
artery disease using qualitative estimation of myocardial
flow (3â€”5).Although a practical radiopharmaceutical,
82Rbhasa very short half-life (t@ = 76 see).Data must be
acquired rapidly over a short period of time. As a result,
depending on the instrumentation used, image quality
may be suboptimal (11,12). In addition, generation of 82Sr
requires a high-energy cyclotron, which makes the gener
ator expensive. In light of the limitations of 82Rb, other
generator-produced PET flow tracers are being investi
gated.

The lipophilic perfusion tracer, 62Cu-labeled pyruval
dehyde bis(N-4-methylthiosemicarbazone)copper(II)
(PTSM) may represent such a development. The 62Cu

isotope has 100% positron decay with a physical half-life
of9.7 mm, making it ideal for most PET instrumentation.
It can be produced rapidly and efficiently from a 62Zn/
62Cu generator (parent t@ = 9. 13 hr) (12â€”15).Kinetic
studies in animals have shown that 67Cu-PTSM has a
single-pass extraction similar to â€˜3N-ammonia, with a
markedly prolonged myocardial retention (11) and rapid
blood-pool clearance (12). The myocardial activity appears
to correlate with microsphere determined blood flow in a
canine model, although there is a plateau in the net ex
traction above 2.5 ml/min/g (12). Given these character
istics, it is not surprising that images obtained from dogs
are of high quality (12). The applications of this tracer in
animal studies are promising, however, it is necessary to
evaluate the kinetic properties of 62Cu-PTSM in human
subjects.

The purpose of this study was to define the myocardial
kinetics of 62Cu-PTSM in healthy human subjects and to
determine the suitability of this tracer for evaluating myo
cardial perfusion at rest and after pharmacological vaso
dilation.

METHODS
Before any subjects were enrolled in the study, the study

protocol was reviewed by the Internal Review Board and the
Radiation Safety Committee at the University of Michigan Mcd
ical Center.

Subjects
Sixhealthymalevolunteers(meanage30.3Â±2.3)participated

in the study. There was no evidence of cardiovascular disease in

Copper-62-Iabeledpyruvaldehyde @s(N4-methylthiosemicar
bazone) copper(ll) (PTSM) is a generator-produced myocar
dial perfusiontracer. Animalstudieshave shown high myo
cardial tissue extraction and prolonged retention. The aim of
this study was to define myocardial kinetics of @Cu-PTSM
and to determineits suitabilityfor evaluatingmyocardialper
fusion at rest and during pharmacological vasodilation in
human subjects. In six healthy volunteers, Â°2Cu-PTSMwas
administeredat baselineandduringa 6-mmadenosineinfu
sion (140 @g/kg/min).Dynamic PET imaging with high tern
poral resolutionwas performedover 20 mm. Good image
qualitywas observedat rest and followingadenosine.Myo
cardial kinetics demonstrated prolonged tissue retention with
a clearancehalf-lifeof 105 Â±49 mm at rest and 101 Â±65
mm followingaderiosine(p = ns). Copper-62-PTSM tissue
retentionwasquantifiedandshowedonlya I .97-foldincrease
from rest to adenosine studies. This suggests attenuation of
tracer retention at high flow rates. Copper-62-PTSM repre
sentsa promisingnew radiopharmaceuticalfor the evaluation
of myocardialperfusionin the humanheart.

J NucI Med 1992; 33:684-690

he evaluation of myocardial blood flow and flow
reserve in the assessment of coronary artery disease con
tinues to be the most important aspect of myocardial
imaging. Qualitative evaluation of blood flow using posi
tron emission tomography (PET) has been shown to be
highly accurate in coronary artery disease detection (1-5)
and superior to standard 201TlSPECT imaging (4,5). In
addition, the accurate quantification of myocardial blood
flow can be achieved using cyclotron-produced PET
agents: â€˜3N-ammonia(6â€”8)or @5O-water(9,10).

Onsite cyclotron facilities are still limited to a small
number of centers. The use of the generator-produced
agent 82Rb has fostered the development of cardiac PET
centers independent of cyclotron support. Rubidium-82
has been shown to be ofvalue in the detection of coronary
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any of the volunteers, as assessed by history and physical and
ECGexamination.

All subjects were studied under fasting conditions (>6 hr) and
had abstained from caffeine for 24 hr. Informed written consent
was obtained in each case prior to the PET study.

Tracer Preparation
Copper-62-PTSM was prepared according to the method of

Green et al. (15,16).The 62Znparent wasobtainedas a solution
in 2 N HO from Malhinckrodt Medical Inc. (St. Louis, MO) and
applied to a Dowex 1 x 8 generator column, previously equii
brated with 2 N HQ. The 62Cuwas eluted in 3 ml of 2 N HG
and neutralized with 4 ml of 3 N sodium acetate. To this solution
3 @tgof H2(PTSM) wasaddedin 200 @dof ethanoland the
resulting mixture was stirred for 2 mm. The crude PTSM solution
was then purified by passing through a C-18 Sep-Pak. The Sep
Pak was rinsed with water to remove unbound 6@Cu,and the
PTSM was eluted with 0.5 ml ofethanol according to Green (15,
16). The product was formulated by adding 7.5 ml of normal
saline and sterilized by passing through a Millex-FG filter. Rad.i
ochemical purity was determined by radio-HPLC with a Hamil
ton PRP-1 reverse-phase column using a gradient elution of water
followed by methanol. (Flow rate = 2 mi/mm, initial solvent =
water, gradient from 100% water to 100% methanol in 1 mm).
With this system, unbound 62Cuelutes with a retention time of
2.2mmand62Cu-PTSMelutesin 6.8mm.Typicalradiochemical
purity was greater than 95% as 62Cu-PTSM.

PET
Each subject was positioned in the ECAT 931 (Siemens, Hoff

man Estates, IL) body scanner. In order to verify the correct
position of the detectors over the heart, a 2-mm scout scan was
performed. Subsequently, a 15-mm transmission scan was ac
quired and the data used to determine attenuation correction
factors. Copper-62-PTSM(14.0 Â±2.5 mCi) was administered
intravenously. Simultaneously, 20-mm dynamic PET image ac
quisition was initiated with varying frame duration (10 x 6 sect
4 x 15sec/2 x 30 se@c/2 x 60 sec/ 2 x 150sec/ 2 x 300 see).
After images were acquired under resting conditions, 40 mm were
allocated for the decay of6@Cu(physical t@ = 9.7 mm).

Adenosine (140 @g/kgJmin)was infused intravenously over 6
mm to induce maximal coronary vasodilation. At the 3-mm
mark of the infusion, a second injection of 62Cu-PTSM was
administered. The dynamic PET image acquisition protocol was
the same as that of the resting study.

The reconstructed transaxial images were reoriented along the
long-axis of the left ventricle in order to yield resliced images
along the horizontal, vertical, and short-axes ofthe heart using a
Sun 4 Workstation (Sun Microsystems Inc., Mountain View, CA)
and software developed at our institution (1 7).

Data Analysis
Determination of Image Quality and 62Cu-PTSM Kinetics.

Activity ratios were used as an objective measure of contrast
between the myocardium and blood, myocardium and lung, and
the myocardium and liver. In each study, the last time frame of
a mid-ventricular short-axis image plane was used for region
definition. Regions of interest were placed over the entire myo
cardium, the left lung field, the center ofthe left ventricular cavity
(representing the blood) and the liver. Time-activity curves were
subsequently determined from the dynamic image sequence. The
peak activity ofthe blood in each study was assigned an arbitrary
value of 100%. Subsequent regional tissue activities were cx

pressed as a percent of this maximum. Activity ratios were
determined from the time-activity data at selected time points
after injection.

For each study, myocardial time-activity data after the myo
cardial peak were fitted to a biexponential function. The myo
cardial clearance half-life(t@) was calculated by dividing the
natural logarithm of 2 by the rate constant (k2) of the second
phaseofthe biexponentialfunction (t@= ln 2/k2).

Regional Myocardial 62Cu-PTSM Distribution. The regional
distribution of 62Cu-PTSMin the normal myocardium was eval
uated at rest and after pharmacologicalvasodilation.A semi
automated regional analysis program developed at our institution
(17) was applied to images combined from three time frames
(between 5 and 15 mm postinjection). In seven to eight short
axis images, the edges of the myocardium were defined by inner
and outer ellipseschosenby the operator.The posteriorintersec
tion of the right and left ventricles was also defined and a radius
automatically interpolated between the center of the ellipse and
this point. A circumferential profile was then defined for each
planewith the radiusas the startingpoint. The programsearches
for the maximum average activity in a 3 x 3 pixel area in each
of 60 sectors within the defined myocardial boundaries of each
plane. The data were then displayed in a polar coordinate map.
The heart was subsequently divided into the five major segments
(inferior, anterior, lateral, septum and apex). The regions were
further subdivided into proximal and distal planes yielding nine
segments in each study. The regional data were expressed as a
mean percent ofthe maximum myocardial activity Â±one stand
ard deviation for each study.

Myocardial 62Cu-PTSM Retention. For the determination of
62Cu-PTSM myocardial retention, separate time-activity curves
for the myocardium and ventricular blood pool were determined.
An automaticprogramdevelopedat our institutionwasfirstused
to define the left ventricular myocardial region ofinterest. Again,
a mid-ventricularshort-axisimage from the last time frame of
each acquisition was used. The mid-myocardium was denoted by
a continuous line drawn by the operator. This line defined the
center of multiple adjacent circular regions of interest of 2 pixel
radius within the myocardial boundaries. The global myocardial
activity was defined by the mean of all the myocardial regions.
Decay-corrected myocardial time-activity curves were then recon
structed.

A basal short-axis image from the last time frame was used to
define the left ventricular blood-pool region of interest for each
study. Decay-corrected time-activity curves were then recon
structed for the left ventricular blood pool.

The absolute retention of 62Cu-PTSM was calculated as fol
lows:

R =
Cb

where R is retention in arbitrary units, C@is the activity in the
myocardium at 5 mm after injection and C,, is the integral of the
blood-pool activity corrected to 1 mm. Previous studies by Ma
thias et al. have indicated that at about 1mm after administration
of the tracer, all of the radioactivity in blood was due to metab
olites (18). Thus, the available blood pool is effectively zero after
1 mm.

Statistical Analysis
All datawereexpressedasmeanÂ±onestandarddeviation.

Bloodpressureand heart rateat baselineand duringtheadenosine
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NORMALMYOCARDIAL, BLOODPOOL,LUNG
andLIVERTIMEACTIVITYCURVES

100

ADENOSINEREST

infusion were compared by paired t-testing. Myocardial clearance
half-life and the retention at rest and during adenosine were also
compared by paired t-testing, with p@ 0.05 considered signifi
cant.

The percent of maximal activity data in the myocardial seg
ments, the percent ofpeak blood activity data in the tissue regions
and the activityratios were compared by ANOVAand by sub
sequent post-hoc subgroup paired t-testing when differences were
detected. In light of the multiple paired t-testing in this regional
analysis, only data with p@ 0.01 were considered statistically
significant.

RESULTS

Hemodynamic and Symptomatic Responses to
Adenosine

During the rest PET image acquisition, the systolic
blood pressure and heart rate were 110 Â±7 mmHg and
58 Â±7 bpm, respectively.During the adenosineinfusion,
the systolic blood pressure was 108 Â±8 mmHg (p = ns),
while the heart rate increased to 85 Â± 13 bpm
(p < 0.005). During the adenosine infusion, three of the
six subjects developed chest discomfort, three developed
dyspnea, three experienced flushing, two had nausea, two
had headaches, and one had a mild burning sensation in
his eyes. No treatment was required for any of these
symptoms, and all resolved shortly after the end of the
adenosine infusion. Only one subject was asymptomatic
during the adenosine infusion. No subjects had broncho
constriction, conduction abnormalities, or ST-segment
changes.

Copper-62-PTSM Kinetics
In Figure 1, typical time-activity curves are shown for

the rest and adenosine studies of one healthy volunteer.
Myocardial activity reached a peak within 40 sec. After 2
mm, the tissue activity remained essentially constant. This
was true for both the rest and adenosine curves, however,
the plateau of tissue activity was clearly higher in the

11

FIGURE1. Examplesof 62Cu-PTSMmyocardialand blood
time-activitycurves in a healthyvolunteer at rest and following
adenosineinfusion.
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FIGURE 2. Meansof the percentof peakblood-poolactivity
in blood, myocardium,lung and liver over time in healthyvolun
tears at rest and followingadenosine.The time of the peak was
assignedas time zero for each study. Standard deviation bars
are shown for selectedtime points after the peak.

adenosine study. The blood-pool activity also peaked
within 40 sec and cleared rapidly. This was comparable to
the mean time-to-peak activity after injection, which was
41 Â± 9 sec at rest and 40 Â± 12 sec with adenosine
(p = ns).

The means of the activities in the blood, myocardium,
lung and liver expressed as a percent of the maximum
blood-pool activity for each study are shown in Figure 2.
Selected time points have been plotted after the time of
peak activity. By 2 mm after this peak, the activity in
blood was 11.3% Â±4.3% at rest and 17.3% Â±6.6% during
adenosine (p = ns). The activity in the myocardium on
the other hand cleared gradually decreasing from 22% Â±
4% at 2 mm after the peak to 19% Â±3% at the end of the
acquisition for the resting studies, and from 37% Â±6% to
33% Â±6% after adenosine. The increase in myocardial
activity between rest and adenosine studies was significant
at all time points after the 2-mm mark (p s 0.01). The
liver also showed substantial activity both at rest and after
adenosine. However, the increase observed with adenosine
over the resting studies did not reach statistical signifi
cance.

The myocardial clearance half-life was 105 Â±49 mm at
rest and did not change significantly with adenosine (clear
ance t@ = 101 Â±65 mm, p = ns). The overall range of the
clearance half-life was 55â€”224mm.

Image Qualityand ActivityRatios
Figure 3 represents examples of rest and adenosine

images obtained after injection with 62Cu-PTSM, which
demonstrate good tissue:background and tissue:blood
pool contrast. There is, however, significant liver activity
which may hinder the view of the inferior wall.
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FIGURE 4. Mean regionalmyocardialÂ°@CU-PTSMtracerdis
tribution. Regionalactivity was expressed as a percent of the
maximal actMty for each study. This polar representation of
pooled actMty data was Obtainedfrom analysis of short-axis
images.Each heart is dMded into the four standard ventricular
walls. The outer segments represent basal planes, the middle
segments represent distal planes and the inner most segment
representsthe apex.

ratio was 1.97 Â±0.71. The range of this ratio was from
1.45 to 3.37.

DISCUSSION

Green et al. have previously presented myocardial im
ages ofgood quality from a healthy volunteer at rest using
6@Cu-PTSM (15). This study did not, however, evaluate
tracer kinetics at rest or following pharmacological vaso

FIGURE 5. Exampleof @CU-PTSMPET studiesin a patient
with two-vessel coronary artery disease in the short-axis (SA)
and horizontal long-axis(HLA)views at rest (left) and following
adenosine(right). Note the adenoslne-inducedperfUSiondefect
in the anterior, lateral and apkmlwalls whoh is consistent with
impalredcoronaryflow reserve In these regions.(Seepage 689
for further discussion).

taa@sITY@ ni@ozam

FIGURE3. Exampleof @Cu-PTSMstudiesina normalvolun
teer in the short-axisand horizontallong-axisviews at rest (left)
andfollowingpharmacolo@ vasodilationwith adenosine(nght).
Good imagequality is noted, however,activity in the inferiorwall
appearsgreaterthanthe remainderofthe myocard(?).Prominent
liveractivity is apparentadjacentto the Inferiorregion.

By 5 mm postinjection, the mean myocardium:lung,
myocardium:blood and myocardium:liver ratios at rest
were: 5.9 Â±1.7, 3.1 Â±0.9 at rest and 0.87 Â±0.35,
respectively. Following adenosine, the ratios at 5 mm
postinjection were 6.9 Â±2.8, 3.4 Â±1.7 and 0.83 Â±0.21,
respectively (p = ns versus resting studies). Over the re
mainder of the acquisition, the activity ratios did not
change significantly. However, there was a tendency for
the myocardium:liver ratios to reduce over time.

RegionalMyocardialUCu@PTSMDistribution
The regional myocardial distribution of 62Cu-PTSM

activity is shown in Figure 4. The inferior wall demon
strated a slightly greater percent of maximal activity corn
pared to the other principle regions of the heart both at
rest and during adenosine. This difference reached statis
tical significance at rest (inferior: 74% Â± 12% versus
lateral: 67% Â±9%, anterior@ 63% Â±8%, septum: 66% Â±
9%, and apex:62% Â±8%, p@ 0.005) but not following
adenosine (inferior 72% Â±13%, lateral: 67% Â±11%,
anterior 61% Â± 11%, septum: 62% Â± 13%, and apex:
61% Â±11%). Analysis of the subdivisions of the four
major walls revealed that these differences were principally
confined to the distal segments where the distal inferior
wall had significantly greater activity in comparison to the
distal lateral, distal anterior and distal septal segments at
rest (p@ 0.005). A similar trend was also noted with

adenosine but this did not reach Statistical significance.

Copper-62-PTSM Myocardial Retention
The mean myocardial retention of 6@Cu-PTSMat rest

was 0.41 Â±0.10 units. During adenosine this increased to
0.79 Â±0.24 (p@ 0.01). Thus, the adenosine:rest retention
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dilation in the heart and other organs as was performed in
this study.

The data from the present study confirm the good image
quality reported by Green et al. (15). They also demon
strate that 62Cu-PTSM displays kinetic properties in hu
mans that are suitable for myocardial perfusion imaging
as has been suggested by animal data (11,12).

It has been proposed that 62Cu-PTSM could be used to
establish satellite PET imaging centers without an onsite
cyclotron (15,18). A central medium-energy cyclotron
could be used for the production ofthe parent compound,
62Zn (13,15). This would require a 99.99% pure copper
target designed to sustain a beam power density ofca. 300
W/cm2 and be irradiated with protons at 27.5 MeV (15).
In fact, high yields of 62Znhave been achieved with nom
inal 30 and 40 MeV cyclotron systems equipped with such
targetry (15). Since the parent half-life is relatively short
(9.13 hr), the generatorcouldonly be usedfor 1â€”2days
(13,18). This, however, may prove advantageous, since
generators need only be synthesized for the days when
they are needed. This would maximize the use of the
generator, unlike other longer half-life systems where there
may be significant periods of time when they are idle.
Finally, the preparation scheme available for radiolabeled
62Cu-PTSM is rapid and simple (15,16,19). In our labo
ratory, the 62Cu-PTSMcould be delivered to the PET suite
in about 30 mm from the time the radiochemist was
notified. All these features could make this agent a suitable
option for centers with cyclotron facilities.

Activity Distribution and Image Quality
As can be seen in Figure 3, the image quality in human

subjects is good. This is to be expected given the kinetics
of this agent. The modest physical half-life of 9.7 mm
permits imaging with less sensitive PET systems over
several minutes to acquire good counting statistics without
compromising the ability for sequential studies (15). Ru
bidium-82 with its rapid decay (t@ = 76 see) allows se
quential imaging, but yields poor counting statistics unless
imaged with a high-sensitivity PET camera (15). Copper
62-PTSM also has a lower positron energy of 2.5 MeV
compared to 3.3 MeV for 82Rb. This lower energy offers a
theoretical advantage for better image resolution. This
difference, however, may not be realized with the resolu
tion limitations of present PET imaging systems.

In terms of tracer distribution, our data suggest that
there is slightly increased activity in the inferior wall
relative to the other myocardial regions. This is most likely
related to cross-contamination of activity from the liver,
whose activity was in fact greater than the myocardium at
5 mm postinjection. This difference tended to increase
with time. The close proximity of the liver to the inferior
wall (Fig. 3) may lead to excessive scatter contribution in
this region; or it may encroach upon the resolution limi
tations of the scanner. This could potentially lead to
reduced sensitivity of disease detection in this region. The

incorporation of a scatter correction into the reconstruc
tion program may help overcome this potential problem
but requires further development of image processing.

This problem with prominent liver activity is not unique
to 62Cu-PTSM PET imaging. Difficulties with inferior wall
interpretation related to liver activity have also been en
countered with 99mTclabeled perfusion compounds that
are excreted via the biliary tract. Such image distortion by
liver activity represents a potential disadvantage for 62Cu
PTSM and other agents in comparison to potassium ana
logue tracers such as 201Tland 82Rb where this has not
been a significant problem.

Copper-62-PTSM Kinetics
A potential anti-neoplastic effect of 62Cu-PTSM has led

to an understandingof thistracer'sextractionand reten
tion at a cellular level. Data from tumor cell studies show
that 62Cu-PTSM appears to be reduced within the cell by
sulfhydryl groups liberating ionic copper. Tissue retention
occurs because of subsequent binding of the liberated
copper ion to intracellular macromolecules (20â€”22).

Radiolabeled copper-PTSM myocardial kinetics have
now been well studied in animal models. In an isolated
heart preparation, Shelton et al. found a residual fraction
for 67Cu-PTSM of 45% Â±7%. This residual fraction had
little change under variable flow conditions (flow range of
0. 15â€”3.0ml/min/g) and variable metabolic conditions.
These investigators reported a prolonged myocardial reten
tion with a clearance half-life of greater than 3,600 mm
(11). Prolonged retention was also demonstrated in a
recent canine study (12) in which 62Cu-PTSM retention
was measured over a wide flow range induced by ischemia,
occlusion, dobutamine or dipyridamole. This study
showed that copper retention correlated well with micro
sphere determined blood flow, although there was a pla
teau in this relationship at flows of2.5 ml/min/g or greater.
In addition, a rapid blood-pool clearance was noted to be
less than 10% of the peak activity by 2 mm postinjection.
This rapid blood-pool clearance was also shown in the
baboon by Mathias et al. (18). These investigators dem
onstrated that by 1 mm after tracer injection, none of the
radioactivity in blood was associated with PTSM (18),
suggesting that the measured blood-pool activity may in
fact overestimate the true arterial input function.

Our results on 62Cu-PTSM kinetics in humans support
the animal data discussed above. We observed a prolonged
tissue retention as noted in the time-activity curves of
Figures 1 and 2. A long clearance half-life was noted at
rest (105 Â±49 mm) and with adenosine (101 Â±65 mm).
We also observed rapid blood-pool clearance with blood
pool activity being only 11.3% Â±4.3% at rest and
17.3% Â±6.6% @vithadenosine 2 mm after the peak.

We also evaluated 62Cu-PTSM retention at rest and
during maximal coronary vasodilation. We found the
adenosine:rest retention ratio to be 1.97. This is much less
than the expected normal coronary flow reserve, which is
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methods will need to be developed. Preliminary work has
been done, suggesting that radiolabeled Cu-PTSM PET
imaging may allow quantification of myocardial flow (38,
39). The problem of rapid 62Cu-PTSM metabolism after
intravenous injection (18), however, needs to be further
addressed, and a simple method for determining the true
input function established.

Evaluation of Coronary Artery Disease
In addition to the healthy volunteers in this study, we

have also evaluated one patient with angiographically
proven two-vessel coronary artery disease using 62Cu
PTSM. Figure 5 shows this patient's images at rest and
during adenosine infusion. There was an obvious adeno
sine-induced perfusion defect indicative of impaired cor
onary flow reserve in the lateral, anterior and apical walls.
The ratio of activity in the normal:risk zone myocardium
was 1.2 at rest, and increased to 2.0 with adenosine.
Copper-62-PTSM retention was also measured in this
patient. In the normal zone, retention increased from 0.42
at rest to 0.67 after adenosine, yielding an adenosine:rest
ratio of 1.53. In contrast, the area at risk had a resting
retention of 0.34, which did not change with adenosine
(0.35), yielding a ratio of 1.03. Based on this case, 62Cu
PTSM appears to have some potential for coronary artery
disease detection. Clearly, large scale trials involving pa
tients with suspected coronary artery disease must now be
undertaken to determine the ultimate diagnostic utility of
62Cu-PTSM as a myocardial perfusion tracer.

CONCLUSIONS

Copper-62-PTSM represents a promising new PET
tracer for qualitative evaluation of coronary flow reserve
in the human heart. The prolonged tissue retention and
rapid blood-pool clearance offer suitable kinetics to
achieve good quality images. Scatter correction may be
required, however, to overcome potential cross-contami
nation from high liver activity.

Accurate quantification of myocardial blood flow using
62Cup@SM tissue retention may be limited by the relative
attenuation oftracer retention at higher flow rates. On the
other hand, given its kinetic properties, tracer kinetic
modeling may provide a quantitative index of myocardial
blood flow with this new tracer.
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between about 4 and 5 (6,9,23,24). In our present study,
there was no direct invasive coronary flow measurement.
However, the symptoms and hemodynamic responses ob
served are in keeping with large studies using adenosine
(25) and would suggest that maximal vasodilation was
achieved in our subjects. Our data thus suggest that reten
tion is decreased relative to increased flow at high flow
rates. This is consistent with the canine data which showed
the plateauing of the retention blood flow relationship
above 2.5 ml/min/g (12). In fact, if one assumes that a
normal flow ofO.9 ml/min/g and a maximal flow reserve
of 4, using the curve equation presented by Shelton et al.
for the retention blood flow relationship in the dog, the
maximumvasodilationto rest retentionratio for 62Cu
PTSM would be expected to be 2.3.

Comparisonto OtherPerfusionAgents
The time-activity curves of 62Cu-PTSM bear a striking

resemblance to those of â€˜3Nammonia(6,26) in that both
have prolonged tissue retention. In fact, the single-pass
extraction of radiolabeled Cu-PTSM measured in an iso
lated heart model was similar to â€˜3N-ammoniasingle-pass
extraction in the same model (radiolabeled Cu-PTSM
extraction is equal to 45%, â€˜3N@ammoniaextraction is
equal to 55%) (11,27). The clearance half-life of â€˜3N-
ammonia ranges from 110 to 642 mm (26). While this is
considerably shorter than the clearance half-life suggested
for radiolabeled Cu-PTSM by isolated heart studies, (11),
it iscomparableto the rangein man, demonstratedin this
study, of 55â€”224mm with an overall mean (rest and
adenosine studies) of 103 Â±55. In addition, preliminary
animal work done in our laboratory demonstrated a clear
ance half-life for 62Cu-PTSM equal to 109 Â±6 mm in the
dog (28).

The retention of 62Cu-PTSM, as with most other myo
cardial perfusion agents, is flow-dependent and underesti
mates myocardial blood flow at high flow rates. Reducing
retention with increasing flow has been demonstrated for
13N-ammonia (29,30), 82Rb(31â€”33),2OVfl(34...36), 99mTc..
sestamibi (34) and @mTc@teboroxime(37). In an attempt
to overcome this non-linear relationship, tracer kinetic
models have been successfully applied using the PET agent
â€˜3N-ammonia. Two fundamental approaches have been
used (6â€”8).The first involves establishing values of reten
tion over a wide range of blood flow in an animal model
and determining a correction factor (7). Depending on the
tracer's retention-blood flow relationship, there may be a
significant amount of scatter in estimation of flow rates in
the higher range. The second approach involves a three
compartmental model developed to separate tissue extrac
tion and metabolic retention (6). This model depends
upon a stable first-pass extraction over a wide flow range
and determination of the true arterial input function of
the tracer. For 62Cu-PTSM, further studies are needed to
establish if either of these approaches can be applied to its
kinetics to accurately quantify blood flow, or whether new
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