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FIGURE 5. Sequential 20'TI images before (PRE) and after (POST) successful PTCA in a patient with proximal left anterior
descending coronary artery disease. Note that 20tTl uptake did not return to normal 9 days (D) after PTCA (arrows), at a time
when clinical or electrocardiographic markers of myocardial ischemia were no longer present. Similar "'ischemic" patterns were

observed at 3 to 18 days after PTCA in 12 of 43 patients with a successful procedure. Note the slightly reduced thallium uptake
in the redistribution images at 9 days after PTCA. ANT= anterior view; Ex = stress images; M= months; R = redistribution
images.
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TABLE 3
Comparative sequential stress (and reperfusion) regional 201T1 myocardial activity in the affected segments before and after PTCA in 20
patients with and 23 patients without mild intimal dissection

45 degrees LAO Anterior 75 degrees LAO

Before PTCA
Dissection present (n = 20) 69.1 + 24.lA (82.8 +1 5.3)A 91.9+ 21.3A (94.5 + 12.o)A 72.0 + 22.5A (83.3+ 13.5)A
Dissection absent (n = 23) 66.7 ± 21.3 (86.0+ 13.3) 91.5 16.7 (96.7 ± 11.2) 69.9 ± 23.2 (84.5 12.8)

4-18 days after PTCA
Dissection present (n = 20) 90.2 + 8.5A (93.9+ 9.6)A 99.5 + 10.2A (100.3 + 6. 1)A 96.1 + 9. 1A (96.3 +7.9)A
Dissection absent (n= 23) 89.9 ± 10.4 (95.5 +7.8) 98.6 ± 8.6 (99.3 ± 5.3) 92.9 ± 8.2 (95.7 8.1)

6-9 months after PTCA
Dissection present (n 20) 100.7 +-9.6A (101.0+6.O)A 109.4+ 8.8A (103.6+ 5.1)A 102.8+7.lA (100.9+ 6.4)A
Dissectionabsent(n =23) 104.4+7.9 (100.0+5.1) 109.5+10.1 (103.9t5.6)A 103.8+6.9 (99.3±6.9)

Perfusion of the region supplied by the dilated vessel is expressed as a percentage of the perfusion in segments supplied by normal coronary arteries
(see text).

Grouprvalues represent the mean + SD.
Ap > .05 vs the group with dissection absent.
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using a pie-shaped segment limited by two radii 30
degrees apart and the ellipse, our method includes
myocardial segments that are parallel instead of only
those that are perpendicular to the gamma camera
detector, as is the case with other quantitative
techniques.9, 16, 17

Clinical and angiographic effects of PTCA. It was not
surprising that patients in the study group proper
showed significant clinical improvement, as reflected
by improved exercise tolerance and diminished exer-
cise-induced ST segment depression, after PTCA since
only those with a successful procedure and without
recurrence or progression of disease were included.
This information is not new. Clinical improvement
after successful PTCA has been repeatedly demon-
strated.1-9 What is new is that clinical improvement
was apparent soon after PTCA (within a few days) and
that no further changes in treadmill walking time or ST
segment depression were noted at 2 to 4 and 6 to 9
months after PTCA. Clinical improvement was con-
cordant with angiographic improvement, i.e., quanti-
tative angiographic improvement was similar imme-
diately and 6 to 9 months after PTCA.

Sequential myocardial perfusion after PTCA. In this
study we documented the sequential changes in myo-
cardial perfusion as assessed by 20MT1 myocardial scin-
tigraphy after successful uncomplicated revascu-
larization with PTCA. All patients with major
complications, those with unsuccessful PTCA, and
those with recurrence of CAD or with progression of
the disease elsewhere in the coronary tree were
excluded. In addition, a relatively large number of
patients were excluded because of our inability to per-
form all the investigations scheduled. The 43 patients
studied represent 40% of the 108 candidates who met
the initial entry criteria for the study.

Myocardial 201T1 uptake is dependent on both deliv-
ery of the radiotracer (myocardial blood flow) and
myocardial cell uptake.19 Before PTCA, markedly
abnormal perfusion scintigrams during exercise were
the result of both diminished regional coronary blood
flow and diminished cellular uptake of 201T1. Two
possible mechanisms may explain the persistently
abnormal stress 201T1 myocardial scintigrams observed
a few days after successful PTCA but not that at 2 to
4 or 6 to 9 months after PTCA. These mechanisms
include a reduced regional blood flow or an impaired
regional myocardial uptake of 20MT1. In support of the
first mechanism, regional myocardial blood flow has
been reported to remain diminished for some time after
brief periods of experimental myocardial ischemia,
despite total release of the coronary artery occluder

Vol. 77, No. 1, January 1988

used to produce temporary ischemia.20' 21 Although
blood flow in those studies was only measured at rest,
it remains possible that regional blood flow during
exercise in our patients may have remained depressed
for several days after successful PTCA. More relevant
to our findings, in a recent clinical study Johnson et
al.2 were able to show that in one-third of patients
undergoing successful PTCA, coronary luminal area
measured at 6 to 7 months after the procedure was
significantly greater than that measured immediately
after PTCA. They measured coronary luminal area by
quantitative coronary angiography, with absolute area
measurements, and by videodensitometry (based on
integrated optical contrast density not dependent on
edge identification). In the present study we did not
confirm those findings. Furthermore, clinical and elec-
trocardiographic markers of myocardial ischemia were
absent during all post-PTCA stages, including a few
days after PTCA at the time abnormal stress 201T1
myocardial scans were observed. In spite of our results
suggesting that trauma/dissection was not an important
factor, it is conceivable that transient and mild trauma,
thrombosis, or spasm of the dilated coronary artery
could have been present at the time of 201T1 scans (4
to 18 days after PlTCA) but not at the time of angiog-
raphy immediately after PTCA (the day PTCA was
performed).

In support of the second mechanism to explain the
delayed improvement of stress 201T1 myocardial scans,
repeated episodes of transient myocardial ischemia
have been shown to produce transient structural, bio-
chemical, and functional abnormalities that may per-
sist for variable periods of time up to 2 to 4 weeks after
the ischemic insult.20' 2328 Prolonged myocardial dys
function has been produced by intermittent brief peri-
ods of coronary artery occlusion21' 29 and by subtotal
coronary artery occlusion.30' 31 Although species dif-
ferences in coronary anatomy make it inappropriate to
extrapolate these data from animals to humans with
chronic angina, there is ample evidence to support the
existence of persistent functional abnormalities in
human hearts at times when myocardial ischemia is no
longer present.7' 32-38 This phenomenon has been
referred in the literature as stunned or hibernating
myocardium.3840 In the present study, patients with
chronic intermittent episodes of myocardial ischemia
due to critical coronary artery stenosis, and with acute
ischemia due to brief episodes of total coronary artery
occlusion during PTCA, might have developed bio-
chemical/metabolic abnormalities that persisted for
several days after complete revascularization. An
insufficient pool of energy precursors, shown to occur
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after experimental myocardial ischemia,25-27 could
be the intimate mechanism by which the active ener-
gy-dependent cellular uptake of 201T1 (extraction)
remained impaired for several days after successful
PTCA in one-third of our patients. This biochemical/
metabolic hypothesis is supported by the fact that
there was a trend toward a subnormal 20'TI segmental
activity in the redistribution scans in a significant
number of patients at 4 to 18 days after PTCA but not
at later stages.
The results of the present investigation failed to give

any insight into the pathophysiology of our scinti-
graphic findings. Local trauma (defined by the presence
of a mild dissection) during PTCA, cumulative balloon
inflation time, duration of angina before PTCA. sever-
ity of coronary artery disease before PTCA, and resid-
ual pressure gradient and coronary artery stenosis after
PTCA correlated poorly with delayed improvement
documented by quantitative 201T1 perfusion scans.

Potential limitations. First, the fact that patients were
taking various types of antianginal medications during
pre-PTCA exercise tests should not affect our results.
except perhaps in attenuating the effects of exercise-
induced myocardial ischemia. Exercise duration may
have been shorter and ST segment depression and
regional myocardial hypoperfusion more marked if
pre-PTCA exercise studies had been done after dis-
continuation of antianginal medications. '8 This would
not have affected our post-PTCA results or our con-
clusions. Second, routine administration of oral di-
pyridamole after PTCA, on the other hand, could have
caused abnormal perfusion scans in the presence of
residual coronary artery stenosis. It is unlikely that this
took place selectively only immediately after PTCA
and not at 2 to 4 or 6 to 9 months after PTCA, given
that dipyridamole was administered to all patients at all
stages after PTCA. Finally, the techniques we used to
measure coronary artery stenosis were not sophisti-
cated but had the virtue of being applied blindly and
any errors would have been distributed equally in both
immediate and 6 to 9 month post-PTCA angiographic
data.

Clinical relevance. In patients with long-term suc-
cessful PTCA, stress 20oTl myocardial perfusion scin-
tigraphy immediately (3 to 18 days) after the procedure
showed a bimodal response. In approximately two-
thirds of the patients tested, perfusion in the topo-
graphic distribution of the dilated vessel became nor-
mal, while in approximately one-third of patients an
"ischemic" scintigraphic pattern was observed. In
these patients, scans became normal during follow-up
studies 2 to 9 months after PTCA. Isolated examples
94

published previously2 6 '( are in agreement with our
findings. Thus, an abnormal stress 201T1 myocardial
perfusion study recorded a few days after PTCA does
not necessarily reflect residual coronary artery stenosis
or recurrence of coronary disease. These "abnormal"
scans soon after PTCA may in fact simply represent a
stunned or hibernating myocardial perfusion state. or
reflect the transient effects of local trauma at the site of
angioplasty, and not early restenosis.

We gratefully acknowledge the skillful assistance of Perry
Anderson, RTNM, David McDougall, RTNM, Virginia Flin-
toft, BN, Christine Hall, RN, Diane Galbraith BN and Bonnie
Spindler. RN, and the secretarial assistance of Sue Denyar.
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Sequential thallium-201 myocardial perfusion studies after successful percutaneous
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