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Tle pattern of reverse redistribution of 2'Tl is defined
as the appearance of a defect on the redistribution image in
a region with normal or near normal initial uptake of 2**T1.
This pattern was initially reported in 1979 () and has since
been studied by several investigators including the most
recent study by Soufer et al. (2).

Initial reports described the phenomenon of 2!Tl re-
verse redistribution on exercise planar imaging of patients
with chronic coronary artery disease (1, 3,4). These studies
demonstrated that the prevalence of the reverse redistribu-
tion pattern in these patients was low, but they did not
agree on its clinical significance since the relationship of
the reverse redistribution pattern to the underlying coro-
nary artery disease was different in each case. Tanasescu
et al. (1) found that reverse redistribution regions were
supplied by the least stenotic coronary arteries. Hecht et
al. (3) found that these areas were supplied by the most
stenotic vessels, whereas Silberstein et al. (¢) showed that
the pattern of reverse redistribution may be observed in
regions subtended by either normal or diseased coronary
arteries and that in the diseased categories, stenosis was
least or most severe.

In 1986, Weiss et al. (5) made several key observations
about the phenomenon of reverse redistribution on rest-
redistribution 2'T1 imaging. In 67 patients who received
streptokinase thrombolytic therapy for acute myocardial
infarction, they demonstrated early following reperfusion,
that the pattern of 'T] reverse redistribution was: (1)
common, occurring in 75% of these patients; (2) only noted
in the reperfused myocardial region; (3) the result of a
higher than normal washout rate of 2°'T1 from the region
manifesting the reverse redistribution pattern; (4) repre-
sented admixture of viable and nonviable myocardium;
and (5) associated with patency of the infarct-related cor-
onary artery. Published studies have shown that the pat-

Received Dec. 27, 1994; revision accepted Jan. 26, 1995.
For comrespondence or reprints contact: Jamshid Maddahi, MD, UCLA School
of Medicine, CHS AR-175, 10833 Le Conte Ave., Los Angeles, CA 90095-6942.

Reverse Redistribution of Thallium-201 e Maddahi and Berman

tern of 2'TI reverse redistribution may be observed in
different patient populations using rest-redistribution, ex-
ercise or pharmacologic stress-redistribution 2Tl imaging
protocols with either planar or SPECT imaging methods.
Through these studies, five common denominators have
emerged that characterize the clinical significance of this
pattern.

ADMIXTURE OF VIABLE AND NONVIABLE TISSUE

The notion that myocardial regions showing the pattern of
2017] reverse redistribution contained an admixture of viable
and nonviable tissue has been implied by several observa-
tions in two groups of patients. First, those who received
thrombolytic therapy for acute nyocardial infarction and,
second, patients with chronic coronary artery disease.

Weiss et al. (5) showed that reverse redistribution of
211 was noted in regions that had evidence of myocardial
salvage following reperfusion, as evidenced by improve-
ment of 2°'T1 defect from pre- to postreperfusion image.
They further found that regions with 2°'Tl reverse redistri-
bution had improvement in regional wall motion by 10 days
following reperfusion, suggesting that the viable myocar-
dium in these regions were initially stunned. Fukuzawa et
al. (6) similarly showed that at 3 wk following reperfusion,
reverse redistribution regions had near normal regional
wall motion. Langer et al. (7) reported that, in patients who
received thrombolytic therapy, sublingual administration
of nitroglycerin improved regional ejection fraction of seg-
ments with 2!T1 reverse redistribution to a greater degree,
as compared to regions with fixed or reversible defects.
This confirmed that reverse redistribution regions had
stunned but viable myocardium. Touchstone et al. (8)
showed that on predischarge exercise imaging of patients
who underwent intravenous streptokinase therapy, reverse
redistribution of °'T] was noted in areas with salvaged
myocardium, defined by serial improvement in regional
systolic function. Yamagishi et al. (9) studied patients 1 wk
to 2 mo after myocardial infarction and showed that 2°'TI
reverse redistribution correlated with improvement of re-
gional wall motion on serial studies.

In patients with chronic coronary artery disease, Hecht
etal. (3) and Pace et al. (10) showed that regions with 2'T1
reverse redistribution had impaired regional function, sug-
gesting the presence of myocardial scarring in these areas.
Marin-Neto et al. (11) studied 39 patients with chronic
stable coronary artery disease who demonstrated reverse
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redistribution of ?°'T1 on exercise-redistribution SPECT
imaging. They concluded that regions with reverse redis-
tribution contained viable myocardium since their 2'T]
uptake increased after 2! T reinjection and the incidence of
Q-wave infarction and akinetic or dyskinetic wall motion was
low. Furthermore, in 16 of 39 patients who were also as-
sessed by PET for myocardial viability, all regions with re-
verse redistribution were found to have viable myocardium.

Soufer et al.’s study (2) sheds additional light on the
relationship between myocardial viability and regional wall
motion in areas with 2'T] reverse redistribution. They
evaluated myocardial viability by PET in 32 patients with
chronic coronary artery disease, who showed 2! Tl reverse
redistribution on exercise planar imaging. Of the 50 seg-
ments with 2°!T] reverse redistribution, 72% showed evi-
dence of viability by PET criteria, demonstrating either
normal FDG uptake and flow or enhanced FDG uptake
relative to flow (PET ischemia). It is of note that in this
study, regions with concordant reduction of flow and FDG
uptake below 50% of normal were classified as nonviable.
Some of these regions, however, may be nontransmurally
infarcted rather than entirely nonviable, especially when
flow and FDG uptake are not markedly below 50% of
normal. Therefore, it is likely that the true incidence of
tissue viability in reverse redistribution regions is higher
than 72%. An important observation of these investigators
was in the 35 of 50 segments with reverse redistribution in
which regional wall motion was analyzed by radionuclide
angiography. The frequency of viability in reverse redistri-
bution segments was highly different in the groups with and
without abnormal wall motion. All but one of 17 segments
with normal wall motion were viable by PET, whereas 7 of
18 segments with wall motion abnormality were viable by
PET. These investigators concluded that the presence of
moderate or severe hypokinesis in regions with %' T reverse
redistribution does not imply lack of viability in these areas.

Reverse redistribution of 2'Tl has also been reported
with myocardial sarcoidosis (12) and chronic Chagas’ dis-
ease (13). It is very likely that in both of these conditions,
reverse redistribution of %' Tl represents admixture of via-
ble and nonviable myocardium in these areas.

PRESERVED REGIONAL FLOW

Another common denominator in the reported literature
is that the reverse redistribution regions have preserved
regional flow, either through patent coronary arteries or by
collaterals when the corresponding coronary artery is to-
tally occluded. In all studies conducted in patients follow-
ing thrombolytic therapy (5-8 14), regions with reverse
redistribution were found to be supplied by patent coro-
nary arteries. In these reports, however, the severity of
residual stenosis was variable. Similar results were also
reported in patients with chronic coronary artery disease
(3,4,15). Soufer et al.’s findings (2) are consistent with
these results, showing that the arteries supplying the reverse
redistribution regions were patent but significantly stenosed.
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In two studies, the arteries supplying the reverse redis-
tribution regions were reported to be totally occluded but
supplied by collaterals. Pace et al. (10) showed that 46% of
reverse redistribution segments were supplied by occluded
coronary arteries, 58% of which were supplied by visible
collaterals on angiography. Of note, despite lack of visible
collaterals in the remaining 42% of regions, *Tl and *™Tc
sestamibi were taken up by these areas suggesting pre-
served perfusion, presumably through collaterals not ap-
preciated on angiography. Marin-Neto et al. (/1) showed
critically stenosed or totally occluded coronary arteries
supplying 83% of reverse redistribution regions that
showed evidence of viability after 2°'TI reinjection. In all
but one of these regions, collateral circulation was detected
to be present.

PROGNOSTIC SIGNIFICANCE

The stenotic coronary artery supplying the reverse re-
distribution segment may jeopardize the viable myocardial
tissue in the region and pose a risk to the patient. Theoret-
ically, the outcome of patients with the reverse redistribu-
tion pattern would depend on multiple parameters such as
the size and severity of the reverse redistribution, the over-
all extent and severity of coronary disease, the presence
and extent of ischemia and necrosis in other regions of the
myocardium, global ventricular function and the clinical
setting (chronic coronary artery disease versus post-throm-
bolysis). There are only a few studies that address the
prognostic significance of the pattern of reverse redistribu-
tion (2, 14,16). Sakata et al. (14) studied 50 patients, who
received intracoronary thrombolysis, by simultaneous
9mTc-pyrophosphate and 'T1 SPECT 3 days after first
acute myocardial infarction. They showed that reverse re-
distribution or fixed defects on rest-redistribution 2°'T1 im-
ages were less frequently associated with reinfarction dur-
ing the hospital course than reversible defects. Preliminary
observation in a group of patients in the thrombolysis in
myocardial infarction (TIMI) trial indicated that reverse
redistribution following thrombolysis is associated with a
higher incidence of future cardiac events with substantial
regional and global ventricular dysfunction (16).

The study of Soufer et al. (2) provides new information
with respect to the outcome of patients with chronic cor-
onary artery disease and the pattern of reverse redistribu-
tion. During 14-mo follow-up, 10/32 patients developed
unstable angina (nine patients) or myocardial infarction
(one patient). Of the 13 patients who had severe reverse
redistribution, all who had PET viability had a cardiac
event, compared to those who had PET scarring of whom
none had an event. In this small population, other standard
predictors of outcome such as exercise time, ECG changes
or chest pain did not predict outcome. Furthermore, adja-
cent myocardial ischemia alone did not predict a poor
outcome. This study, therefore, suggests that PET assess-
ment of viability may be helpful in identifying a subgroup
of patients who are at higher risk for subsequent cardiac
events and require closer follow-up. This preliminary find-
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ing, however, requires additional large-scale studies as
pointed out by these investigators.

MECHANISM OF REVERSE REDISTRIBUTION

Despite concordance of data demonstrating that reverse
redistribution is the result of faster regional washout of
20171, the mechanism for such enhanced washout of ?'Tl is
not well understood and remains speculative. In patients
undergoing early thrombolytic therapy, Weiss et al. (5)
proposed two likely mechanisms for faster than normal
washout of 2°'T1: (1) higher than normal blood flow to the
noninfarcted tissue in the reperfused zone and (2) initial
20T] uptake by the necrotic tissue or the interstitial com-
ponent in the reperfused zone and subsequent faster wash-
out. One or both of these explanations were supported by
subsequent studies.

OTHER CAUSES OF THALLIUM-201 REVERSE
REDISTRIBUTION

In patients with a low pretest likelihood of coronary
artery disease, reverse redistribution of 2°'T] may be ob-
served as a normal variant or may be artifactual. Kaul et al.
(17) found significant variability in regional myocardial
washout of ?°'T1 in normal subjects. Brown et al. (18)
showed that rapid washout of 'l in the region with re-
verse redistribution may be artifactually caused by inter-
polative background subtraction of planar *'Tl images.
Lear et al. (/9) used a mathematical model and showed
that in myocardial regions with ischemia or infarction, the
measured myocardial washout of *'Tl depended on the
degree of background oversubtraction, the difference be-
tween myocardial and pulmonary washout of *'Tl, and on
initial myocardial ?°'T1 uptake. The conclusions of the lat-
ter two studies, however, do not apply to SPECT imaging.
Shifting of breast and diaphragmatic attenuation artifacts
between the initial and the redistribution image may also
appear as reverse redistribution defects. Furthermore, re-
injection of *'T1 may accentuate regional myocardial
count differences on the redistribution images and result in
artifactual appearance of reverse redistribution of °'Tl
(20).

The phenomenon of reverse redistribution of 2Tl has
been the focus of several studies since its initial description
about a decade and a half ago. In patients with a low
pretest likelihood of coronary artery disease, reverse re-
distribution of °*T1 may be observed as a normal variant or
may be artifactual. In patients with chronic coronary artery
disease and those with prior thrombolytic therapy for acute
myocardial infarction, the pattern of reverse redistribution
of 2°'T1 indicates presence of an admixture of viable and
nonviable myocardium in a region that is being perfused by
either a patent coronary artery or by collateral circulation.
The recent report by Soufer et al. (2) confirms this notion
and further raises the possibility that evaluation of myo-
cardial viability by PET may identify a subgroup of pa-
tients who are at a high risk for development of subsequent
unstable angina.
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