
ing, this represents approximately
30% of the initial dose used for the
stress study, but in planar imaging it
represents 50% of the initial dose.
There are yet no conclusive data to
suggest the ideal dose for reinjection.

The reinjection technique involves
analysis of three sets of images;
stress, 4-hr redistribution and rein
jection. This method has clearly
demonstrated that approximately
50% of fixed perfusion defects on
4-hr redistribution images show cvi
dence of reversibility and that the re
sults are at least as good as 24-hr
delayed images, but image quality is
better and the procedure time is
shorter (5, 7). The drawbacks, how
ever, include the need to acquire
three sets of images, which is both
inconvenient to the patient and time
consuming, especially in busy nu
clear laboratories. Therefore, in
many institutions the procedure
therefore has been modified by sub
stituting the 4-hr delayed images with
the reinjection images. This practice
may result in misclassification of up
to 25% of reversible defects as fixed
defects (5,7). A further modification
of the protocol was suggested using
24-hr delayed imaging in patients
with fixed defects on reinjection im
ages. When thallium imaging results
are compared to metabolic markers
of myocardial viability obtained with
positron emission tomography, it is
clear that viable myocardium can be
demonstrated in some fixed defects,

+

+

*lschemlais presumedto be transient
andso are the associatedabnormalities.

A: abnormal;N: normal;â€”: no; +: yes.

on the current understanding of rnyo
cardial metabolism and tracer kinet
ics, the various type of flow/function
mismatches are presented in Table 1.

There are two important modifica
tions, which may not necessarily be
exclusive, of the rest-redistribution
protocol: 24-hr delayed imaging and
the reinjection technique (2, 7). There
are several additional protocols that
differ from each other based upon the
time of reinjection, the time of reim
aging, the number of sets of images
to be analyzed and the thallium dose
used for reinjection. The use of nitro
glycerin before obtaining reinjection
images and ribose infusion are
thought to enhance redistribution
(8,9). These protocols are summa
rized in Table 2.

There is a general consensus that a
dose of 37 MBq (1 mCi) be used for
thallium reinjection. In SPECF imag

35. Kiat H, Berman DS, Maddahi J. Comparison of planar and tomographic
exercise thallium-201 imaging methods for the evaluation of coronary
artery disease. JAm Coil Cardiol 1989;13:613â€”616.

36. Friedman J, Van Train K, Maddahi J, et al. â€œUpwardcreepâ€•of the heart:
a frequent source of false-positive reversible defects during thaliium-201
stress-redistribution SPED'. I Nuci Med 1989;30:1718â€”1722.

37. Coleman RE, Blinder RA, Jasczak Ri. Single photon emission computed
tomography (SPECT) part II: clinical applications. Invest Radiol 1986;21:
1â€”11.

38. Niemeyer MG, Laarman GJ, Van der Wall EE, et al. Is quantitative

analysis superior to visual analysis of planar thallium-201 myocardial
exercise scintigraphy in the evaluation of coronary artery disease? Euri
Nuci Med 1990;16:697â€”704.

39. Niemeyer MG, Pauwels EKJ, Van der Wall EE, et al. Detection of
multivessel disease in patients with sustained myocardial infarction by
thallium 201 myocardial scintigraphy: no additional value of quantitative
analysis. Am I Physiol Imaging 1989;4:105â€”114.

40. Kaul S, Boucher CA, Newell JB, et al. Determination of the quantitative

thallium imaging variables that optimize detection of coronary artery
disease. JAm Coil Cardiol 1986;7:527â€”537.

S ince Pohost and associates intro
duced the â€œsingle injectionâ€•

technique in thallium imaging, the
stress/4-hr redistribution protocol
has been widely used to characterize
perfusion defects as fixed or revers
ible (1). This technique will remain in
the archives of nuclear imaging as a
novel method that has withstood the
test of time, and has in no small mea
sure, popularized the use of nuclear
imaging in patient management. At
the time this technique was de
scribed, the major interest in the use
of exercise thallium imaging was in
the diagnosis of coronary artery dis
ease; myocardial viability was not
yet an area of major concern or inter
est. Nevertheless, even then it was
clear that 4-hr redistribution images
underestimated â€œischemiaâ€•and
overestimated â€œscarâ€•when corn
pared to separate rest studies (2â€”4).
Subsequent studies have shown that
some fixed perfusion defects on 4-hr
redistribution images improve after
coronary revascularization and some
are associated with evidence of met
abolic activity by â€˜8F-fluorodeoxy
glucose imaging (2â€”7).For the past
few years, there has been consider
able emphasis on the assessment of
dysfunctional myocardium due to
stunning, hibernation or scar. Based
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TABLE I
Correlation Between Myocardial
Perfusion with Wall Motion and

Thallium Redistribution

Metab-Wall Per- Redistri
olism motionfusion butlon

Normal
Ischemia

Hibernating
Stunned

N N N
A* A A
A A A
A A A
A A N
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ProtocolReinjection
time

(hr)Thallium
dose

(delayed)(mCi)Reimaging
time

(hr)No.
of

imagesetsTotal
time

(hr)1

.Stress*/rest72none0.5272â€”962.
Stress/4-hrredistributionnonenone2â€”424â€”63.
Stress/24-hr redistributionnonenone18â€”243244.
Stress/24-hrreinjection2410.53245.

Stress/4-hr3â€”410.534â€”6redistribution/reinjection6.

Stress/4-hrreinjection3â€”410.524â€”67.
Stress/4-hr reinjection/3â€”410.5 and2432424-hr

redistribution8.
Stress/i-hrreinjection0.51122.59.

Rest/redistributionnonenone424â€”610.
Dual-Isotopetttt1â€”2.5*T@

millicuriesfor planarimagingand3 to 3.5 for SPECTimaging.t5ee
Table4.

ViableType
of defect myocardium

TABLE 2
Various Protocols for Redistribution Thallium Imaging

most notably those of mild or moder
ate degree irrespective of the pres
ence or absence of superimposed
ischemia. Thus, a clear distinction
should be made between viability
and reversibility (Table 3).

An alternate and more attractive
protocol for the assessment of myo
cardial viability is the use of rest/re
distribution thallium imaging (10).
For example, this technique may be
used when determining whether Se
vere left ventricular dysfunction is
due to hibernating myocardium (Fig.
1). A stress study is only necessary if
the detection of ischemia is impor
tant in patient management.

At times, it is important to com
plete a study as quickly as possible
because this maximizes patient
throughput, increases patient com
fort and expedites the decision mak
ing process. Therefore, attention has
been directed to â€œfastâ€•protocols.
The protocol suggested by Kiat et al.
requires reinjection of thallium im
mediately after the stress images are
completed and reimaging 3â€”4hr later
(11). Unfortunately, this protocol un
derestimates the extent of reversibil
ity in comparison to 24-hr imaging.

In this issue of the Journal, van
Eck-Smit et al. compared 1-hr rein
jection images to 3-hr delayed images
(12, 13). Their protocol involved us
ing 75 MBq (2 mCi) of 201i@for the
stress study, reinjecting 37 MBq (1
mCi) of 201'fl as soon as the exercise
images were completed and imaging
1 hr later. The images were com
pared to a third set of images ob
tamed 3 hr after reinjection. There
was good agreement between the
1-hr and 3-hr images based on seg
mental and patient analysis. The
obvious conclusion is that 1-hr rein
jection imaging is a time-saving
approach for assessing viability. Be
fore these results become routinely
used, however, it should be noted
that they were not compared to
â€œstandardtechniquesâ€• for assessing
viability, such as the 4-hr reinjection

technique (reinjection of thallium at 4
hr and not immediately after stress)
or 24-hr delayed imaging. Also, there
was no independent validation of the
accuracy of this technique (for exam
plc, wall motion analysis or meta
bolic imaging). It is not even clear
whether the results are different from
conventional 4-hr redistribution im
aging. The fact that 1-hr and 3-hr im
ages agreed with each other does not
in itself prove that either is ideal or
optimal. It is possible that the pres
ence and, especially, the extent of
reversibility might have been en
hanced by these techniques. One ob
servation from this study based on
circumferential profile analysis in
one patient (their Fig. 6) is the rela
tively greater increase in thallium
concentration in the abnormal zone
than in the apparently normal zone in
the 1-hr reinjection images. This
raises an important point about thal
hum biokinetics and suggests the im
portance of gradient-mediated pas
sive uptake or persistence of
postischemic coronary hyperemia.
On the other hand, a decrease in rest
ing coronary blood flow is expected
to accentuate existing perfusion ab
normalities.

Another â€œfastprotocolâ€•involves
the use of dual-isotope imaging (Ta
ble 4). This method should not be
attempted by novice users since dif

TABLE 3
Comparison Between Myocardial

Viability and Thallium Reversibility

Completelyreversible Yes
Partiallyreversible Yes
Nonreversible (fixed); Yes

mild*
Nonreversible(fixed); Yes

moderatet
Nonreversible(fixed); Maybe

severe*

*Up@e>75of normalmyocardium.
tUptake 50%of normalmyocardlum.
*Upf@e < 50% normal myocardium.
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Protocol No. of ImagesetsTotal protocoltime(hr)Redistrlbutlon*1

. Sequentialstress/thallium/restMIBIorteboroxime*2=.2Yes2.
Sequentialrestthallium/stressMIBIorteboroxime2=.â€˜2No3.
Slmuftaneousrestthallium/stressMIBI1â€œ.1No*Te@roxime

redistributionthalliumimagingat 24 hr.
Stressis eitherexercise,dipyridamole,adenosineor dobutamine.

FIGURE 1. RestredistributionSPECTthalliumimagesina
patientwithsevereleftventriculardysfunctionandthree-vessel
coronary artery disease proven by angiography. (Upper Panel)
Initial rest images. (Lower Panel) Four-hour redistribution im
ages.Three short-axisslices at the apical, mid and basal level
ofthe leftventricleandthe vertical long-axissliceat the mid-left
ventricular level are shown. There are extensive perfusion
abnormalities in the initial images which show partial to corn
plateredistribution.Leftventricularejectionfractioninthispa
tientwas23%beforeand 53%7 daysaftercoronaryartery
bypassgrafting.

ferences in imaging properties (atten
uation and scatter of perfusion
agents) may result in uncertainty in
precise characterization of the nature
of the abnormalities, especially in
patients in whom viability assess
ment is important. Simultaneous
image acquisition, although faster
and more precise, is handicapped
by considerable spillover of techne
tium energy into the thallium energy
window. Until algorithms are devel
oped to accurately correct for spill
over, this method should not be
used. The use of technetium labeled
perfusion imaging agents such as
sestamibi or teboroxime is still not
well studied for viability assessment.
Imaging 3â€”4hr after rest injection
of sestamibi (rather than 1 hr), atten
tion to quantitative degree of uptake,
gating and simultaneous assessment
of wall motion appear to be attrac
tive features that need to be fully
explored (13â€”15).

There are factors (eating, fasting,
nitroglycerin and ribose infusion)
that affect thallium clearance and
may decrease or enhance the detec
tion of reversibility. Eating or infus
ing glucose-potassium-insulin im

pairs detection of reversibility by
increasing thallium clearance from
the abnormal zones (and normal
zones). This effect is probably due to
a decrease in blood thallium concen
tration and increased thallium-potas
sium exchange across cellular mem
branes. Ribose infusion, on the other
hand, appears to enhance the detec
tion of reversibility. The exact mech
anism is unknown but has been sug
gested to be metabolic (9). The role
of ribose infusion in detecting viabil
ity before and after coronary revas
cularization has not yet been ade
quately studied. Finally, dynamic
tomographic imaging of â€˜23I-labeled
fatty acids is being studied to assess
viability. Prior work with this agent
was mainly in the area of detecting
coronary artery disease (16). The
renewed interest in long-chain fatty
acids is based on recent studies that
suggest that â€œC-acetatemay be a
better agent for viability studies
(with positron emission tomography)
than â€˜8F-fluorodeoxyglucose. lo
dophenylpentadecanoic acid, for
example, has a bioexponential clear
ance: the first and rapid part is due
to beta oxidation, the slower one is

due to incorporation into cytoplas
mic triglyceride pool. In myocardial
ischemia, there is a decrease in beta
oxidation and an increase in reten
tion.

After almost two decades of use,
the optimal protocol for thallium im
aging is still not well defined. It is
clear, however, that in most patients
stress/4-hr redistribution images pro
vide the necessary information. If
most perfusion defects are revers
ible, or the degree and extent of fixed
defects are mild or limited, further
testing will not be necessary. In pa
tients who have severe and extensive
fixed defects, the reinjection tech
nique appears to be the method of
choice. What is not yet clear is
whether the 1-hr reinjection method
provides the same results as the 4-hr
reinjection technique. However, un
til further data are available, the 4-hr
reinjection technique remains the
method of choice.

Abdulmassih S. Iskandrian

Philadelphia Heart Institute
Presbyterian Medical Center

Philadelphia, Pen,uylvania

TABLE 4
Dual-IsotopeImagingProtocols
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MB, Bonow RO. Enhanced detection of isch
emic but viable myocardium by the reinjection
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N Engil Med 1990;323:141-146.
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