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EDITORIAL

Is ThereAdditionalUsefulInformationin the Myocardial
WashoutCharacteristicsof Teboroxime?

r as long as I can remember one
of the central tenets of routine

clinical nuclear medicine has been
that the ideal radiopharmaceutical
should remain in a fixed distribution
in the target organ for a considerable
period oftime. This view, which arose
as a result oflimitations in the radio
pharmaceuticals and imaging systems
used has encouraged the neglect of the
information that may be present in
washout curves. In the past two or
three years new technetium-based
radiopharmaceuticals coupled with
higher sensitivity imaging equipment
have sharply reduced the necessary
acquisition times. Recently intro
duced multi-headed devices, of which
there are now some 140 installed, can
collect sufficient data necessary to re
construct a clinically useful myocar
dial image in 2 mm or less (1), and we
now have developed the ability to use
single-headed machines to do the
same in 3â€”8mm (2,3). Unless we are
operating in the â€œinjectnowâ€”image
laterâ€•scenario, we do not need a
radiopharmaceutical with a prolonged
retention time in the target organ. Our
current abilities to acquire rapid se
quential images should cause us to
take another look at the washout data
of radiopharmaceuticals. If we do
have a radiopharmaceutical with a
measurable washout from the target
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organ, can we make use of potential
differences in washout rates caused by
disease?

The article by Marshall et al. in this
issue ofthe Journal (4) reports the use
of an isolated perfused heart prepara
tion to examine the effect of flow on
extraction and washout of the myo
cardial imaging agents thallium and
teboroxime. They have previously
compared thallium and sestamibi (5).
The use of the isolated perfused heart
model is quite common in nuclear
medicine, a number of investigations
have already been published in which
the characteristics ofa variety of com
pounds have been measured and com
pared (6â€”12).

Thallium, teboroxime and sesta
mibi have very different pharmacol
ogy and pharmacokinetics (13) and it
would be a mistake if we tried to fit
them all into the same mold. In the
case ofthallium, and to a lesser extent
sestamibi, there is significant input,
â€˜redistribution,'to the myocardium
from the remainder of the adminis
tered dose that is initially distributed
throughout the body. Blood levels are
not high but as each of these agents is
stable in vivo, the blood can act as a
conduit for the movement of activity
between the body and the myocar
dium. This is not so for teboroxime
whose extraction drops rapidly with
time after injection (14,15). As tebo
roxime is closer to the ideal short,
sharp input function than the other
two agents, it may allow more data to

be gleaned from the regional washout
rates relative to thallium, whose wash
out is obscured by continued input,
â€˜redistribution,'and sestamibi, which
does not wash out to any appreciable
extent. What can the isolated perfused
heart model tell us about the kinetics
ofthese processes compared to in vivo
models or from clinical data?

The rapid washout of teboroxime
prompts a number of questions. The
first is: Does the rapid global washout
of teboroxime cause an unacceptable
loss of signal such that sufficient
counts cannot be acquired? Obviously
this is more appropriately answered
using clinical data of which there is
ample evidence to show that the
â€œfaster-than-we-are-used-toâ€•washout
of teboroxime does not prevent us
from collecting high definition images
using planar or SPECT techniques
(16).

Second, Does teboroxime exhibit
differential washout related to flow
sufficient to cause loss of discrimina
tion? For those who consider only the
picture as the final output, the answer
is already known in that the interpre
tation of the images obtained with
teboroxime is just as accurate as that
obtained from thallium images or
from cardiac catheterization, etc.
(16).

Third, Is there useful information
in the rapid washout of teboroxime?
If washout is flow-dependent (â€œdiffer
ential washoutâ€•),then sequential im
ages may provide relative regional

1988 The Journal of Nuclear Medicineâ€¢Vol.32 â€¢No. 10 â€¢October 1991



agree very well with clinical data
where figures of22 mm at resting flow
rates reducing to 15 mm on exercise
were obtained (21). The same large
difference in the washout behavior
was obtained under comparable con
ditions using thallium (1 7). Given the
similarities in the input function be
tween the isolated perfused heart

preparation and the intracoronary in
jection, the large differences in wash
out between the intracoronary (2 +
20 mm), and intravenous (21 or 13
mm), routes of injection in the study
by Stewart et al. (19) should caution
against the over interpretation of iso
lated perfused heart kinetics. Of
course one of the advantages of the
isolated perfused heart preparation is
that the washout rates can easily be
obtained without contamination from
surrounding tissue. This is a problem
that has certainly plagued in vivo
work because ofthe relatively low spa
tial and temporal resolution of the
imaging systems. One way around this
may be to perform the study using
technetium-94m which is a positron
emitter (22).

The data suggest that the washout
of teboroxime in vitro and in vivo is
flow-related and point to further im
aging studies that should be done, for
from the clinical point of view this
conclusion is not useful unless it can
be translated into an ability to detect,
using external imaging, differences in
regional washout rates (differential
washout) that can be ascribed to re
gional flow differences in the myocar
dium. The fact that washout appears
to be flow-related is not the end of the
story for isolated perfused heart work
either, as one must presume that
washout will not be solely dependent

washout rates that can be related di
rectly or indirectly to flow. This is a
question that Marshall and others are
attempting to address using the iso
lated perfused heart model.

Most isolated perfused heart prepa
rations do not recirculate the perfus
ate contains the radioactivity (con
trary to the statement by Marshall,
Leppo et al. (10,11) recirculate per
fusate contains little or no radioactiv
ity but switch to a single-pass mode
when the bolus of radioactivity is ad
ministered.) Thus these washout rates
reflect what Grunwald (1 7) termed
the â€œintrinsicwashout,â€•which occurs
in the absence of recirculation. As
Marshall and others have pointed out,
this may be very different to the in
vivo situation where recirculation
(multiple passes of the initial bolus),
or redistribution (in the thallium
sense) may occur. Nevertheless, the
system can still provide a meaningful
comparison of the various agents Un
der standardized conditions. As stated
above, of the three myocardial imag
ing agents, teboroxime alone has a
rapid fall in extraction with time after
injection and a rapid clearance from
the blood, which makes its clinical
input function more like the nonrecir
culating input function common to
most isolated perfused heart prepara
tions.

In relative terms Marshall found
that the washout of teboroxime over
a 5â€”40-mmtime period postinjection
was flow-dependent and slower than
that ofthalhium. In contrast, Leppo et
al. (11) found the washout of teborox
ime was faster than that of thallium,
but for an earlier 1â€”6.5-mmtime
period. It has been reported that the
washout of radioactivity from the
heart after injection of teboroxime in
vivo is at least biphasic (18), so one
may assume that Marshall and Leppo
are looking at the two different wash
out components. As the currently
used clinical imaging protocols for te
boroxime are completed within 8â€”10
mm the influence of flow on the first
component of teboroxime washout,
i.e., the time scale studied by Leppo
et a]. (11), may be much more impor
tant.

Are these isolated perfused heart
data directly applicable to the in vivo
situation or does each agent require a
different interpretation of the data to
apply it to the in vivo situation? For
thallium, the short input function
used in vitro does not occur in vivo,
so that the rapid washout of thallium
seen in the isolated perfused heart
data is obscured. In the case of tebo
roxime, Stewart et al. (19) have per
formed in vivo studies in dogs that
allow these isolated perfused heart
data and in vivo data to be rational
ized. Stewart measured washout rates
in vivo over a 0â€”30-mmperiod after
an intracoronary injection by using a
detector positioned on the myocar
dium. These washout rates must be
considered to be intrinsic washout
rates as the intracoronary injection
and high extraction do not allow for
substantial recirculation of radioactiv
ity, thus they are quite comparable to
the isolated perfused heart data. Stew
art found that 90% ofthe radioactivity
was extracted and subsequently
washed out in a biphasic manner. The
first component had a flow-dependent
washout half-life ofthe order of2 mm
and the second a flow-independent
half-life of about 25 mm (Fig. 6). On
the other hand, in a closed-chested
preparation with an intravenous in
jection and a 0â€”30-mmdata acquisi
tion period after injection, with recir
culation, Stewart obtained mono
phasic washout rates. The washout
rate was flow-dependent, since at nor
mal flows it was 21 mm while at the
higher flows produced by dipyrida
mole infusion it was reduced to 13
mm. This agrees with studies in swine,
where a value of 10 mm was obtained
at elevated flows (20). The data also

TABLE 1
ExtractionValuesforVariousAgents
Sestamibi Teboroxime CommentsThallium Ref.

0.67â€”0.62Rabbit/ABCs40.830.55â€”Rabbit/RBCs50.730.39â€”Rabbit/blood100.57â€”0.72Rabbit/blood110.71â€”â€”Rabbit/Buffer90.300.150.96Rat/Buffer120.35â€”â€”Rat/Buffer60.35â€”â€”Guinea

pig/Buffer6
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upon flow but may also be affected by
metabolic processes. Studies necessary
to obtain some of this information in
vivo have recently been completed
(20,23) and it remains to be seen if
the isolated perfused heart prepara
tion can be used to generate similar
data.

The article by Marshall also reports
measurements of the extraction of
thallium and teboroxime by the iso
lated perfused heart. (Extraction must
be high to achieve fidelity between
counts deposited and flow.) In addi
tion to Marshall et al., other groups
(6,9â€”12)have examined the extrac
tion of the three flow agents using the
isolated perfused heart model, the re
sults of which are returned below in
terms of average peak extraction (4,5,
9,10,11,) or extraction at a given flow
rate (6,12).

As can be seen from Table 1, the
extraction values ofeach ofthe agents
are not entirely reproducible, even
when the results emanate from the
same laboratories (cf thallium refer
ences 4, 5 and 10, 11). Part of this
variability is because there are differ
ent forms of the model (e.g., recircu
lating/single pass, whole blood-I

washed RBC-/ buffer-perfused, con
stant flow/constant pressure, rat/rab
bit hearts, effluent counting/online
counting, etc).

The average peak extraction for te
boroxine of 0.62 that Marshall ob
tamed does not agree with the 90%
extraction obtained in vivo by Stewart
et al. (19). Marshall et al. suggest that
the in vitro indicator dilution data are
purer than extractions determined in
vivo by the â€˜B/A'method using exter
nal counting because the latter in
cludes extravascular radioactivity,
which is not strictly extracted, and
radioactivity remaining in the vascu
lature. Stewart used data from 20 to
100 sec to determine the slope of the
washout necessary to back-extrapolate
the baseline (â€˜B')to peak activity (â€˜A').
Since this was after an intracoronary
injection, there should be little con
tamination of this washout by vascu
lar radioactivity, as even after an in
travenous injection of teboroxime,

>90% of the radioactivity clears with
a half-life of 10â€”20sec (18). In fact a
fast washout phase, which is complete
by 10 sec and is presumably vascular
radioactivity, can be seen in Stewart's
data (Fig. 3). The clinical imaging sys
tems do not differentiate between ra
dioactivity on or in a myocardial cell
and extravascular extracellular radio
activity, which may be important as
we try to perform compartmental
modeling of teboroxime washout.

One must remember that the iso
lated perfused heart is exactly that and
may behave differently to the heart in
vivo. Thus, the data generated by the
model are as pure as the model is
distanced from the in vivo situation.
Nevertheless, there is sufficient data
to identify a trend, supported by the
recent data obtained by Marshall Ct
al., that the extraction ofthallium and
teboroxime are similar and are higher
than sestamibi. This should translate
into more of the injected dose in the
heart at early times than for sestamibi,
a result which seems to occur in hu
mans soon after injection. More im
portantly, thallium and teboroxime
should be more sensitive to flow
changes than sestamibi. This has in
deed been found in data from first
pass studies of all three compounds
performed simultaneously in rats that
show that thallium and teboroxime
return flows closer to the line of iden
tity than sestamibi (14).

If the results obtained with the iso
lated perfused heart model are phys
iologically distanced from the clinical

situation, why is the model so popu
lar? The model is popular because, as
with most models (24), it reduces the
complexity of the system down to a
level that is understandable, yet can
still be relevant to the in vivo situa
tion. Thus, we can look at the affinity
of a compound for the myocardium,
(extraction), in the absence of recir
culation; we can also look at the influ
ence of blood components on the ex
traction. Second, we can change the

flow rate or metabolic status of the
preparation at will and to greater ex
tremes than is possible in vivo and so
exaggerate effects. Third, we can cx

amine the influence of all these ma
nipulations on the retention of com
pounds by the myocardium. Hope
fully, by combining all this infor
mation with that from in vivo studies,
we can better understand the physi
ology behind the pictures. We may
even be able to use the information
contained in regional washout curves
to makea betterclinicaldiagnosis.

Adrian D. Nunn
Bristol-Myers Squibb Pharmaceutical

Research Institute
New Brunswick, New Jersey
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