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Abstract. The significance of reverse redistribution on add any information to the quantitative analysis of redis-
rest-redistribution thallium-201 myocardial scintigraphy tribution activity.
is unclear. Previous studies suggested that reverse redis-
tribution segments with normal resting activity include Key words:Myocardium — Perfusion — Revascularization
viable myocardium, whilst resting defects with further— Scintigraphy — Thallium-201
worsening correspond to scar. We evaluated whether re-
verse redistribution has an independent significance foEur J Nucl Med (1998) 25:594—-600
the prediction of post-revascularization recovery, partic-
ularly as compared with the quantification of redistribu-
tion activity. We studied 26 coronary artery disease pa-
tients with left ventricular dysfunction, who underwent Introduction
201T| rest-redistribution single-photon emission tomogra-
phy (SPET) and echocardiography before revascularizaReverse redistribution, i.e. decreased tracer uptake in re-
tion. Viability was defined by the detection of wall mo- distribution as compared to early post-stress or rest im-
tion improvement on follow-up echocardiographSATI ages, is a most intriguing finding on thallium-201 myo-
activity was considered normal #80%, moderately re- cardial scintigraphy. The meaning of reverse redistribu-
duced if <80% but=50%, and severely decreased if tion together with its possible mechanisms has been ad-
<50%. Reverse redistribution was defined as a defect idressed in several reports and reviews [1-21]. Recently,
redistribution images witl210% decrease in relative attention has been given to the implications of reverse
201T| activity compared with the resting value. Reverseredistribution for detection of viability in patients with
redistribution was detected in 33 segments (10%). Basehronic coronary artery disease [13, 14, 17-19, 21]. The
line dysfunction was equally observed in the reverse represence of viable myocardium within regions with re-
distribution and in the non-reverse redistribution segverse redistribution on stres¥TI scintigraphy has been
ments (64% vs 56%R=0.40) and the rate of asynergic demonstrated using tracer reinjection [13, 17] and by
segments with post-revascularization recovery was ndtuorine-18 fluorodeoxyglucose uptake in positron emis-
different between the two groups (33% vs 54840.11).  sion tomography [13, 18, 19]. More uncertain are the re-
The rate of functional recovery in redistribution defectssults of other studies performed using the rest-redistribu-
without reverse redistribution was 53% in moderate andion protocol [14, 21]. Apparently, most segments with
30% in severe defects; the corresponding values for then initially normal resting uptake, but with reverse redis-
reverse redistribution segments were 50% and 27% (attibution are different from the other normally perfused
non-significant versus non-reverse redistribution segsegments because they have impaired function and are
ments). For the prediction of post-revascularization refelated to severe coronary stenosis [14]. However, their
covery in asynergic segments, the detection of reversesponse to coronary revascularization suggests that they
redistribution on rest-redistributioc®IT| SPET does not mainly include viable myocardium [21]. Conversely,
segments with a significant resting uptake defect and
Correspondence toR. Sciagra, Nuclear Medicine Unit, Depart- further worsening in redistribution images are not differ-
ment of Clinical Physiopathology, University of Florence, Viale ent from irreversible defects and do not usually show
Morgagni 85, I-50134 Florence, Ity functional improvement after revascularization [14, 21].
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A major limitation of this classification of reverse redis- tape. All studies were analysed off line by two experienced ob-
tribution segments is that major emphasis is given tgervers, unaware of the clinical, angiographic and scintigraphic

their resting activity. Recent data, however, suggest th&iata and of the acquisition sequence. Discrepancies were resolved

the best predictor of post-revascularization functional rely_consensus. The left ventricle was divided into 13 segments

covery of asynergic regions in rest-redistribution imag-[zg]’ which were assigned to the related coronary artery using a

. . AT S . -~ modification of a previously described scheme [30]. Wall motion
ing is redistribution activity [22-27]. Accordingly, it and thickening of each segment were analysed using a semiquan-

seems interesting to examine the relationship betweeRaiive score: 1=normal, 2=hypokinesis, 3=akinesis, 4=dyskinesis
reverse redistribution and post-revascularization recovisi, 32]. To evaluate the presence of functional recovery, the evo-
ery, taking into accountOiT| activity in redistribution |ution of regional wall motion in the asynergic segments was as-
images. The present study therefore aimed to evaluatessed by comparing the pre- and post-revascularization scores. A
whether the detection of reverse redistribution is relatedignificant improvement was defined by a post-revascularization
to the probability of post-revascularization functional Score decreasel point [25, 29, 32]. However, a change from dys-
improvement in asynergic segments and whether this réinesis to akinesis was considered not significant [32, 33].

lationship is independent of redistributighiTl activity. 201T| SPET.Patients were studied after overnight fasting, with the

injection at rest of 3 mCi (111 MBq) 8Tl followed 30 min la-
. ter by SPET acquisition. The redistribution images were collected
Materials and methods after a 3- to 4-h delay. Both studies were acquired using an Elscint
Apex SP4 gamma camera equipped with a low-energy all-purpose
Patients.From among the patients with chronic coronary artery collimator, with a 15% window centred on the 68- to 80-keV peak
disease and left ventricular dysfunction referred to our laboratoriand a second 10% window centred on the 167-keV pedKTf
for the evaluation of myocardial viability, 26 consecutive patientsSixty projections of 25 s each were collected in step and shoot
(24 men and 2 women, mean age 69.4+9.2 years) for whom corgnode over a 180° arc (from the 45° right anterior oblique to the
nary revascularization had been planned were included in thase |eft posterior oblique projection) on a 64x64 matrix. Filtered
study. Exclusion criteria were: recent (<3 months) myocardial inhackprojection using a Butterworth filter with a 0.35 cut-off and
farction or unstable angina, heart disease other than coronary asn order of 5.0 was used to reconstruct the transaxial slices, which
tery disease, and history of prior revascularization proceduresyere then realigned along the heart axis. For the quantitative eval-
The mean left ventricular ejection fraction at enrolment wasyation of SPET images, the short-axis slices from the first with
35.9%16.8%. The location of the previous myocardial infarctionapical activity, to the last with activity at the base were used. Their
was anterior in 18 patients and inferior in eight. count profiles were generated by computer software and plotted
The study protocol included the performance of two-dimen-onto a two-dimensional volume-weighted polar map, which was
sional echocardiography and rest-redistributf| single-pho-  then divided into 13 segments. Each segment was assigned to a
ton emission tomography (SPET) before revascularization. Allcoronary artery territory and then matched with an echocardio-
major epicardial branches with significant stenosis underwent regraphic one, having as a reference previously described schemes
vascularization, by coronary artery bypass grafting in eight casego, 34], modified to take into account the application of the 13-
and by percutaneous transluminal coronary angioplasty in the resegment model. Using an automated computer procedure, the trac-
maining 18 patients. Peri- or postoperative myocardial infarctioner activity within each segment was calculated as the total of the
was excluded in all patients using the usual clinical, enzymatithormalized counts of the pixels included within the segment di-
and electrocardiographic criteria. After revascularization (at leastjided by their number. The segment with maximal activity in each
1 month in the case of angioplasty and at least 3 months in thgolar map was then normalized to 100 and the activity of the other
case of bypass grafting) follow-up two-dimensional echocardiogsegments was expressed as a percentage of that peak activity seg-
raphy was performed to evaluate the evolution of regional angnent. NormakoIT| uptake was defined @80% relative activity
global left ventricular function. In patients treated with coronary[14, 21, 25, 32]201T| activity was defined as moderately reduced
angioplasty, restenosis was excluded on the basis of a negative 8fhen <80% an&50% and as severely decreased when <50% [22,
ercise stress test. All patients gave their informed consent to paps, 32]. The difference between redistribution and 3831 mean
ticipation in the study, which had previously been approved by theyercent activity (reversibility) was calculated and expressed as a
Ethics Committee of our institution. percentage of the rest value; it was considered significant if there
was an increasel0% of the resting activity [23]. Reverse redis-
Coronary angiographyCoronary angiography was performed us- tribution was defined as present if a segment with redistribution
ing the percutaneous transfemoral technique. Percent diametggtivity <80% also had a10% decrease in relative activity in re-
stenosis was evaluated by two experienced observers who weggstribution compared with resting images [13, 17].
unaware of patient data, using multiple projections including an-
gulated views. Vessels showiag0% lumen reduction were con-  Statistical analysisData are expressed as the mean +SD. Baseline
sidered diseased. The presence or absence of collaterals was g&ta were compared by means of the chi-square test for categori-
sessed and the quality of collateral circulation was scored in fougal variables and the unpairetest for continuous variables, with
grades (from O=none to 3=complete filling of the epicardial ves-the Bonferroni correction for multiple comparisons as appropriate.
sels) [28]. The comparison of proportions was made using the chi-square test

with Yates correction as applicable. A probability valué>0.05
Two-dimensional echocardiograptBoth echocardiographic stud- was considered statistically significant.

ies were collected at rest with the patient lying in the left lateral
decubitus position using a commercially available ecocardiograph
(Aloka SSD-870) with 2.5-3.5-MHz transducers. Multiple imag-
ing sections were obtained for each study and recorded on video-
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Results Features of the segments with reverse redistribution

General findings At least one reverse redistribution segment was regis-
tered in 15 patients (mean 2.2+1.2 segments/patient). Of
According to the results of coronary angiography, 50he 33 reverse redistribution segments, 7 (21%) had nor-
coronary arteries were found to be affected by signifimal resting activity (90%+5.3%) and 26 (79%) had an
cant stenosis. In particular, nine patients had one-vesselbnormal resting uptake (53.1%+16.6%). The involved
ten two-vessel and seven three-vessel coronary artelgft ventricular wall was the anteroseptal in 17 segments,
disease. A complete obstruction was demonstrated in Ifie inferior wall in nine segments and the lateral wall in
vessels and a severe stenosB0@b) in a further 16 cor- seven segments. Reverse redistribution segments were
onary arteries. related to a coronary artery with significant stenosis in
A total of 338 segments were analysed in the 26 pa24/33 cases (73%); the segments without reverse redis-
tients. In the baseline echocardiogram, 146 segmentsibution were subtended by a diseased vessel in 186/305
(43%) showed normal wall motion, 73 (22%) hypokine-cases (61%P=0.19). The rate of segments related to an
sis, 109 (32%) akinesis and 10 (3%) dyskinesis. In theccluded coronary artery was 8/33 (24%) for the seg-
follow-up control, a wall motion score improvement wasments with reverse redistribution and 85/305 (28%) for
registered in 37/73 (51%) hypokinetic segments, whiclthe remaining segmentB£0.66). The incidence of good
reverted to normokinesis, and in 63/109 (58%) akineticollateral circulation to an occluded territory was 7/8
segments (32 of which became hypokinetic and 31 0f88%) for the reverse redistribution segments and 42/85
which became normokinetic). Thus, of a total of 192(49%) for the other segmentB=0.09). The proportion
asynergic segments, 100 (52%) had a significant funcef segments with baseline wall motion abnormalities
tional recovery after revascularization, while the remainwas 21/33 (64%) for the segments with reverse redistri-
ing 92 (48%), showed no significant change. The mairbution and 171/305 (56%) for the remaining segments
baseline features of the two groups of segments ar@=0.4). The main baseline features of the two groups of
summarised in Table 1. On resti#fyTI SPET, 106 seg- segments (with versus without reverse redistribution) are
ments (31%) had normal activity and 232 (69%) an upsummarised in Table 2.
take defect. In redistribution imaging, 99 segments
(29%) had normal activity, 110 segments (33%) were
classified as irreversible defects, 96 (28%) had reversReverse redistribution and reversible dysfunction
ibility =10%, and 33 (10%) showed reverse redistribu-
tion. Taking into account the presence or absence of function-
al recovery after revascularization, a significant im-
provement was observed in 7 of 21 reverse redistribution

Table 1. Main baseline features of the

asynergic segments with versus those with- Functional recovery P
out functional recovery on follow-up echo-
cardiograph, Yes (1=100) No (=92)
Coronary artery disease
LAD 63% 60%
RCA 23% 23% 0.85
LCX 14% 14%
Severity of stenosis
100% 47% 41%
290% 47% 43% <0.03
=>50% 6% 16%
Collaterals to occluded vessels
Score 2-3 55% 55% }
Score 0-1 45% 45% 1
WMS 2.62+0.49 2.72+0.65 0.19
Rest201T] activity (%) 67.1+17 56.5+0.65 <0.0002

Redistributior?0IT| activity (%)  71.6+17.6 58.9+21.4 <0.00005

LAD, Left anterior descending artery; LCX, left circumflex artery; RCA, right coronary
artery; WMS, wall motion sco =
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Table 2. Main baseline features of the seg-
ments with versus those without reverse re-
distributior

Reverse redistribution P

Yes n=33) No (1=305)

Coronary artery disease

No 27% 39%
LAD 49% 40%
RCA 18% 11% <0.01
LCX 6% 10%
Severity of stenosis
100% 33% 46%
290% 46% 42% } <0.005
250% 21% 12%

Collaterals to occluded vessels

Score 2-3 88% 49% }

Score 0-1 12% 51% 0.09
WMS 2.15+1.03 1.93+0.92 0.07
Rest201T] activity (%) 60.9+21.3 70.1+17.6 <0.0005
Redistributior?0IT| activity (%)  47.7+22 75.2+¥17.4 <0.00001

Abbreviations as defined in Tabl¢« 1

HImproved ONot Improved Himproved OONot Improved

100% - 100%

90% -
90% -
80% -
80% -
70% A
70% -

60% -

60% -
50%

50% 40% 1

40% 4 30%

Percent of Functional Recovery

30% - 20%

Percent of Functional Recovery

10%
20% A

0% -

Severe Moderate Severe Moderate
Reverse Redistribution No Reverse Redistribution

10% A

0% -

Normal Rest Rest Defect Normal Rest Rest Defect

Fig. 2. Bar graph showing the proportion of segments with post-
revascularization functional recovery (Improved) versus those
with unchanged dysfunction (Not Improved) in the segments with
Fig. 1. Bar graph showing the proportion of segments with post-or without reverse redistribution subdivided according®t! re-
revascularization functional recovery (Improved) versus thosdlistribution activity. Moderate = moderad®TI uptake defect; Se-
with unchanged dysfunction (Not Improved) in the segments withvere = severé®T| uptake defect (see text)

or without reverse redistribution subdivided according to the pres-

ence of normal restinIT| activity or resting uptake defe:st out (P=0.11). The proportion of segments with post-re-
vascularization recovery was higher in those with nor-
segments with baseline dysfunction (33%). Among themal resting activity than in those with resting uptake de-
171 asynergic segments without reverse redistributiorfect, independently of the finding of reverse redistribu-
93 showed functional recovery (54%—0.11 vs reverse tion (Fig. 1).
redistribution). On the other hand, reverse redistribution The incidence of post-revascularization recovery was
was registered in 7/100 (7%) asynergic segments witbompared in the asynergic segments with and in those
functional recovery and in 14/92 (15%) segments withwithout reverse redistribution taking into account their

Reverse Redistribution No Reverse Redistribution
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redistribution activity. Of 27 asynergic segments withouted that reverse redistribution segments with normal rest-
reverse redistribution and with sevéfér| defect on re- ing activity presented with more severe wall motion ab-
distribution SPET, eight (30%) showed reversible dyssormalities and underlying coronary stenosis than the
function, as compared with 4 of 15 (27%) reverse redisether normal segments [14], but included mostly viable
tribution segments with similar redistribution activity tissue, as demonstrated by the high rate of functional re-
(P=0.88). Likewise, 47 of 88 (53%) moderate defects orcovery after revascularization [21]. On the other hand,
redistribution SPET without reverse redistribution andthe few resting uptake defects with reverse redistribution
three of six (50%) with reverse redistribution had func-appeared to be comparable in terms of wall motion and
tional recovery at follow-up controlPE0.79) (Fig. 2). related coronary artery disease with the other irreversible
Thus, the overall negative predictive value of redistribu-defects [14] and showed mainly an unchanged regional
tion activity <50% was 71% and was not significantly dysfunction [21].
influenced by the presence of reverse redistribution, be- According to our data, neither the related coronary
ing 73% when reverse redistribution segments were extessel status nor the incidence of baseline wall motion
amined separately. Conversely, the overall positive preabnormalities differentiated the reverse redistribution
dictive value of redistribution activitg50% was 59%; segments from the segments without reverse redistribu-
this value decreased to 57% if reverse redistribution wagon. More importantly, when the functional outcome af-
considered always to be a sign of absent viability. ter revascularization was examined in the asynergic seg-
ments, the overall incidence of recovery was not signifi-
cantly different in the segments with reverse redistribu-
Discussion tion when compared with the remaining segments. Fur-
thermore, no difference was registered in our population
Although several reports have described the pattern offhen the segments with normal resting activity were
reverse redistribution oPPIT| myocardial scintigraphy, separately examined. We also divided the asynergic seg-
its mechanisms, clinical significance and practical impli-ments according to their redistribution activity and we
cations are not yet completely clear [1-21]. Abnormali-could observe that the incidence of functional recovery
ties of 20IT| washout and coexistence of scarred, normahfter revascularization became higher with the increase
or ischaemic tissue were postulated as possible mecher redistribution activity, but within the various groups
nisms to explain reverse redistribution [1-3]. Other(moderate and severe defects) there was no difference
groups demonstrated that in pla@gfT| imaging an ap- between reverse redistribution segments and segments
parent reverse redistribution pattern could also be causedthout reverse redistribution.
by inappropriate background subtraction and suggested These data would indicate that the finding of reverse
that this might be the most likely explanation in patientsedistribution does not add any major information to
with a low pre-test probability of coronary artery diseasewhat can be derived from the quantitative analysis of re-
[5, 6]. However, reverse redistribution in patients withdistribution images. This was not completely unexpected
normal coronary arteries has also been registered usimgiven previous data. In the study by Pace et al. [21], a
SPET, thus excluding the interference of backgroundlearly higher redistribution activity could be noted in
subtraction problems [8]. In patients recently treatedhe segments with normal resting uptake as compared
with thrombolytic therapy for acute myocardial infarc- with the resting uptake defects. Moreover, the redistribu-
tion the finding of reverse redistribution in resting imag-tion activity of the initial uptake defects with reverse re-
ing appeared to be valuable for viability detection andlistribution appeared to be relatively high in most of the
prediction of functional recovery in salvaged myocardi-segments of this group with wall motion recovery [21].
um [4]. In patients with chronic coronary artery diseaselikewise, in the study by Marin-Neto et al. [13], the
however, several regions with reverse redistribution werenean redistribution activity of the reinjection-positive
found to have impaired regional function, indicating thesegments was clearly higher than that registered in the
possible presence of scarred tissue [2]. The presence injection-negative segments and, furthermore, Dey and
viability within reverse redistribution segments on Soufer [17] found a higher rate of enhanced uptake in
stress-redistribution scintigraphy was more thoroughlysegments with mild as compared to those with moderate
investigated using the reinjection ®ETI [13, 17] or the  or severe reverse redistribution.
evaluation of glucose metabolism by means&tflu- The elucidation of the mechanisms of reverse redistri-
orodeoxyglucose positron emission tomography [13, 18pution in rest-redistributior?9IT| imaging was beyond
19]. The results of these studies were consonant in su¢he aim of this study, which was explicitly conceived to
gesting the presence of viable myocardium within mosexamine the practical implications of the finding. How-
of the reverse redistribution areas [13, 17-19]. ever, our data support the possible role of the admixture
In patients with chronic coronary artery disease subef scarred and viable tissue in the presence of preserved
mitted to rest redistribution imaging the meaning of re-resting blood flow [15, 21]. As regards coronary flow,
verse redistribution for the issue of viability definition is the incidence of well-developed collaterals to occluded
still uncertain [14, 21]. In two studies using quantitativevessels subtending reverse redistribution segments was
planar20iT| scintigraphy, Pace et al. [14, 21] demonstrat-higher than that observed in the corresponding non-re-
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verse redistribution segments (88% vs 49%), with a valallows one to effectively affirm or exclude the presence
ue close to statistical significancB=0.09). As regards of viable myocardium within most asynergic segments
myocardial tissue, it is reasonable that the reverse redishowing the reverse redistribution pattern. For this spe-
tribution regions with unchanged wall motion abnormal-cific issue and taking into account the uncommon occur-
ity include a higher proportion of scarred tissue tharrence of reverse redistribution, the possible non-observa-
those with post-revascularization recovery. Accordinglytion of this phenomenon does not seem to imply any im-
the former areas will be expected to have a relativelyportant consequences in terms of viability detection.
faster washout and, thus, a lower redistribution activityTherefore, the sole acquisition of a redistribution study
than the latter ones. with the quantitative analysis 8%1T| uptake could give
The limitations of the present study must be considmost of the needed information for a reliable prediction
ered when interpreting its results. First of all, the patientf the post-revascularization functional outcome of the
population is small, as in most studies which employ thasynergic territories and might be a cost-effective ap-
detection of functional recovery after revascularizationproach.
to define the presence of viable myocardium within
asynergic regions [21, 22-27]. The need to select pa-
tients who will be submitted to a revascularization pro-references
cedure precluded the enrolment of a consecutive popula-
tion of patients with left ventricular dysfunction and 1. Tanasescu D, Berman D, Staniloff H, Brachman M, Ramanna
could have introduced some pre-referral bias. Thus, our L, Waxman A. Apparent worsening of thallium-201 myocar-
results should be cautiously applied to the general popu- dial defects during redistribution — What does it mean? [ab-
lation of patients with chronic coronary artery disease. stract]J Nucl Med1979; 20: 688.
The adopted cut-off values to define the tracer uptake2- Hecht HS, Hopkins JM, Rose JG, Blumfield DE, Wong M.
categories and significant redistribution are arbitrary, al- Reverse redistribution: worsening of thallium-201 myocardial
though supported by several other studies [13, 14, 17, images from exercise to redistributidRadiology1981; 140:

) ; 177-181.
21-23, 25, 26, 32]: thus, different results could be 0b'3 Silberstein EB, DeVries DF. Reverse redistribution phenome-

tained by changing these thresholds. The use of post-re-" ., i thallium-201 stress tests: angiographic correlation and

fine the presence of viable myocardium within asynergic 4. weiss AT, Maddahi J, Lew AS, Shah PK, Ganz W, Swan HJC,

areas is not devoid of important limitations [35, 36].
Baseline wall motion abnormalities, in particular hypo-

kinesia, may be caused by myocardial hibernation or

scarring, but also by an admixture of fully viable and
functioning tissue with subendocardial scarring [35]. In
the last instanc&91T| uptake in the viable layers will be

detected, but no post-revascularization recovery is to be
expected. Furthermore, it is still debated whether seg-g

ments without recovery but with presen#9dT| uptake
behave differently than segments without tracer activity
in terms of future ventricular remodelling, risk of ar-
rhythmic disturbances and prognostic
[35—37]. Other problems might derive from the arbitrary

time points chosen for the follow-up control, because the

theoretical possibility of a later improvement in contrac-
tility cannot be excluded. However, whilst no earlier
controls were performed, in several patients the timing
of follow-up echocardiography was actually more de-

layed than that indicated in the protocol. On the other
hand, this time interval and the lack of a post-revascular-9.

ization control of myocardial perfusion do not allow ex-
clusion of the possibility of restenosis or bypass dys-
function, although in all patients clinical evaluation and

in angioplasty patients also exercise stress testing werd

negative in this regard.
In summary, our data indicate that on rest redistribu-
tion 20IT| imaging: (1) reverse redistribution segments

may or may not include enough viable tissue to achieveq.

a significant functional improvement after revasculariza-
tion; and (2) the quantification of redistribution activity
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