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Generator-Produced Copper-62-PTSM as a
Myocardial PET Perfusion Tracer Compared
with Nitrogen-13 -Ammonia
Eiji Tadamura, Nagara Tamaki, Hidehiko Okazawa, Yasuhisa Fujibayashi, Takashi Kudoh, Yoshiharu Yonekura,
Yasuhiro Magata, Ryuji Nohara, Shigetake Sasayama and Junji Konishi
Department of Nuclear Medicine, Third Division, Department of Internal Medicine, Kyoto University Faculty of Medicine,
Kyoto, Japan

The purpose of this study was to determine the suitability of 62Cu-
pyruvaldehyde bis(N4-methylthiosemicarbazone) f2Cu-PTSM) for es

timating myocardial blood flow (MBF) over a wide range of flow by
comparison with 13N-ammonia (^Nhy. Methods: PET studies using
62Cu-PTSM and 13NH3were performed at rest and after pharmaco

logical vasodilatation in 9 normal subjects and 13 patients with
coronary artery disease (CAD). According to the microsphere
method, values for the product of the extraction fraction and MBF
(ExMBF) were calculated using both tracers. In static images, the
percent uptake (normalized to the peak count) of each tracer was
measured in patients with CAD. Results: The myocardial tracer
distribution in the normal subjects was significantly higher in the
inferior wall in the 62Cu-PTSM studies and lower in the lateral wall in
the 13NH3studies. The ExMBF values showed linear correlation for

both tracers in a low flow range. In a high flow range, however, the
ExMBF values for 62Cu-PTSM were nonlinearly proportional to the
increase of those for 13NH3(y = 1.1x-0.21x2, r = 0.81). The percent
uptake for both tracers at baseline well correlated linearly (y =
10.4 + 0.88x, R = 0.91). After pharmacological vasodilatation
underestimation of blood flow with 62Cu-PTSM was noted com
pared to that with 13NH3at high flows (y = 31.8 + 0.63x, r = 0.76).

Conclusion: These results suggest that the MBF estimates using
62Cu-PTSM in a low flow range may be as accurate as those with
13NH3. In a high flow range, however, the extraction fraction of
62Cu-PTSM is considered to be lower than that of 13NH3,and this
may limit the estimation of MBF with 62Cu-PTSM after pharmaco

logical vasodilatation.
Key Words: PET; myocardial blood flow; copper-62-PTSM; nitro-
gen-13-ammonia
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Ioninvasive evaluation of myocardial blood flow (MBF) is
one of the most important aspects in cardiology. MBF can be
quantitatively assessed by: PET using 13N-ammonia (13NH3)
(7-5) or 15O-water (6-8) produced by cyclotron, and 82Rb-

chloride (9) produced by a generator.
Positron-emitting radionuclides produced by a generator

could potentially expand the application of PET to centers that
do not have an in-house cyclotron. Several studies have shown
that 82Rb, in combination with pharmacologie stress, enables

the accurate detection of coronary artery disease (CAD) (70-
72). PET imaging with 82Rb have relatively low intrinsic

resolution because Rb emits a high-energy positron that travels a
long distance before colliding with an electron to produce two
gamma photons (73). In addition, generation of 82Sr requires a

high-energy cyclotron, which makes this generator expensive.
Therefore, alternative generator-produced radiopharmaceuticals
for PET have long been desired. The 62Zn/62Cu radionuclide

generator is a potential source of radiopharmaceuticals for PET.
Copper-62-pyruvaldehyde bis(N4-methylthiosemicarbazone)
(62Cu-PTSM) has been introduced as a new generator-produced

perfusion tracer.
Previous investigations suggested that 62Cu-PTSM repre

sented a promising radiopharmaceutical for the evaluation of
myocardial perfusion in animals and when applied to the
normal human heart (14-22). This study was designed to
determine the suitability of 62Cu-PTSM for evaluating MBF in

patients with CAD as well as in normal subjects over a wide
range of flow by comparison with I3NH3 (23).

MATERIALS AND METHODS

Tracer Preparation
Zinc-62 was obtained by 63Cu(p,2n)62Zn nuclear reaction using

natural copper (63Cu, 69.2%) as a target material. A 62Zn/62Cu
generator was prepared with 62ZnCl?

pH 5.0) by the method as
i2 aqueous solution (l.lGBq,

previously reported (24). In this
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TABLE 1
Clinical Data of 22 Subjects

Stenosison CAD Study state

Subject
no.12345678910111213141516171819202122Age(yr)34394349505257647168697071796262636768737881SexMMMMMMMMMFFMFMMMMMMMFMClinical

RCA
diagnosis(%)NormalNormalNormalNormalNormalNormalNormalNormalNormalAP

75AP
75AP
75AP
90APinf

Ml100ant
Mlant
Mlant
Mlant
Mlant
Mlant

Ml100latMlLAD

LCX
(%) (%) RestDip+

++
++
+++++++++

+90
+75

75+99
100+75
100+99

+99
90 ++100

+100
+99
+90

75 ++99
+

Ml = myocardialinfarction;AP = anginapectoris;ant = anterior;inf = inferior;lat = lateral;RCA= rightcoronaryartery; LAD= leftanteriordescendence;
LCX = left circumflexartery; dip = dipyridamole.

generator system, cation-exchange resin was packed into a column,
and <>2Znsolution (1.1 GBq, in 2 ml of water, pH 5.0) was loaded
to adsorb 62Zn. A glycine solution (200 mM) was used as the
eluant and 62Cu-glycine complex was obtained in glycine solution.
PTSM was prepared as described previously (25 ). The 62Cu-PTSM

was quantitatively obtained by simple mixing of the generator
eluate, 62Cu-glycine and PTSM solution for a few seconds by a

ligand-exchange reaction (26). After preparation of the generator,
eluate could be acquired at the interval of every 40 to 60 min. The
elution efficiency was 60% to 70%, and the radiochemical purity
was greater than 95%. The product was acquired in a total volume
of 4 ml of 62Cu-PTSM (0.1 mM PTSM in 5% dimethyl sulfoxide)

with glycine solution.
Nitrogen-13-ammonia was produced by l6O(p,a)'3N nuclear

reaction with water irradiation using an ultracompact cyclotron
followed by reduction to 13N-ammonia with titanous hydroxide.
The '3N-ammonia was collected in saline solution and passed
through a Millipore filter (27-29).

Subjects
The study group consisted of 22 subjects (18 males and 4

females; age 62.3 Â±12.9 yr, mean Â±s.d.) including 13 patients
with angiographically confirmed ischemie heart disease and 9
healthy male volunteers (Table 1). None of the volunteers had a
history of cardiac diseases, hypertension or any cardiac symptoms.
Each subject gave a written informed consent approved by the
Ethical Committee of Kyoto University Faculty of Medicine.

PET
The PET studies were performed using a whole-body PET

camera. It provides 15 slices at 7 mm intervals simultaneously. The
scanner has an effective resolution of 9 mm and an axial resolution
of 7 mm at full width half maximum after reconstruction (30).
Each subject was positioned on the PET camera with an aid of
ultrasound technique. At the beginning of the PET study, a

transmission scan was obtained for 20 min using a 68Ge/68Ga

source external to the patient in order to correct photon attenuation.
PET cardiac imaging using 62Cu-PTSM (421 Â±76 MBq) and

13NH3(411 Â±82 MBq) were performed with the same dynamic

acquisition protocol. Serial images were recorded for 10 min
immediately after intravenous administration of each tracer as a
slow bolus over 30 sec. The acquisition sequence consisted of
12 X 10-sec images and 8 X 60-sec images. In addition, the last
set of eight contiguous images (2-10 min after tracer administra
tion) served as static images. Following reconstruction of 15
transverse tomograms, oblique tomograms parallel to the long- and
short-axis of the left ventricle were also reformatted. Fifteen
subjects (six normal subjects and nine patients with CAD) in this
study group underwent both I3NH3 and 62Cu-PTSM studies at

baseline. Thirteen subjects (six normal subjects and seven patients
with CAD) were examined with both tracers after dipyridamole
infusion (0.56 mg/kg body weight during 4 min) in order to assess
regional myocardial blood flow during hyperemic condition. Heart
rate, blood pressure and 12-lead electrocardiogram (ECG) were
recorded before and every 1 min during the protocol. All subjects
who underwent dipyridamole studies had abstained from caffeine
for 24 hr. In each subject, these studies were performed within 2
days and appropriate time delays to allow for decay of tracers were
interspersed between the different PET studies.

Data Analysis
The regional myocardial distribution of each tracer in normal

subjects was evaluated at rest and after pharmacological vasodila
tation. The circumferential profile curve was generated from apical
to basal short-axis slices to create a polar map of 100% as a
maximum count in each 62Cu-PTSM and 13NH3distribution. To

assess the heterogeneity of the tracer distribution the left ventric
ular myocardium was subsequently divided into four major seg
ments (anterior, lateral, inferior, septal) on the polar map, and the

730 THE JOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 5 â€¢May 1996



FIGURE 1. Three transaxial slices
illustrate 11 ROI definition. Small
ROI assigned to the left ventricular
blood pool to derive arterial input
functions is also illustrated.

regional data were expressed as the mean percent of the maximum
myocardial activity Â±s.d. for each study.

In order to compare the image quality of each tracer, regions of
interest (ROIs) were placed over the liver and left ventricular
cavity on the static images. The count ratios of myocardium-to-
blood pool and myocardium-to-liver were calculated in each study.

Figure 1 shows 11 ROIs placed over the left ventricular
myocardium on the static images. The myocardial uptake percent
in static images was calculated after the normalization to each peak
value in the study. In addition, maximum-to-minimum count ratio
in each study of patients with CAD was also calculated to
determine the contrast between ischemie and normal segments.

Since 62Cu-PTSM shows markedly prolonged myocardial reten
tion and rapid blood-pool clearance (17,19) and 13NH3 also

exhibits properties that resemble those of microspheres (31), the
microsphere method (32 ) was applied for quantitative analysis of
MBF. According to this method, MBF is expressed as follows:

ExMBF =
CT(t)

I

Eq. 1

Ca(r)dT

where E is the extraction fraction of each tracer, CT(t) represents
tissue radioactivity and Ca(t) is the arterial input function obtained
from the ROIs drawn on the left ventricular cavity after correction
for blood metabolites. In order to acquire the blood-pool activities,
two ROIs were drawn on the cavity of the mid-ventricular imaging
planes and were averaged for reduction of the noise level. Then
these ROIs and the 11 ROIs placed over the myocardium described
above were copied on serial dynamic PET images in each study.
The blood pool in the 62Cu-PTSM and I3NH3 studies includes

metabolites. Therefore, in order to correct for metabolites in the
62Cu-PTSM studies, the octanol-extractable part of 62Cu was

considered as the corrected arterial input function (35). We used
the mean ratio of radioactivity in the octanol phase to the total

blood activity obtained from the arterial blood samples in ten other
subjects. A monoexponential curve was fitted to the percent of
octanol-extractable 62Cu-PTSM in blood over time. The ratio (y) at

time t (sec) was expressed as follows: y = 0.921 X
exp(-0.00614t) (R = 0.945) (34). Blood-pool activities of 13NH3

were corrected according to a previous investigation (35). At 120
sec after injection of each tracer, ExMBF was calculated according
to Equation 1.

Statistical Analysis
All data are expressed as mean Â±s.d. Blood pressure, heart rate,

count ratios of different organs and those of normal-to-ischemic
segments in 62Cu-PTSM and I3NH3 studies were compared by
paired Student's t-test. Hemodynamic data after dipyridamole

infusion were compared with those at baseline by unpaired Stu
dent's t-test. The regional myocardial tracer distribution in myo
cardial segments on the bull's eye map was compared by analysis
of variance with the Fisher's protected least significant difference

method. Probability values <0.05 were considered significant.
Regression equations were calculated by the least-squares fit to
first- or second-order polynominal functions.

RESULTS

Hemodynamic and Symptomatic Responses
to Dipyridamole

Sixteen subjects were studied with both 62Cu-PTSM and
13NH3 at rest. The mean systolic blood pressure and heart rate

was 129 Â±23 mmHg and 67 Â±8 bpm, respectively. Thirteen
subjects were studied with each tracer after dipyridamole infusion
and their systolic blood pressure and heart rate was 126 Â±32
mmHg (p = n.s.) and 80 Â±14 bpm (p < 0.001), respectively.

Hemodynamic parameters did not differ significantly between
62Cu-PTSM and 13NH3studies.

There were no serious side effects during dipyridamole
infusion. One patient needed intravenous administration of
aminophylline because of epigastric pain at the time of 62Cu-

PTSM study. Aminophylline was infused 5 min after tracer
administration and would not have affected the result of this
study because the input into the myocardium was almost
completed within 2 min. Some mild symptoms of flushing,
headache, chest pains and dizziness were observed in nine
subjects, but these subsided promptly without treatment.

Image Quality and Regional Tracer Distribution
in Normal Subjects

Figure 2 shows images of the heart of a normal subject
obtained with 62Cu-PTSM and 13NH3 at rest and after dipyri

damole infusion. Excellent image quality of the myocardium
was observed with both tracers, although 13NH3provided superior

image quality because of its high contrast between myocardium
and underlying liver tissue or blood pool. Table 2 shows the mean
count ratios of myocardium to blood and myocardium to liver in
static images at rest and after pharmacological vasodilatation. At
baseline, myocardium to blood count ratio was higher with I3NH3
than with 62Cu-PTSM (5.21 Â±1.61 versus 3.13 Â±0.56, respec

tively, p < 0.001 ) and the myocardium to liver count ratio was also
higher with 13NH3(1.20 Â±0.31 versus 0.67 Â±0.23, respectively,

p < 0.001). Similar differences were observed after pharmacolog
ical vasodilatation (Table 2).

Figure 3 shows the regional myocardial distribution of
62Cu-PTSM and I3NH3 at rest and after dipyridamole infusion
in six normal subjects. The 62Cu-PTSM uptake was signifi

cantly greater in the inferior region as compared to the lateral
and septal regions at rest and to the anterior, lateral and septal
regions after pharmacological vasodilatation. The 13NH3uptake

was significantly lower in the lateral region of the myocardium
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Cu-62 PTSM

PEST D1PYRIDOMOLE

N-13 ammonia

RGURE 2. Example of ^Cu-PTSM (top) and 13NH3 (bottom) studies in a
normal subject in the short-axis view at baseline (left) and after pharmaco

logical vasodilatation (right). Good image quality of the heart is observed with
both tracers. Note the high liver activities adjacent to the inferior wall in
^Cu-PTSM studies and decreased tracer uptake in the lateral wall in
13N-ammonia studies.

as compared to the anterior, septal and inferior regions both at
rest and after pharmacological vasodilatation.

Relative Tracer Distribution in Patients with CAD
Figure 4 shows the relationship of the percent uptake of the

two tracers at rest and after dipyridamole infusion in patients
with CAD. Excellent correlation was observed at rest (y = 10.4
+ 0.88x, R = 0.91). Accordingly, the tracer distributions in the

myocardium at rest also showed close correlation with each
other (Fig. 5).

After pharmacological vasodilatation, however, some under
estimation of high flow segments was noted with 62Cu-PTSM
(y = 31.8 + 0.63x, R = 0.76).

At rest maximum-to-minimum count ratio was 2.72 Â±1.80 in
I3NH3 studies and 2.43 Â±1.43 in 62Cu-PTSM ones (p = n.s.).

After dipyridamole infusion, however, it was 2.50 Â±1.07 and
1.78 Â±0.46, respectively (p < 0.05). Thus, the defect contrast
after pharmacological vasodilatation was less prominent by
62Cu-PTSM than 13NH3 (Fig. 6).

Quantitative Analysis
Figure 7 shows the relationship between the values for

ExMBF for the two tracers at rest (n = 15; filled circles) and
after pharmacological vasodilatation (n = 13; open circles). The
ExMBF values for 62Cu-PTSM correlated in a linear fashion
with those for 13NH3 in a lower flow range but they were lower

TABLE 2
Count Ratios

Myocardium-to-Blood Myocardium-to-LJver

Copper-62-PTSMRestDipyridamoleNitrogen-1

3-ammoniaRestDipyridamole3.13

Â±0.56'3.26

Â±0.84'5.21

Â±1.61*5.91

Â±1.99f0.67

Â±0.23*0.80
Â±0.22Â§1.20

Â±0.31*1.
48 Â±0.38s

REST DIPYRIDAMOLE

N-13 ammonia

â€¢p< 0.001; *p < 0.001; *p < 0.001; Â§p< 0.001.

FIGURE 3. Polar map display of myocardial tracer distributionof six normal
subjects at rest and after pharmacological vasodilatation. Mean regional
myocardial 62Cu-PTSM and 13N-ammonia distribution is expressed as a

percent of maximal activity for each study. Each myocardium is divided into
four regions: anterior (ant), lateral (lat), septal (sep), inferior (inf) regions. *p <
0.05 versus lateral and septum. Tp < 0.05 versus anterior, lateral and septum.
*p < 0.05 versus anterior, septal and lateral regions.

with relatively large variation in a high flow range compared to
those for I3NH3 (y = l.lx-0.21x2, R = 0.81).

DISCUSSION
These results indicate that 62Cu-PTSM permits estimation of

MBF as accurately as 13NH3 in patients with CAD as well as

normal subjects at rest. After pharmacological vasodilatation,
however, the ExMBF values obtained with 62Cu-PTSM were

significantly lower with large variation compared to those with
I3NH3 probably due to the lower extraction fraction in a high

flow range.
Copper-62-PTSM was introduced as a new generator-pro

duced perfusion tracer. Previous investigations suggested that
62Cu-PTSM represented a promising radiopharmaceutical for

the evaluation of MBF in animals (15-19). In addition, Bean-
lands et al. demonstrated that the time-activity curves of
62Cu-PTSM bear a striking resemblance to those of 13NH3 in

that both have prolonged tissue retention, and they also reported
that good image quality was observed at rest and after pharma
cological vasodilatation in six normal human volunteers (20).
Herrero et al. showed that quantification of MBF was feasible
at rest in human volunteers (27). They have shown that
62Cu-PTSM is promising for the evaluation of MBF in the

human heart.
In our studies, 62Cu-PTSM was also found to provide

myocardial perfusion images with good image quality. The
image quality, however, was less satisfactory than that obtained
using NH3 because of the lower myocardium-to-blood and
myocardium-to-liver contrast as shown in Table 2.

In terms of tracer distribution in normal subjects, our data
were consistent with those of previous investigations. There
was slightly increased radioactivity in the inferior wall relative
to the other myocardial segments in the 62Cu-PTSM studies

(20,22). This high radioactivity in the inferior wall was thought
to be due to the cross contamination of high radioactivity in the
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RGURE 4. Comparison of the percent
uptake of each tracer at rest (A) and after
dipyridamole infusion (B) in patients with
CAD. The linear regression lines and cor
relation coefficients for the percent up
take are y = 10.4 + 0.88x, R = 0.91 (A),
y = 31.8 + 0.63X, R = 0.76 (B).
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liver. The 13NH3distribution was also inhomogenous and the low
uptake of I3NH3 in the lateral wall was observed both at rest and

after pharmacological vasodilatation as was also previously re
ported (36-38). Although its mechanism is still unknown, there
appears to be a regional metabolic alteration in 13NH3 tissue

retention (37).
Copper-62-PTSM bears a resemblance of I3NH3 in that both

tracers exhibit properties similar to those of microspheres
(17,19,31). Both tracers have prolonged tissue retention and
rapid clearance from the blood-pool. Therefore the microsphere
model was applied for estimation of MBF. As is the case for all
extractable perfusion tracers, the myocardial uptake of 13NH3 is

inversely and nonlinearly proportional to flow (31). Thus, in a
high flow range, proportionally less tracer is extracted by the
myocardium. Shelton et al. demonstrated that the extraction
fraction of 62Cu-PTSM plateaued at flow rates greater than 2.5

ml/g/min in dogs (19).
Estimation of the accurate input function is essential in order

to obtain quantitative values of MBF in the microsphere model.

Cu-62 PTSM

Herrero et al. presented the octanol-extractable part of 62Cu as

the corrected arterial input function in five dogs (21 ). We
employed here the mean ratio of radioactivity in the octanol
phase to the total blood activity obtained from the arterial blood
samples in ten other subjects in order to correct for metabolites
in the blood pool in the 62Cu-PTSM studies (34).

In the quantitative analysis, values of the ExMBF product
were calculated for each tracer according to the microsphere
method. Bellina et al. (4) applied and validated a similar
method for quantification of MBF in I3NH3 PET studies. While

they obtained the input function by gamma variate fitting before
integration, we acquired it after correction for metabolites
according to the previous investigation (35). When the extrac
tion fraction of both tracers is assumed to be equal, ExMBF
should also be equal. In this study the ExMBF of 62Cu-PTSM
was well correlated in a linear fashion with that of I3NH3

in a low flow range as shown in Figure 7. The ExMBF of
62Cu-PTSM, however, showed less marked increase compared

Cu-62 PTSM

*
N-13 ammonia

FIGURE 5. Copper-62-PTSM (top) and 13N-ammonia (bottom) contiguous

transaxial images obtained at baseline in a patient with anterior myocardial
infarction. The tracer distribution in the myocardium correlates closely with
each other. Note the high liver activity in 62Cu-PTSM study compared to
13N-ammonia study.

N-13 ammonia

FIGURE 6. Copper-62-PTSM (top) and 13N-ammonia (bottom) contiguous

transaxial images of a patient with CAD following dipyridamole infusion.
Coronary angiography showed 75%-90% stenosis in the right and left
anterior descending coronary artery in this patient. Note that the dipyri-
damole-induced perfusion defect in the anteroseptal region was more
prominent with 13N-ammonia than with 62Cu-PTSM.
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FIGURE 7. Comparison of the ExMBF values between each tracer of 16
subjects at rest (filled circles) and 13 subjects after pharmacological vasodi
latation (open circles). The ExMBF values of 62Cu-PTSM increase more
gradually according to higher flow than 13N-ammonia.

to that of I3NH3 in a high flow range. This result indicates the
extraction fraction of 62Cu-PTSM is not as high as that of I3NH3

especially in a high flow range. In this respect Cu-PTSM may not
be suitable for the accurate estimation of hyperemic flow after
vasodilatation in the human heart compared to I3NH3.

These data also account for the results of relative distribution
of each tracer in the patients with CAD. At baseline, the uptake
of both tracers was highly correlated because their extraction
fractions did not differ in a low flow range. After pharmaco
logical vasodilatation, however, the percent uptake was under
estimated with 62Cu-PTSM at high flows. This indicates that the

contrast between normal and ischemie segments was less
prominent due to the lower extraction fraction of 62Cu-PTSM
relative to that of 13NH3 in a high flow range. Therefore,
62Cu-PTSM images are unlikely to detect mild coronary artery

stenosis. In fact, the dipyridamole-induced perfusion defect in
the anteroseptal region observed with I3NH3 was not so evident
with (l2Cu-PTSM (Fig. 6). Further evaluation is needed to

determine the feasibility of MBF estimates in a high flow range.
In the quantitative study, ExMBF showed good correlation

for the two tracers in a low flow range. Therefore, MBF
estimates with 62Cu-PTSM at rest are considered to be as
accurate as those with NH3 in patients with CAD as well as
normal subjects. In this respect, clinical application of
myocardial tissue viability may be feasible with combined
imaging of 62Cu-PTSM and FDG at rest (39,40). On the
other hand, the MBF estimates obtained with 62Cu-PTSM in

a high flow range were significantly underestimated compared
to those with I3NH3. In this respect, the quantitative estimation

of MBF after pharmacological vasodilatation seems to be
limited.

Limitations
In this study, MBF estimates by 62Cu-PTSM was compared

with those by 13NH3 at rest and after pharmacological vasodi

latation on different days. Therefore, the MBF may not be
absolutely the same in the two 62Cu-PTSM and 13NH3 studies

especially after pharmacological vasodilatation. Hemodynamic
data and frequency of subjective symptoms, however, were not
significantly different between these studies.

In this study the microsphere method was applied for obtain
ing quantitative values of MBF. In this model spillover from the
blood pool to the myocardium is not taken into consideration
(5 ). In this respect, a more sophisticated method is required for
precise quantification of MBF (2,3,21). This problem does not
seem to have influenced significantly the results of this study,
because of the spillover may be similar in the 62Cu-PTSM and
I3NH3 studies.

CONCLUSION
Copper-62-PTSM is considered to be a promising new PET

tracer for evaluating MBF at rest in normal subjects and in
patients with CAD as well. The MBF estimates, however, with
this agent may be limited in a high flow range.
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Thallium-201 Reverse Redistribution at Reinjection
Imaging Correlated with Coronary Lesion, Wall
Motion Abnormality and Tissue Viability
Paolo Marzullo, Alessia Gioielli, Alberto Cuocolo, Leonardo Pace, Claudio Marcassa, Gianmario Sambuceti, Michele Galli,
Assuero Giorgetti, Silvia Stefanini, Oberdan Parodi and Antonio L'Abbate
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Cardiology Division, Fondazione ClÃnicadel Lavoro IRCCS, Veruno, Italy

Previous studies based on standard stress-redistribution 201T1scin-

tigraphy provided conflicting results about the clinical significance of
201TIreverse redistribution. Recent observations indicate that the

majority of these defects normalize following reinjection reflecting
viable myocardium. Methods: In this study, the meaning of reverse
redistribution occurring at reinjection imaging, its relation to stan
dard 4-hr redistribution, coronary lesion, abnormal wall motion and
tissue viability were assessed. A region with normal activity in the
stress image was considered as having reverse redistribution if 201TI

activity at reinjection imaging was definitely abnormal with a de
crease in relative tracer uptake >15% of the peak. From a series of
270 patients, 29 showed reverse redistribution. Of these 29 patients,
27 had evidence of previous myocardial infarction. Coronary lesions
were detected in all but 1 patient. Average ejection fraction was
0.38 Â± 0.11. Results: On a segmental basis, 50/377 regions
showed the pattern of reverse redistribution. A significant coronary
lesion (>50%) was found in 78% of these regions; occlusion rate
was 50%, and collateral circulation was found in 35% of occluded
vessels. Hypokinesis or akinesis was present in 72% of segments.
Tissue viability, defined as an uptake >55% of the peak, was found
in 44% of these segments. The 50 segments showing reverse
redistribution were divided into two groups according to an abnor
mal uptake also at 4-hr redistribution (group 1, 25 segments) or
appearing only following reinjection (group 2,25 segments). Despite
segments of group 1 showing a higher degree of coronary stenosis
(80 Â±32 versus 59 Â±43%, p < 0.01), a similar rate of coronary
occlusion, ventricular dysfunction and maintained viability was
found in the two groups. Conclusion: Reverse redistribution in

chronic coronary artery disease is frequently associated with signif
icant coronary lesion, collateral-dependent dysfunctioning myocar
dium and preserved tissue viability. The occurrence of reverse
redistribution following reinjection expands the indication for viability
imaging to all patients with known coronary artery disease and
regional wall motion abnormalities who undergo diagnostic and
prognostic 201TIscintigraphy.

Key Words: thallium-201 scintigraphy;regionalventricularfunction;
coronary artery disease
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linical studies have demonstrated that the dynamic change
in defect extension and severity detected by sequential stress-
redistribution 20IT1 imaging has a high diagnostic and prognos

tic accuracy (7,2). Furthermore, a series of experimental obser
vations have confirmed these findings in normal, ischemie and
hyperemic conditions (3,4). The recent introduction of reinjec-
tion imaging shifted a great proportion of scintigraphic defects
from the fixed to the reversible category, with a reclassification
of 201T1abnormalities (5,6).

On the other hand, the observation where initially normal
areas of 201T1uptake subsequently show defects on postexercise

images (reverse redistribution) has still neither clinical correlate
nor experimental models. Thallium-201 studies performed be
fore the introduction of reinjection imaging provided conflict
ing results. Some authors showed a good correlation to vessel
patency and nontransmural myocardial infarction (7,8) that was
not observed by others (9,10). Technical explanations, such as
background oversubtraction or slow redistribution occurring in
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