
perfusion abnormalities which persist on the delayed
images are considered as myocardial scar (1-5).

However, several studies using stress and 3- to 4-hr
delayed 201T1imaging have demonstrated that nonre
versible perfusion abnormalities frequently exhibited
normal perfusion after coronary revascularization (6,
7). In addition, these nonreversibleperfusion defects
occasionally have persistent metabolic activity by posi
tron emission tomography using â€˜8F-deoxyglucose(8-
11).

Since the extent of a persistent defect on 3â€”4-hr
delayed images occasionally decreases on 24-hr delayed
images(12), late 201'flimaging has recently been utilized
to identify reversible ischemic myocardium (13,14).
However, the late imaging may not necessarily provide
satisfactory images due to inadequate counts with low
target-to-background ratios (15). In addition, it is often
difficult to ask out-patients to return to the hospital on
the following day for the late imaging.

To solve these potential problems, reinjection of a
small amount of 201@flat rest following 3â€”4-hrdelayed
imaging has been proposed to identify ischemic myo
cardium (16). Preliminary studies showed occasional

ifil-in of the tracer after reinjection in the areas of
persistent perfusion abnormality on stress-delayed 201'fl
imaging (15-1 7). Thus, the purpose of this study was
to clarify, with use ofsingle-photon emission computed
tomography (SPECT), the clinical significance of fill-in
on the reinjection images following 3-hr delayed 2OVfl
imaging by comparing regional wall motion, electrocar
diographic (ECG), and angiographic results.

MATERIALS AND METhODS

Study Patients
Sixty consecutive patients with documented coronary ar

tery diseasewho showedperfusionabnormalityon the post
exercise 20â€•flSPECT were selected for this study. Coronary
artery disease was determined based on significant narrowing

To identifyreversibledefects,reinjectionof a smallamount
of thallium-201(20111)following3-hrdelayedimagingwas
pertormedin60patientswithcoronaryarterydiseasewho
had perfusionabnormalitieson their post-exercise201T1
images.Thallium-201uptakewas visuallyscoredand
judged as normal (Group I), reversible defect (Group II),
newfill-inafterreinjection(GrouplIla)andnofill-ineven
after reinjection (Group IlIb). New fill-in after reinjection was
observed in 27 segments of the 85 segments (32%),
showingpersistentdefect on the stressand delayedim
ages.ThewallmotioninGrouplIlawasworsethanGroup
II butbetterthanGroupIlIb.GrouplIlashowed0-wave
on ECG moreoften(69%) than GroupII (27%) (p < 0.01),
but lessoftenthanGroupIlIb(85%)(p< 0.05).Thesedata
indicate that the reinjection @Â°@Tlimaging often identifies
newfill-inintheareasof noredistributiononthedelayed
images and it may hold promise for assessing tissue
viabilitywhich the conventionalimagingmay underesti
mate.

J NucIMed 1990;31:1617â€”1623

haffium-201 (201'fl)myocardial imaging has been
widely used to detect coronary artery disease and to
characterize the coronary lesions. The unique property
ofthe tracer to redistribute in the myocardium has been
applied to differentiate reversible myocardial ischemia
from scar (1,2). For this purpose, immediate post
exercise 201Tlimages are compared with 3- to 4-hr
delayed images taken at rest. The post-exercise perfu
sion abnormalities, which improve with its uptake (re
distribution), represent ischemia, whereas the initial
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(75% in diameter) on coronary angiogram (n = 53) or
perfusion abnormality on stress 201Tlimaging (n = 7). There
were 50 men and 10 women ranging in age from 40 to 75 yr
(mean = 60.9). Forty patients had documented myocardial
infarction, based on ECG criteria or clinical history. Twenty
patients showed anterior wall myocardial infarction, 4 lateral
infarction, 14 inferior infarction, and 2 patients had both
anterior and inferior infarction, based on the location of Q
waves on ECO.

Exercise @Â°1TlStudyProtocol
All patients underwent graded bicycle exercise testing start

ing at 25 watts with 25-watt increments every 3 mm; a 12-
lead ECG and blood pressure were monitored during each
minute of exercise. The exercise continued until the patient
had severe fatigue, chest pain, dyspnea, more than 0.2 mY of
ST-segment depression or 85% ofage-predicted maximal heart
rate. Approximately 100 MBq (2.7 mCi) of 201T1was intrave
nously injected at peak exercise and the exercise continued
for one additional minute. Five to 8 mm later, post-exercise
SPECT imaging was started. At the conclusion of imaging,
patients were asked not to perform strenuous activities and to
refrain from eating any carbohydrates. Three hours later,
delayed SPECT imaging was started. Immediately after de
layed imaging, 40 MBq (1.1 mCi) of20'Tl was injected at rest.
Ten minutes later, reinjection SPECT imaging was started.

For each SPECT study, a General Electric 400 AC/T model
camera equipped with a general-purpose parallel-hole colli
mator interfaced to a MaxiStar computer was used. Thirty
two views were collected for 30 sec each over 180-degree arc
starting from 45Â°left posterior oblique (LPO) to 45Â°right
anterior oblique (RAO) projections (18â€”21).A series of trans
axial slices were reconstructed with filtered backprojection
using a Ramp-Hanning filter with a cutoff frequency of 0.5
cycle/pixel. No attenuation correction was used. Oblique tom
ogramsparallelto the long-and short-axesofthe leftventricle
were reconstructed from the transverse slices (18â€”21).

Image Interpretations
The post-exercise, delayed, and reinjection SPECT images

were displayed side-by-side to review and score the distribu
tions. The left ventricular myocardium was divided into five
segments (anterior, septal, inferior, lateral, and apical seg
ments)(Fig. 1)(19â€”21).Thallium-20l uptake in each segment
wasscoredbyconsensusoftwo experiencednuclearphysicians
using a five-point grading system, (0 = normal, 1= equivocal,
2 = mild, 3 = moderate, and 4 = severe reduction) without
knowledge ofclinical, ECG, or angiographic data.

The initial perfusion image was considered normal when
the post-exercise score was 0 or 1 (Group I); for a myocardial
segment with a score of 2 or greater, the initial perfusion
abnormality was considered abnormal. When the score de
creasedone or more on the delayedimages,the segmentwas
considered to show redistribution (Group II). When the score
was unchanged(no redistribution)(Group III), the segments
were further divided into two subgroups based on the reinjec
tion images. When the score decreased one or more on the
reinjection images, the segment was considered fill-in after
reinjection (Group lIla); when the score did not decrease with
reinjection the segment was considered no fill-in after reinjec
tion (Group IlIb).
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FIGURE1
Schematic presentation of three short-axis slices, and mid
verticalandhorizontallong-axisslicesdisplayingfivemyocar
dialsegments.The distributionsof the threemajorcoronary
arteriesare also described.

RegionalWall MotionAnalysis
Resting left ventricular wall motion was assessed by multi

gated radionuclide ventriculography in the anterior and LAO
projections in 53 patients. The left ventricle was similarly
divided into five segments. Two experienced nuclear physi
cians reviewed regional wall motion in each segment using
cine-mode display without knowledge of 201Tlor clinical re
suits, and scored it using a five-point grading system (normal
= 0, hypokinesis = 1, severe hypokinesis = 2, akinesis = 3,

dyskinesis = 4).

CoronaryArtenography
Coronary arteriography was performed within 60 days of

the 201Tlstudy using a standard Sones or Judkins approach.
The coronary arteriograms were interpreted by three experi
enced observerswithout knowingthe 201Tlresults.Each cor
onary lesion was graded as complete occlusion (100%), 99%,
75%â€”98%or <75% luminal diameter narrowing.

Statistical Analysis
Valuesreported were shown as mean Â±s.d. Differencein

wall motion score was compared with Student's t-test or
analysis of variance (ANOVA). Chi-square analysis (with
Yates' correction) was used to determine difference between
proportions. Probability values <0.05 were considered signif
icant.

RESULTS

Thallium-201ReinjectionFindings
0f60 patients showing perfusion abnormality on the

post-exercise 201T1-SPECT,43 patients (72%) had redis
tribution in at least one myocardial segment and the
remaining 17 patients had no redistribution in any
myocardial segment. The reinjection 20'Tl-SPECT iden
tified new fill-in in 5 of the 17 patients (29%) (Fig. 2),
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whereas 12 patients (71%) had persistent defect even
after reinjection (Fig. 3).

Of 300 myocardial segments, 130 segments (43%)
showed normal perfusion on the post-exercise 201'fl
images (Group I). Of 170 segments with post-exercise
perfusion abnormality, 85 segments (50%) showed re
distribution (Group II), and the remaining 85 segments
showed no redistribution (Group III) on the delayed
images. The reinjection 201Tl-SPECT identified new fill
in in 27 segments (32%) (Group lIla), while the re
maining 58 segments (68%) did not show any improve
ment after reinjection (Group IIIb) (Table 1).

Relationto RegionalWall Motion
Radionuclide ventriculography was obtained in 51

patients to assess regional wall motion. Regional asyn

ergy was observed in 143 of the total 255 segments
(56%). The mean wall motion score was 0.54 Â±0.90 in
Group I. The score in Group II (0.97 Â±1.18) was
significantly higher than that in Group I (p < 0.01), but
it was lower than that in Group III (2.36 Â±1.28) (p <
0.01), indicating lessseverewall motion abnormality in
Group II than that in Group III. When Group III was
further divided into two subgroups, based on the find
ings of the reinjection imaging, the wall motion score
in Group lila (1.64 Â± 1.29) was lower than that in
Group II (p < 0.05) but higher than that in Group IIIb
(2.7 1 Â±1. 12) (p < 0.0 1) (Table 2), suggesting that wall
motion abnormality in Group lila was more severe
than in Group II but less severe than in Group IIIb.

When anterior and apical segments were selected for
analysis, the wall motion score in Group lila (1.55 Â±

STRESS
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FIGURE3
Fourrepresentativeshort-axisslicesof
post-exercise(top), 3-hr delayed(mid
dIe)andreinjection(bottom)imagingof
a patient with anterior wall myocardial
infarction.A largeperfusiondefectis
seen in anteriorand septal regions
withoutredistributionon the delayed
images.Similardistributionis observed
in the reinjectionimagingwithout defi
nite fill-in of the tracer in the same
areas.
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Number of SegmTABLE
I

ents in Each Group Based on201TlFindings@Â°1Tl

findingsn

(%)GroupStressDelayedReinjectionI

NormalNormal Normal1 30(43%)II
ReducedRD Fill-in85(28%)lIla
Reducedno RD New fill-in27(9%)lllb
Reducedno RD no fill-in58(19%)Total300

(100%)RD

= redistribution.

Groupnnon-O-wave0-waveII

lIla
ilIb75

26
5055

(73%)
8(31%)
6 (15%)20(27%

18(60%
44(85%t.

tp
< 0.01.

p < 0.05.

Wallmotionscore

I1040.54Â±0.90II

lila
lllb75

25
510.97

Â±1.18,
l.MÂ±l.294@
2.71 Â±1.12J.p<0.01.tp<0.05.

Seventy of NarrowTABLE
4

ing on Coronary Arteriograms in Each
GroupGroupnCoronary

artenogram<99%

stenosis 99%stenosisII

lila
IlIb79

26
5040

(51%) 25 (4@@h
7 (27%) 19 (73%)Jt

12 (24%) 38(76%).

p < 0.01.

tp<O.05.

TABLE 3
Number of Segments Showing 0-wave on ECG in

Each Group

in Group II (49%) (p < 0.05), although similar fre
quency was observed in Group lila with that in Group
IIIb (76%) (Table 4).

DISCUSSION

This study highlights the ability of reinjection 201T1-
SPECT to detect viable myocardium in patients exhib
iting no redistribution on their routine stress and de
layed 201Tlimaging. Reinjection SPECT identified new
fill-in after reinjection in approximately one-third of
the segments with persistent defect on the routine im
aging. This subgroup had more severe wall motion
abnormalities than those showing redistribution on the
delayed images, but the wall motion in these segments
was better than those where no fill-in was observed even
after reinjection, suggesting that these segments may
represent severely ischemic but potentially viable myo
cardium.

Technical Considerations
Some persistent 201@flperfusion defects are due to

myocardial ischemia, based on studies before and after
revasculanzation (6, 7) or comparative studies with met
abolic imaging using positron emission tomography (8-
11). Therefore, a new technique should be explored for
detecting ischemia in areas of persistent defects on the
routine 201Tlimaging. Since some severely ischemic
myocardial segments redistribute long after 201T1ad
ministration, the late redistribution imaging has been
proposed for enhanced detection of myocardial ische
mia (13,14). However, late imaging often provided

I .23) was higher than that in Group II (p < 0.05) but

lower than that in Group Ilib (2.89 Â±0.92) (p < 0.01).
The similar results were obtained when inferior and
lateral segments were selected for analysis. Again, the
score in Group lila (1.40 Â±1.02) was higher than that

in Group II (0.62 Â±0.88) but lower than that in Group
IIIb (2.32 Â±1.38) (p < 0.05 each).

Relationto 0-wave on ECG
Forty patients showed Q-wave myocardial infarction

on ECG. When the 20Tl findings were compared to the
presence of Q-wave on ECG, there were 82 Q-wave
segments, all of which corresponded to the areas of
abnormal perfusion on post-exercise 201'fl images.
Twenty segments (27%) of those in Group II showed
Q-wave on ECG. The segments in Group lila showed
Q-wave on ECG more often (69%) than in Group II
(27%)(p< 0.01)butlessoftenthaninGroupIIIb
(85%) (p < 0.05) (Table 3). On the other hand, of 69
segments showing no Q-wave on ECG, 14 segments
(21%)didnotrevealredistributionontheroutine2oâ€•fl
study and were considered as myocardial fibrosis. The
reinjection imaging identified new fill-in in eight of
them (57%) (Table 3).

Relationto CoronaryNarrowing
Coronary narrowing on arteriogram was divided into

moderate narrowing with <99% and severe narrowing
with 99% or 100%. In the segments in Group lila,
severe narrowing was observed more often (73%) than

TABLE 2
Regional Wall MotionScorein Each Group

Group n
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tration within 2 hr after injection. Low plasma 20Tl
concentration often lack redistribution in the ischemic
myocardium (33â€”35).Therefore, it is quite reasonable
that reinjection ofa small amount of20'Tl may enhance
detection ofreversible perfusion defect in the areas with
ischemic myocardium by an increase in plasma 201Tl
concentration.

In comparison with regional wall motion, the degree
of redistribution correlated with the severity of wall
motion abnormality, which was consistent with a pre
vious report (36). Furthermore, the segments showing
new fill-in after reinjection had less severe wall motion
abnormality than those without fill-in even after rein
jection. The preliminary reports also support our find
ings(15,16). Thus, these segments may contain severely
ischemic but viable myocardium.

In comparison with ECG findings, -@80%of those
showing new fill-in after reinjection and Q-waves on
ECG. Histologic studies demonstrated that the seg
ments having Q-wave on ECG occasionally exhibited
only mild fibrosis (37,38). Brunken et al. (39) also
showed persistent metabolic activity on PET in -@â€˜50%
of the Q-wave regions. Thus, the segments exhibiting
Q-wave on ECG may not always represent irreversible
myocardium. Furthermore, the reinjection imaging
identified the new fill-in in 8 of 14 segments (57%),
showing no Q-wave on ECG but no redistribution on
the delayed images. Reinjection imaging is a valuable
means for enhanced detection of reversible ischemic
myocardium.

Limitations
The study population was drawn from patients with

coronary disease who had perfusion abnormalities on
their post-exercise 201Tlimages and, therefore, had se
vere coronary artery disease. On the other hand, the
reinjection of201Tl may not be needed in those who did
not have any perfusion abnormalities on the initial
images.

Although the segments with new fill-in after reinjec
tion represent ischemic myocardium with less abnormal
wall motion when compared to segments with no fill
in, whether these segments will improve after revascu
larization has not yet been proven. Preliminary studies,
however, suggest that those segments are likely to im
prove in regional function after coronary angioplasty
(1 7) or bypass grafting (40) and to have metabolic
activity on positron emission tomography (41,42).

It may be difficult to compare stress 201T1findings on
three-dimensional tomographic images with regional
wall motion on planar radionuclide ventriculogram at

rest. This may cause relatively large variations of wall
motion score in each group. These inherent difficulties
were minimized by assigning five large ventricular re
gions and by averaging wall motion score for compari
son. The mean wall motion score in each group was

unsatisfactory images due to relatively poor image qual
ity (15). The reinjection of a small amount of 201Tl
following the delayed imaging is another alternative for
this purpose (15,16). Reinjection imaging provides
higher count density, which enables precise assessment
of change in tracer concentration such as redistribution
in the areas of initial perfusion abnormality with ade
quate counts and good quality images, particularly in
the case of 201Tl-SPECT. In addition, the entire study
can be completed within 4â€”5hr on the same day,
although the tracer has to be administered twice in this
method. The total injected dose was 140 MBq (3.8
mCi), which was acceptable in respect of radiation dose
to the patient.

We used SPECT imaging for this study because it
has become a widely used technique, which may en
hance detection of myocardial ischemia (19â€”23)and
quantify ischemia or infarcted myocardium (24â€”27).In
addition, change in tracer concentration in initially
hypoperfused segments may be precisely assessed with
separation of the activity in the adjacent areas (28).

Mechanismsof Fill-in
The reinjection 201Tlimages represent part delayed

images and part resting perfusion images. Two separate
injections of the perfusion tracer, such as nitrogen-l 3-
ammonia (10,29) and technetium-99m isonitrile (30),
at rest and during exercise demonstrated reversible is
chemia more often than stress and delayed imaging
using single injection of 201'fl.In addition, Blood et al.
(31) on his comparative study between delayed 201Tl

images and resting images described that more than
20% of the patient showed larger perfusion defect on
the delayed imaging than the resting imaging, and ap
proximately half of them had occluded coronary arter
ies which supplied the defect areas without evidence of
myocardial infarction. Ritchie et al. (32) also showed
similar findings. Therefore, reinjection imaging may
reasonably resolve some perfusion abnormality, partic
ularly in the areas supplied by severe coronary stenosis.

In the case of severe coronary stenosis, the tracer
delivery to the ischemic area may be severely prolonged
due to a lack of post-stress hyperemia or resting hypo
perfusion so that the equilibrium of 201T1in the potas
sium pool is not reached within 3â€”4hr. In this respect,
reinjection or late redistribution imaging will help reach
this equilibrium state and, thus, identify fill-in of the
tracer in the severely ischemic myocardium (13,14).
Gutman et al. (12) demonstrated an inverse relation of
the rate of201Tlredistribution with severity of coronary
stenosis. In our results, although about half of the
segments showing redistribution also had severe
(99%) coronary stenosis, the new fill-in of the tracer
after reinjection was more often observed in the seg
ments supplied by severe coronary stenosis.

Redistribution also depends on plasma 201T1concen
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20. Tamaki N, Yonekura Y, Mukai T, et al. Stress thallium-20l
transaxial emission computed tomography: quantitative ver
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21. Nohara R, Kambara H, Suzuki Y, et al. Stress scintigraphy
using single-photon emission computed tomography in the
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significantly different. In addition, similar differences
were also observed when anterior and inferior segments
were separately assessed. Furthermore, the degree of
redistribution may partly represent resting myocardial
perfusion and, therefore, it was reasonably correlated
with regional function at rest.

CONCLUSIONS

Our results suggest that reinjection of 201Tlfollowing
delayed imaging often shows new fill-in in the areas of
persistent defect on routine stress and delayed imaging.
Since these segments had relatively preserved wall mo
tion and Q-wave on ECG less often than those with no
fill-in, even after reinjection, these segments should be
separately assessed for future treatment. Reinjection
20Tl imaging should be performed when no redistri
bution was observed on the delayed images, and it may
hold promise for identifying severely ischemic but po
tentially viable myocardium.
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A@ present, thallium-201-chlo
ride (201Tl-chloride) remains
the radiopharmaceutical

most widely applied for the clinical
evaluation of myocardial perfusion
in patients with coronary artery dis
ease (CAD). Thallium uptake is, at
least in part, an energy requiring
process (1â€”3);it is therefore reason
able to speculate that the accumu
lation of this agent at the cellular
level is indicative of persistent met
abolic activity, and thus may infer
tissue viability. At a more practical
level, because perfusion and con
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tractile function are typically â€œcou
pled,â€•regional thallium uptake can
also provide a clinical index of myo
cardial viability. However, a num
ber of recent publications (4â€”7),in
cluding the paper by Tamaki et al.
presented in this issue ofthe Journal
(8), have indicated that conven
tional stress/redistribution thallium
imaging may overestimate the ex
tent of infarction in patients with
CAD and thereby underestimate vi
able, and potentially jeopardized,
myocardium.

The initial application of thal
hum in CAD patients involved sep
arate injections of the agent during
exercise and, days to weeks later, at
rest (9â€”10).This approach provided
temporally discrete assessment of

myocardial perfusion under differ
ent physiologic conditions. Perfu
sion abnormalities present on both
stress and rest studies were attrib
uted to prior infarction, in contra
distinction to perfusion defects that
appeared only after stress injection:
these latter abnormalities were at
tributed to exercise-induced ische
mia. The important derivative im
plication of this interpretive pam
digm was that perfusion defects that
persist on repeat imaging after rest
injection infer the absence of isch
emic, jeopardized myocardium in
the corresponding segments.

A major alteration in thallium
imaging derived from the seminal
work by Pohost et al. (11) at the
Massachusetts General Hospital.
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