
day, prior to discharge, an exercise test was performed
using the modified Bruce protocol. The patient exer
cised for 4.5 mm without symptoms. The test was
discontinued because the target heart rate of 120 was
reached with a double product of 20,900. The ECG
showed 1-2 mm horizontal S-T depression in leads
III,AVF suggesting additional ischemia in an area re
mote from the infarction. The patient was discharged
on the eleventh day on Beta-blockers and aspirin and
was scheduled for an exercise thallium scan at a higher
workload to determine whether the inferior wall
changes represented ischemia at a distance. Forty days
after discharge, while the patient was treated with beta
blockers and aspirin, a treadmill thallium stress test was
performed. He exercised, according to the standard
Bruce protocol, for a total of7 mm and 15 sec achieving

a peak heart rate of 135 (84% of maximal predicted
heart rate for age) with a double product of2O,250. The
test was discontinued because of leg fatigue. Exercise
ECG(Figs.1â€”2)showedborderlinepositiveischemic
changes with 1-1.5 mm offlat to upsloping S-T depres
sion in II III AVF and 0.5 mm S-T depression in V6 at
peak exercise. These changes occurred in the absence
of chest pain and returned to baseline during early
recovery.

The thallium scan was performed using a re-injection
protocol where 105 MBq (2.8 mCi) of201.1 was injected
at peak exercise with immediate imaging of the heart.
Three hours later, 37 MBq ( 1 mCi) of 201Tlwere re
injected at rest with repetition ofimages starting 10 mm
after re-injection. The 201'fl @n(Fig. 3) revealed a
dilated left ventricle with increased lung uptake on the
exercise images with normalization of size on the de
layed images. These findings were consistent with cx
ercise related left ventricular dysfunction. Diminished
201'fl uptake was present in the anterior, anterolateral,
and apical segments on the initial images with minimal
improvement on the anterior and anterolateral seg

J NucIMed 1990;31:1390â€”1396

orty days after an acute myocardial infarction a 60-
yr-old man was referred for thalhium-20l (201Tl) scintig

raphy to detect residual ischemia.

HISTORY

The patient had a long history of hypertension, con
trolled recently with calcium blockers but no other risk
factors for coronary artery disease. At the time of hos
pitalization, he had chest pain radiating to both arms

which, with decreasing intensity, persisted for 5â€”6hr.
The ECO revealed a normal sinus rhythm and a pattern
of anteroseptal and high lateral myocardial infarction.
Following acute therapy, his hospital course was un
complicated. The patient remained free of angina and
did not develop symptoms or signs of congestive heart
failure. Serial ECOS showed Q-waves in V2-4 and pro
gressive inversion of T-waves in I,AVL,Vl-4 consistent

with recent anteroseptal and high lateral myocardial
infarction. The CPK rose to 2958 with a positive MB
fraction. On the second hospital day, an echocardi
ogram showed normal left ventricular size with mild
concentric left ventricular hypertrophy; akinesis to dys
kinesis at the apex with hypokinesis to akinesis in the
distal septum and distal free anterior wall. The ejection
fraction was moderately reduced. On the ninth hospital
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FIGURE1
Baseline ECG, before exercise @Â°1Tl
test, showingevidenceof anteriormyo
cardial infarction with residual T-waves
inversionon the infarctedarea.
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ments after re-injection. Twenty-hour delayed images
were obtained, without any additional administration
ofthallium, which showed better uptake in the anterior
and anterolateral segments suggesting viable tissue in
this territory. On the basis of the thallium scan, a
coronary angiogram was performed which showed a
near total occlusion of the left anterior descending
coronary artery (LAD) after two large septal branches
with visualization of the middle segment of the artery
which had a second severe stenosis (Fig. 4). There was
a severe stenosis in the diagonal artery adjacent to the
proximal LAD stenosis and a 50% stenosis at the origin
of the last marginal branch of left circumflex. There
were collaterals from the right coronary artery and from
the left circumflex (Cx) to the LAD. A successful PTCA
was performed to both the proximal and middle seg
ment lesions ofthe LAD (Fig. 5).

DISCUSSION

Early detection of residual ischemia in patients with
previous myocardial infarction, especially in a coronary

territory remote from the infarct site, is important to
identify patients at higher risk for future cardiac events
(1â€”7). While symptoms are important, relying on a

history of chest pain to detect ischemia misses a signif
icant number of patients due to the high frequency of
silent ischemia (8,9). Exercise 20â€•flmyocardial scintig
raphy is more sensitive and specific than exercise ECG
(10â€”14)and is more effective in stratifying the risk of
further events in post-infarction patients (1,7). Partic
ularly, in patients with recent uncomplicated myocar
dial infarction, 201T1myocardial scintigraphy appears
superior to exercise ECG and even to the number of
diseased vessels on coronary angiography at predicting
future cardiac events (1). In this case, 2OVflscintigraphy
was performed for risk stratification after an uncompli
cated myocardial infarction, to determine the signifi
cance of exercise ECG abnormalities and the site and
extent ofischemia. The @Â°â€˜Tlscan showed a large anter
oapical perfusion defect with minimal improvement
after re-injection. After a 20-hr delay, however, better
uptake was seen in the infarcted area. This raises the

I, â€¢@ l_@,_4@@

!Lt;:t;@@t-i@t..i@. L@@ irir@ I I- L H

@@iTT:T@ @iTÂ±Th@T@ T
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FIGURE2
ECG recorded at peak exercise show
ing 1â€”1.5mm S-T depression in II III
aVFand 0.5 mm S-T depressionin V6
suggesting ischemia in an area remote
from the infarction.
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FIGURE3
Thallium-201myocardialscintigraphy
(before PTCA). The comparison be
tween the initial (stress) images and
images collectedafter re-injection
shows a reversibledilation of the left
ventricle and increased lung uptake.
There is a large @Â°â€˜11defect involving
the antero-lateral, anterior, and apical
segments with minimal improvement
after re-injection.The imagescollected
20 hr after re-injection(bottom)show
further improvement on the anterior
and antero-lateralsegments compared
to the images after re-injection.

question of the best method to detect residual ischemic
viable myocardium after acute myocardial infarction.

Thallium-201MyocardialScintigraphy:
DifferentApproaches

At present 201Tl myocardial scintigraphy is per
formed, in the majority ofinstitutions, according to the
stress/redistribution approach introduced by Pohost et
al. in 1977 (15) where, after a single injection of 201'fl
at peak exercise, two sets of images are collected: the
initial after exercise and the delayed, 3â€”4hr later. A
reversible abnormality between the initial and delayed
images is considered ischemia while a persistent defect
is considered as scar. With the stress/redistribution
approach two different phenomena are studied: perfu

FIGURE4
Left coronary angiogram (before
PTCA),whichshows near total occlu
sionof the LAD(whitearrow)after two
septal branches with visualizationof
the middle segment of the artery (black
arrow).

sion with the initial images (16); the potassium pool
within the myocardium, as an indication of myocardial
viability, with the delayed images (15). This approach
simplified the original method for 2OVfl @ntigr@phy,
which was done with two separate injections, the first
at peak exercise and the second, at rest, after an interval
of several days. Ritchie (1 7) compared stress/4â€”5 hr
redistribution with rest injection, given 1 wk later, in
41 patients. In 37% of them, the defect size on the
redistribution images was larger than on the rest images
and 7% of fixed defects â€œfilledinâ€•after the rest injec
tion. Similar findings were reported by Blood (18): in
16/87 patients, defects were present in the redistribu
tion scan but not in the rest study. Ritchie concluded
that the â€œextentor presence of prior myocardial infarc
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Thallium-201Re-injectionAfter 4-Hr Delayed
Images

On the basis of these observations suggesting that a
dual injection approach could be more sensitive to
detect ischemia, Rocco et al. recently described a
method of 2OVflre-injection (24) using a second,
smaller, dose of 37 MBq (1 mCi) of 201Tlinjected at
rest (re-injection) immediately after the redistribution
images instead of several days later as in the early
seventies. In this fashion, instead of comparing flow
related images (initial) to redistribution images (de
layed), two different flow-related images were compared
reflecting different conditions of flow (at peak exercise
and at rest). Rocco et al. studied a group of4l patients
selected on the basis of fixed 20â€•fldefects on 3-hr
delayed images and reported that 30% of fixed defects
â€œfilledinâ€•after re-injection. This percentage increased
to 49% if a higher risk subgroup of these patients,
undergoing coronary angiography, was analyzed. Other
studies have been performed that confirmed the supe
rionty of the re-injection technique compared with the
single injection stress/redistribution imaging (25â€”27).

In 37 patients selected on the basis ofrecent myocar
dial infarction, suspected or known residual ischemia
and one or more fixed defects on 3-hr delayed images,
we found that 40% of fixed defects â€œfilled-inâ€•after re
injection (25). This percentage increased to 71 % in a
group of patients undergoing revascularization studied
by Dilsizian et al. (26). It is noteworthy that all of them
had normal 201Tluptake and improved wall motion
after revascularization. A comparison between 24-hr
delayed imaging and re-injection was done by Kayden
et al., who re-injected patients after their 24-hr delayed
images (27). They reported that 37% ofviews with fixed
defects on the 24-hr images showed significant or total
reversibility after re-injection.

These results are consistent with previous data of
Kiat et al. (28) which demonstrated that 37% of fixed
defects which did not show late reversibility on 24-hr
delayed images improved after revascularization. These
data suggest that, even if the 24-hr delayed imaging
increases the ability to detect viable myocardium, it is
possible that nonreversible defects on 24-hr imaging
may actually be viable. Furthermore, these images are
sometimes difficult to interpret because of poor image
quality due to the low residual content of 2o@'flwithin
the myocardium.

A comparison between 201Tl re-injection and
â€˜8Fluorodeoxyglucose study, by PET, was done by
Bonow et al. in patients with coronary artery disease
and left ventricular dysfunction. They reported that
201'fl re-injection identified 54% of viable myocardial
segments detected by PET (29). Moreover, for the
defects with more than 50% reduction of 201T1uptake,
myocardial viability was detected basically in the same
number ofsegments by both PET and 20â€•flre-injection.

FIGURE5
Left coronaryangiogram(after PTCA),performedin a slightly
differentprojection,whichshowsa patentLAD(arrow)anda
severestenosisin the diagonalarteryadjacentto the previous
LAD sub-totalocclusion.There is also a 50% stenosisof the
marginalbranchofleftCx.

tion is often overestimated by the redistribution tech
nique and, especially if 201T1scintigraphy is performed
to assess myocardial viability, a rest image should be
done.â€•However, in spite of this, the single injection
approach has been preferred for its simplicity and is
still widely used.

Recently, Gibson reported that after by-pass surgery
normal thallium uptake was demonstrated in 45% of
persistent defects on the 4-hr delayed images (19). Liu
et al. reported that 75% of fixed defects detected in
patients before angioplasty of their single vessel LAD
lesion, improved or became normal after PTCA (20).

Furthermore Gutman et al. (21) reported that the
time to complete redistribution after stress injection
appeared related to the severity of the stenosis in the
coronary artery supplying the defect. In this study, 21%
of 201Tldefects, persistent after 4 hr, redistributed after
18â€”24hr.

Based on this observation, they introduced the 24-hr
201Tl delayed imaging as a more accurate method
to detect viable myocardium. Further confirmation
of these observations have been provided by studies
performed with positron emission tomography
(PET). Shelbert and coworkers reported that 47%
of fixed defects showed significant uptake of
â€˜8Ruorodeoxyglucoseas evidence of viable myocar
dium (22). Similar results were reported by Tamaki et
al. (23).

All these observations emphasize the limits of stress/
3â€”4-hrredistribution 2O1i@myocardial scintigraphy for
detecting viable ischemic myocardium.
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FIGURE6
Exercise 201TI scintigraphy (after
PTCA).There is normal lung uptake
and no left ventricular cavity dilation;
moderate,reversibledefects in the an
tero-apicaland septal segments.Con
trary to the thallium scan performed
before PTCA, these normalize corn
petelyafter re-injection.

(Bonow RO, personal communication, 1990) However,
even though 201Tlre-injection is useful for detection of
viable jeopardized myocardium and is probably supe
rior to 24-hr delayed imaging, in some cases it may fail
to identify ischemia. In this patient, the lesion remained
basically fixed following re-injection and only the im
ages taken 20 hr after rest re-injection identified a
significant amount of viable jeopardized myocardium.

This is consistent with the results of clinical (30â€”31)
and experimental studies(32), which reported that 201'fl
defects after rest injection may disappear several hours
later when associated with severe coronary artery ste
nosis with persistent reduction of flow at rest.

These observations have clinical implications for the
management of residual stenosis of an infarct-related
coronary artery. Some investigators recommend early
revascularization, while others prefer a conservative
approach with antiplatelet or anticoagulant drugs (33,
34). The results ofTIMI-IIB have demonstrated, at one
year follow-up, no difference in cumulative mortality
(6.9% versus 7.5%) and myocardial infarction (8.9%
versus 9.5%) for patients treated with angioplasty and
with a conservative approach, respectively (35). The
most important factor that may orient the decision
towards one of these two choices is the detection of
substantial amount of residual ischemia (36). Particu
larly, detection of rest ischemia, as in our patient, may
identify a group of patients at higher risk for whom
PTCA should be recommended if indicated (37). In a
considerable number of cases, residual ischemic viable
myocardium may or may not be detected depending
on the methodology used for 201'flscintigraphy. In the
case discussed here, this was clearly detected only by
additional imaging performed 24 hr after re-injection.
To prove these findings, a thallium stress test and a
gated blood-pool scan were scheduled three months
after PTCA.

Follow-Up
The patient remained free of symptoms after PTCA

and, three months later, a second exercise 201Tlscintig

ES

ANT

LAO

a

LPO
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FIGURE7
Gated blood-poolscan (after PTCA),performedon anterior
(ANT), left anterior oblique 45Â°(LAO)and left posterior oblique
300 (LPO) views which show normal global and regional left
ventricularwall motion in all views.

raphy was performed on beta-blockers, calcium-block
ers, and nitrates. The patient exercised, according to
the standard Bruce protocol, for 10 mm and 30 sec,
achieving a peak heart rate of 149 (93% of predicted
maximum heart rate). The double product was 23,840.
The test was discontinued because of leg fatigue. The
ECGwas negativefor ischemicchangesand arrhyth
mias. Thaffium-20l myocardial scintigraphy, per
formed with the re-injection protocol, did not show
evidence ofincreased lung uptake nor ofcavity dilation
on stress images. There were moderate reversible defects



in the anteroapical and septal segments that, contrary

to the 201Tl scan performed before PTCA, normalized
completely after re-injection (Fig. 6).

The following day a gated blood-pool scan was per
formed, which showed normal global and regional left
ventricular wall-motion with an ejection fraction of
56% (Fig. 7). It is noteworthy that even the apex, which
was akinetic to dyskinetic on the echocardiogram per
formed during hospitalization, had normal wall motion.
This confirmed previous observations (38-41), report
ing that even severe wall motion abnormalities may
disappear after reperfusion when related to a chronic
reduction of flow at rest.

CONCLUSION

This case and references (24â€”27,29)show that 201'fl
re-injection is superior to single injection to detect
ischemia and myocardial viability. However, even 2OVfl
re-injection may fail to identify the total extent of
ischemic viable myocardium and delayed images may
be required. Detection of this myocardium is very im
portant because, as in this case, function could be
completely restored after revascularization.
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