stenosis was visually
assessed from multiple projections by at least three experienced
observers and scored using the following system: 0, 0%—25%; 1,
25%—-50%; 2, 50%—75%; 3, 75%—-90%; 4, 90%—99%; and 5, 100%.
A computer-aided quantitative analysis was performed in case of
disagreements in interpretation. When a significant coronary artery
stenosis was defined as >50% reduction in the luminal diameter,
15 patients had significant stenosis of all three vessels, 6 had
stenosis of two vessels and 8 had stenosis of one vessel (mean, 2.2
vessels per patient).

Rest-Redistribution Thallium-201 Imaging

All patients underwent initial rest and early and late redistribu-
tion 2°'T1 SPECT imaging. After an overnight fast, patients were
injected with 111 MBq (3 mCi) of °' T at rest, and SPECT images
were obtained 5-10 min (initial), 3—4 hr (early redistribution) and
20-24 hr (late redistribution) after injection.

Imaging was performed using a three-head SPECT system with
low-energy, high-resolution parallel hole collimators. The detector
system was interfaced to a dedicated nuclear medicine computer. A
total of 60 projection images were obtained over 360° in 6°
increments, with 30 sec per view for rest 2°! TI SPECT and 40 sec
per view for early and late redistribution 2°' Tl SPECT. The energy
discriminator was centered on 70 keV with a 20% window. The

data were recorded in 128 X 128 matrices on the magnetic disk. To
reconstruct transaxial tomographic images from each of the acqui-
sition data, Butterworth and Ramp filters were used. The parameter
of the Butterworth filter was order 8, and the cutoff frequency was
0.15 cycles/pixel. Short-axis slices, 3.2-mm-thick, were also gen-
erated. Then, four serial short-axis slices were added, resulting in
a thickness of 12.8 mm. For further analysis, all the image data
were transferred to a Macintosh-based image analysis system via
ethernet (/6).

Data Analysis

SPECT data analysis was performed on the basis of three
short-axis tomograms representing an apical, distal and basal left
ventricle chosen for each patient. After confirmation of image
registration, circumferential analysis was performed on an opera-
tor-defined region of interest drawn around the LV activity of each
tomogram. The center of each tomogram was determined, and the
region of interest was automatically subdivided into 128 sectors.
The maximum pixel activities within each sector for the rest and
early and late redistribution 2°' Tl images were normalized to the
peak activity, which was assigned as 100%. The activity in all other
myocardial regions was expressed as a percent of this maximum.
The sectors from distal and basal slices were then grouped into four
myocardial segments, corresponding to the septal, anterior, inferior
and lateral walls, and segmental activity was defined as the average
of the individual sector activities within that segment. The apical
myocardial activity was determined from the first apical tomo-
gram; the distal septal, anterior, inferior and lateral myocardial
activities were determined from the distal LV tomogram, and the
basal anterior, inferior and lateral myocardial activities were
determined from the basal LV tomogram. Thus, a total of 261
segments from 29 patients (9 segments per patient) were analyzed.
For comparison with coronary angiography, apical, anterior and
septal regions were considered to be supplied by the left anterior
descending artery, the lateral regions by the left circumflex artery
and the inferior regions by the right coronary artery (/7).

On the basis of this nine-segment model, each segment on the
initial resting image was visually determined to be normal or
abnormal by two experienced observers. An abnormal segment
required to have a regional activity of less than 75% of peak
activity. Disagreement in interpretation was resolved by consensus.
Abnormal segments by visual analysis were further subgrouped on
the basis of changes in regional activity on the subsequent early
redistribution images. An abnormal segment was considered to be
reversible if the regional activity increased by =10% from initial to
early redistribution image, whereas a segment was considered to be
irreversible if the change in regional activity was <10%. The
segments with irreversible 2°' Tl defects on the early redistribution
images were further subgrouped according to the presence or
absence of late redistribution, which was defined as a =10%
increase in activity from the initial to the late redistribution image.

On the basis of reduction in regional 2°' Tl activity on the early
or late redistribution images, a segment was considered viable if
the assigned regional activity was more than 60% of peak activity.
Conversely, a segment with severe reduction in regional activity
(=60% of peak) was considered nonviable. The use of 60% of peak
activity as the threshold for viability determination was based on
the value derived for rest-redistribution 2°' Tl SPECT reported by
Udelson et al. (/8). In this study, viable myocardium within
dysfunctional area was defined as that which is potentially revers-
ible in contractile function after revascularization. Therefore, such
chronically dysfunctional but viable myocardium may represent
hibernation (/), intermittent stunning (/9) or both.
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Radionuclide Angiography

Analysis of the regional wall motion was performed within 1 mo
(mean, 3 wk) of revascularization in all patients and repeated at a
mean of 8 wk (range, 4—19 wk) after revascularization in patients
with successful revascularization. Each patient underwent electro-
cardiographic gated blood pool scintigraphy to assess global and
regional LV wall motion at rest using red blood cells labeled in
vivo with 740 MBq of *™Tc. Images were acquired in anterior, left
anterior oblique and lateral views. LVEF was calculated by
computer analysis of the scintigraphic data, and regional wall
motion was assessed visually by two experienced observers who
were unaware of clinical and myocardial SPECT data from the
images displayed in cine format. The apical and anterior walls were
assessed from the anterior view; septal and lateral were assessed
from the left anterior oblique view; and inferior and posterior walls
were assessed from the left lateral view. The regional wall motion
was graded on a semiquantitative five-point scoring system as
follows: grade 4, normal; grade 3, mild hypokinesis; grade 2,
severe hypokinesis; grade 1, akinesis; and grade 0, dyskinesis.
Disagreements in interpretation were resolved by consensus. A
region was considered to have improved wall motion if the
assigned abnormal wall motion (defined by a score =3) normalized
or increased by =1 in wall motion score after revascularization. In
the patients who underwent CABG, the septal segment was
excluded from the final calculation of predictive accuracies for
functional recovery because of frequent paradoxical motion after
surgery (20,21).

Statistical Analysis

Data are reported as mean * s.d. Comparisons of mean values
were performed using one-way ANOVA, followed by a Bonferroni
Student’s t-test when the ANOVA demonstrated a statistically
significant result. Comparison of proportions or predictive accura-
cies was performed with chi-square test or Fisher’s exact test where
appropriate. Statistical significance was defined as p < 0.05.

RESULTS

Thallium-201 Findings

All patients showed late redistribution 2°'Tl images of
acceptable quality, and no patients were excluded from analysis
because of poor image quality. On a patient-by-patient basis,
nine of 29 patients (31%) showed reversible defects on the early
redistribution images, and six additional patients (21%) showed
further redistribution on the late redistribution images. A
representative case with late redistribution is shown in Figure 1.

Of a total of 261 myocardial segments in 29 patients, 125
segments were considered normal on the initial images by
visual analysis. The remaining 136 segments were considered to
have perfusion defects on the initial resting images. Of these, 18
were considered to be reversible on the early redistribution
images, and 10 additional segments were considered to be
reversible on the late redistribution images.

Relation to Stenosis Severity and Regional Wall Motion

As shown in Table 1, there were no significant differences in
the mean stenosis severity scores between the segments with
early and late redistribution. The coronary occlusion rates (with
collaterals) for the normal, early redistribution, late redistribu-
tion and fixed defect groups were 12 (10)%, 0%, 10 (10)% and
17 (11)%, respectively (ns). The mean regional wall motion
score in the segments with late redistribution was lower than
that of normal segments, but it was not significantly different
from that in the segments with early redistribution or in the
segments with fixed defects.

LATE REDISTRIBUTION THALLIUM-201 IMAGING « Matsunari et al.
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FIGURE 1. Short-axis tomograms from a patient with three-vessel CAD.
Rest 2°'Tl images show partially reversible anterior and minimally reversible
inferior defects that further redistribute on late (20- to 24-hr) images.

Comparison between Early and Late Redistribution
Images by Quantitative Analysis

When the segments with regional activity >60% of peak
were considered viable, 14 of the 18 segments (78%) with early
redistribution were considered viable by the early redistribution
images, whereas the remaining 4 segments had regional activity
=60% of peak activity and hence considered nonviable. None
of these 4 segments had further redistribution on the late
redistribution images and were thus, again, considered nonvia-
ble by the late redistribution images. Of 10 segments with late
redistribution, 5 were considered viable by the early redistribu-
tion images, and 3 had regional activity =60% on the both early
and late redistribution images and hence were considered
nonviable. The remaining two segments were considered viable
only on the late redistribution images.

When the 136 segments with initial 2°'Tl defects were
analyzed, the majority (n = 80, 59%) were considered viable on
the basis of defect severity on the early redistribution images,
whereas the remaining 56 segments were considered nonviable.
Of the 56 nonviable segments on the early redistribution
images, 52 segments were again considered nonviable by the
late redistribution images; only 4 segments (3%) were addition-
ally considered viable by the late images. These four segments
consisted of two segments with late redistribution and two other

TABLE 1
Stenosis Severity and Wall Motion Scores in Relation to
Thallium-201 Findings

Stenosis severity Wall motion
score score
Normal (n = 125) 2.29 + 1.69 3.28 + 0.89
Early RD (n = 18) 294 +1.26 267 +1.14
Late RD (n = 10) 2.70 + 1.06 2.00 + 1.33"
Fixed (n = 108) 2.83 + 1.50 228 +1.12
p value (ANOVA) 0.091 <0.01

Values are expressed as mean * s.d. Normal = normal 2°'Tl uptake;
Early RD = reversible 2°'Tl defect on early redistribution image; Late RD =
reversible 2°'T1 defect on late redistribution image; Fixed = fixed 2°'T1 defect
on early and late redistribution image; n = number of segments.

*p < 0.01 vs. normal.
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FIGURE 2. Flow diagram showing concordance and discordance between
early (3- to 4-hr) redistribution and late (20- to 24-hr) redistribution images in
the segments with impaired baseline contractile function in 14 patients who
underwent revascularization. A segment was considered viable if the as-
signed regional activity was >60% of peak.

segments with <10% increase in activity but with regional
activity >60% of peak on the final images.

Impact of Late Redistribution Imaging on Clinical
Decision-Making

When the presence of at least one dysfunctional but viable
segment was considered an indication of revascularization for
that vascular territory, three of the four segments that were
considered viable by only the late images were accompanied by
such viable segments in the same vascular territory on the early
redistribution image and hence would be considered indicative
for revascularization. Thus, only one of 29 patients (3%) would
be additionally considered indicative for revascularization by
the late redistribution images.

Effect of Revascularization on Regional Wall Motion

Coronary revascularization was performed in 17 of the 29
patients. During coronary intervention, an attempt was made to
revascularize all stenosed arteries, depending on coronary
anatomy. Three patients were excluded from further analysis (1
restenosis after PTCA, and 2 did not return for the follow-up
study), and 14 were considered to have successful coronary
revascularization (12 had CABG and 2 PTCA), which was
confirmed by the follow-up coronary arteriography performed
1-3 mo after the intervention. There were nine men and five
women, with a mean age of 67 * 8 yr. Ten (71%) patients had
a history of previous myocardial infarction. Significant coro-
nary artery stenosis was present in a mean of 2.4 * 0.7 vessels
per patient. The mean LVEF for this patient group was 41 *
8%.

Of a total of 63 asynergic segments in these patients, 51 were
considered to be successfully revascularized by the follow-up
coronary angiography. Of these, 27 segments (53%) showed an
improvement in function after revascularization, whereas the
remaining 24 segments did not improve.

Prediction of Functional Recovery by
Thallium-201 Imaging

When 51 segments with regional dysfunction at baseline
from 14 patients who underwent revascularization were ana-
lyzed, there were highly concordant results on viability between
the early and late redistribution images, with only one segment
considered viable by the late image alone (Fig. 2). Of 36
segments that were considered viable by the early redistribution
images, 25 had functional recovery after revascularization

(positive predictive value, 69%). Of 15 segments that were
considered nonviable by the early redistribution images, 13 did
not recover in function (negative predictive value, 87%).

Of the 51 revascularized segments, there were 4 segments
with early redistribution and 3 with late redistribution. All 4
segments with early redistribution had regional activity of
>60% on the early images and showed functional recovery
after revascularization. Of three segments with late redistribu-
tion, one with regional activity of >60% on the early redistri-
bution image showed functional recovery; one with regional
activity of >60% even on the late image had no functional
improvement; and the remaining segment had regional activity
of >60% on the late image, but functional recovery did not
occur. Finally, positive and negative predictive values for
functional recovery on the late redistribution images were 68%
and 86%, respectively (both were not significant versus the
early redistribution images).

There were 19 dysfunctional septal segments in patients who
underwent CABG. Based on the early redistribution 2°'Tl
images, 13 of the 19 segments were considered viable by the
early redistribution images, and the remaining 6 were consid-
ered nonviable. Of the 13 scintigraphically viable segments,
only 5 (36%) showed regional functional recovery after revas-
cularization, whereas five of six scintigraphically nonviable
segments showed no functional improvement. Thus, as ex-
pected, these septal segments had a low positive predictive
accuracy for functional recovery.

DISCUSSION ‘

The major findings of this study were that late redistribution
of 2°' Tl after rest injection was occasionally noted in patients
with CAD and LV dysfunction; when a threshold cutoff of 60%
of peak was used as an index of tissue viability, only a small
fraction of the segments (3%) with initial 2°'T] defect were
additionally considered viable by the late redistribution images;
and the use of late redistribution 2°' Tl images did not signifi-
cantly improve the prediction of functional recovery after
revascularization.

Late Redistribution of Rest-Injected Thallium-201

Late redistribution imaging has been used primarily after
stress scintigraphy to identify redistribution that was not evident
3—4 hr after injection (6—8,22,23). Several studies have dem-
onstrated the use of late redistribution 2°' Tl imaging after stress
injection in assessing myocardial viability (7,8,22). Late imag-
ing, however, is inconvenient for patients as well as for busy
laboratories because of next-day imaging. Furthermore, it may
potentially yield poor image quality (24), although the image
quality appeared acceptable in the current study, as presented in
Figure 1, partially because of the use of a multidetector camera
system and longer imaging time, which is consistent with the
previous results (8).

In this study, where °' Tl was injected during resting condi-
tions, we observed that 31% of the patients and 13% of the
segments with initial 2°'T1 defects showed redistribution on the
early (3—4 hr) redistribution images. In addition, 21% of the
patients and 8% of the segments with fixed 2°! Tl defects on the
early redistribution images showed further redistribution on the
late (20- to 24-hr) redistribution images, suggesting that late
redistribution after rest injection of 2°'T1 occasionally occurs.
This is consistent with a previous report published in an abstract
form that assessed the frequency of late (18- to 72-hr) redistri-
bution after rest injection of 2°' Tl (15), although the prevalence
of redistribution in our study appears to be slightly lower,
possibly because of differences in patient population and
methodology.
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In the study of Dilsizian et al. (25), on the other hand, where
24-hr delayed imaging was performed after reinjection of 2°'Tl,
only 1 of 30 segments (3%) with irreversible defects immedi-
ately after reinjection showed further redistribution on the late
imaging. Because the reinjection 2°' Tl image is a composite of
resting perfusion on a redistribution image and therefore differs
from resting 2°' Tl image, it is difficult to directly compare their
data to our findings. The mechanisms of late redistribution of
201T] after rest injection may be exglained by a similar manner
as proposed for stress study, i.e., 22Tl may be unavailable for
additional uptake at 3-4 hr because of low blood 2°'Tl
concentration in the area of hypoperfusion, and a very slow
process of redistribution may result in late redistribution.

In this study, neither the severity of coronary artery stenosis
nor rate of coronary occlusion in the segments with late
redistribution was significantly different from that in the area of
early redistribution. Gutman et al. (6) and Kiat et al. (7), on the
other hand, reported that stenosis in the areas of late redistri-
bution after stress injection was more severe than in the areas
with early redistribution. Although the exact mechanisms ac-
counting for the discordant results are uncertain, there are
several potential mechanisms that could have contributed to our
results. First, the stenosis severity is not necessarily a good
determinant of resting myocardial blood flow as demonstrated
by PET (26), and thus, myocardial blood flow at rest may be
regulated by more complex factors than mere stenosis severity
of epicardial coronary arteries. Second, because the majority of
our patient population had multivessel CAD and redistribution
is defined as differential washout of the tracer relative to remote
regions, the occurrence of late redistribution could have been
influenced by remote areas supplied by stenosed arteries, as
squested by Gutman et al. (6). Finally, they 0;‘Jerformed serial
20171 imaging after stress injection, whereas 2°' Tl was injected
at rest in the current study; this methodological difference in
hemodynamic conditions also could have contributed to the
discordant results.

Value of Quantification for Assessment of
Myocardial Viability

It has been demonstrated that a fixed defect on rest-redistri-
bution 2°'T1 imaging does not necessarily indicate nonviable
myocardium and that a major part of mild-to-moderate 2°'TI
defects are considered viable, as evidenced by functional
recovery after revascularization (/4,18,27) or the preserved
metabolic activity with PET and ['®F]fluorodeoxyglucose (28).
This is especially true in rest-redistribution 2°'Tl imaging as
compared with stress 2°' Tl imaging because irreversible mild-
to-moderate defects are a more common finding than reversible
resting defects. The concept that tracer content represents
myocardial viability has been well documented by several
studies (/4,18,27).

Chronically dysfunctional but viable myocardium may rep-
resent hibernation (/), intermittent stunning (/9) or both.
Hibernating myocardium represents impaired contractile func-
tion coupled with hypoperfusion that would recover after
revascularization. Stunning, on the other hand, represents im-
paired contractile function that persists after an ischemic epi-
sode despite restoration of blood flow. The differentiation of
these situations is complicated because they may often coexist
in the clinical setting. The advantage of quantitative analysis is
that the amount of 2°! Tl uptake on the redistribution image may
represent the extent and amount of viable myocardium regard-
less of underlying pathophysiology.

The use of 60% of peak as a threshold cutoff for viability in
this study is based on the value proposed for rest-redistribution

LATE REDISTRIBUTION THALLIUM-201 IMAGING « Matsunari et al.

201T] SPECT to predict functional recovery after revasculariza-
tion (/8). Our data confirms their findings, resulting in reason-
able predictive accuracies for functional recovery observed in
this study. Using this quantitative approach, the majority of
irreversible 2°' Tl defects were identified as viable in this study,
which is in agreement with the published data (28). Further-
more, by this quantitative approach, only a small fraction of the
segments were additionally considered viable by the late redis-
tribution images. Finally, only one of 29 patients (3%) would
have been additionally indicated for revascularization by the
late redistribution images, suggesting that most of the clinically
relevant information on myocardial viability may be obtained
by conventional rest-early redistribution protocol when defect
severity is considered as an index of viability. This is supported
by the functional outcome data that the early and late redistri-
bution images had quite similar predictive accuracies for
functional recovery after revascularization.

There are several potential explanations to our results that,
unlike the published stress studies (6—8,22), the late imaging
after 2°'T1 injection at rest did not significantly improve the
detection of viable myocardium. First, the prevalence of late
redistribution is apparently lower than those reported for stress
201T] imaging (6-8,22). Second, a considerable number of the
segments with late redistribution are considered viable by the
early redistribution imaging based on defect severity. Finally, a
reversible but still severe resting 2°' Tl defect (<60% of peak)
may not improve in function if the amount of viable myocar-
dium is not sufficient to show functional recovery of that
region.

Value of Initial Resting Thallium-201 Imaging

Based on the results of this study and others (/4,18,27), one
might argue that initial resting “°'TI imaging may not be
necessary for clinical decision-making regarding revasculariza-
tion. If the question being asked is whether or not a dysfunc-
tional region would recover after revascularization, either early
or late redistribution 2°'Tl imaging without initial resting
imaging may be used. A recent study, however, has demon-
strated that the medically treated CAD patients with 2°'TI
redistribution at rest have a higher death rate than those without
redistribution (29), suggesting that the presence or absence of
redistribution at rest may have an important prognostic value.
This information would be lost if the initial imaging is skipped.
Therefore, both the initial and redistribution °'Tl images may
be important for the patient management and for the clinical
decision-making.

Study Limitations

There are several limitations of the study. First, we assessed
regional wall motion by planar gated blood pool imaging to
correlate with SPECT data. Because planar imaging provides
only two-dimensional information, correlation with three-di-
mensional data such as SPECT is not ideal. Therefore, some
misalignments may not be completely excluded, although care
was taken for image registration between the two techniques.

Second, quantitative coronary angiographic data was not
available in every patient, and visual interpretation of the
coronary angiograms was mainly used to assess the severity of
stenosis, as in other recent studies (/7,30). Although quantita-
tive angiography may result in more reproducible measure-
ments, accurate assessment of the angiographic severity of
coronary artery stenosis is still difficult in terms of the func-
tional severity of CAD. The visual assessment of coronary
angiograms by experienced observers is currently widely used
in most laboratories.

Third, because the number of patients with functional out-
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come data was limited, as is common in such viability studies,
and only one segment was additionally considered viable by the
late image in our patient subpopulation, the conclusive state-
ments with respect to the outcome of such myocardium is not
possible from the current data. Further clarification may be
needed of this particular situation. Nevertheless, this reflects the
high agreement on viability between the early and late redistri-
bution images, and therefore, it is unlikely that our conclusion
could have been significantly affected by this limitation.

Finally, we arbitrarily assumed that a vascular territory would
be eligible for revascularization if there is at least one dysfunc-
tional but viable segment in that vascular territory in the current
study. We are aware that the mere presence of a small amount
of viable myocardium is not clinically relevant. At this time,
however, it is difficult to determine how many segments are
required to justify the subsequent revascularization. Further
prospective studies are required to address this issue.
Clinical Implications

Rest-redistribution °' Tl imaging is a well-established diag-
nostic protocol for assessing myocardial viability. Although
many laboratories currently use early (3- to 4-hr) redistribution
imaging to determine the extent and amount of viable myocar-
dium, the optimal timing for redistribution imaging has not yet
been determined. Havmg provided that early (3- to 4-hr)
redistribution 2°'T1 imaging after rest injection provides com-
parable information on myocardial viability to late (20- to
24-hr) redistribution imaging, the early redistribution imaging
protocol is time-saving for both the patients and the laboratory
and may reduce the cost for the next-day imaging. The results
of this study indicate that most of the clinically relevant
information may be obtained by conventional rest-early redis-
tribution imaging when defect severity is considered as an index
of tissue viability, provndmg the conﬁrmatory data to the use of
the early redistribution 2°' Tl imaging for assessing viability.
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