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sionimaging.

Thedevelopmentofnewradiopharmaceuticals,anewer

generationofadvanced g-cameras with SPECT capabil-
ities, and PET has dramatically revolutionized myocardial
perfusion imaging. It is only natural to expect that this evo-
lutionary process would lead to the development of various
imaging protocols dealing with many variables, such as those
pertaining to g-cameras, radiopharmaceuticals, reimburse-

ment issues, hospital discharge policies, scheduling logis-
tics for outpatient clinics, and patients’ demographics and
convenience.

The purpose of this review was to compare the salient
features of the available protocols, the advantages and disad-
vantages of each protocol, and the kinetics of various radio-
tracers to gain a better understanding of the many and often
competing imaging protocols. There is a plethora of liter-
ature dealing with numerous issues pertaining to every avail-
able protocol. Novices are often confused when deciding
which protocol to use.

Following is a basic review of the physical properties,
biodistribution, and kinetics of each radiotracer.

RADIOPHARMACEUTICALS

Ideally, a radiopharmaceutical for myocardial perfusion
imaging should have the following characteristics: myocar-
dial uptake directly proportional to blood flow, high ex-
traction fraction, high target-to-background ratio, and good
myocardial retention and photon flux for optimal imaging.

201Tl
201Tl is a cyclotron-produced potassium analog radio-

isotope with a half-life of 73 h. It produces g-energy rays of
170 keV (;10%) and 135 keV (;3%). The photons re-
sulting from electron capture have energies of 69–80 keV
(abundance) and are the photons used for imaging. The first-
pass myocardial extraction of 201Tl is ;85%; however,
only about 3%–5% of the total injected dose localizes in the
myocardium when injected at peak exercise. The initial 201Tl
uptake within the myocardium occurs through the active
Na-K adenosine triphosphatase transport system. After the
initial extraction, 201Tl redistributes within the myocardium.
201Tl has a relatively short myocardial retention. The in-
jected dose is low (74–148 MBq [3–4 mCi]). The counting
statistics are fair. The radiation dosimetry is not favorable
because of the high total body absorbed dose, 0.68 rad (1).

99mTc-Sestamibi
Sestamibi is an isonitrile compound that, when labeled

with 99mTc, has a half-life of 6 h. It produces g-energy rays
of 140 keV (abundance), which are ideal for imaging.
99mTc-Sestamibi is extracted from the coronary circulation
in proportion to the coronary blood flow. The first-pass myo-
cardial extraction fraction of 99mTc-sestamibi is 55%–68%.



simultaneous acquisition. In a separate acquisition of 201Tl
rest images, the contribution of 201Tl to the 99mTc energy
window is negligible (;2.9%). Correction for cross con-
tamination between the 2 energy windows is not required.
The overall sensitivity and specificity for the detection of
coronary artery disease are ;90% (11,12).

Dual-Isotope Separate-Acquisition Protocol. For the rest
201Tl–stress 99mTc protocol, 111–148 MBq (3–4 mCi) of
201Tl is injected in the upright position to decrease lung
uptake. Rest 201Tl SPECT is performed after 10–15 min.
When rest imaging is complete, the patient is sent for tread-
mill or pharmacologic stress testing. Next, 555 MBq–1.11
GBq (15–30 mCi) of the 99mTc-labeled agent is injected,
and SPECT acquisition is begun at 15 min after injection.

For viability assessment, the patient can be given a sec-
ond injection of thallium and reimaged on the following
morning; alternatively, thallium can be given the night be-
fore imaging begins. Figure 2 is a diagram of dual-isotope
imaging protocol options. The images from a normal dual-
isotope study are shown in Figure 3.

The advantages of the dual-isotope separate-acquisition
protocol are as follows: a short duration of the entire study
(,2 h); no need for cross talk correction; insignificant con-
tribution of counts from 201Tl to the 99mTc window; min-
imization of the problem of cross contamination; optimal
defect contrast; comparable rest and stress images; true rest
study, which allows a better evaluation of reversible defects;
viability assessment; favorable dosimetry; patient conve-
nience; and sensitivity and specificity of ;90%.

The disadvantages of the dual-isotope separate-acquisition
protocol are as follows: comparison of stress–rest images
obtained with 2 isotopes with different characteristics; vari-
ability in attenuation factors; differences in image resolu-
tion; greater Compton scatter of 201Tl than of 99mTc; greater
myocardial wall thickness with 201Tl than with 99mTc be-

cause of increased scatter; less-than-optimal transient ische-
mic dilatation evaluation because of left ventricular cavity
being larger with 99mTc; difficulty in evaluating minimal
reversible defects; and low photon energy of 201Tl, a feature
that is not ideal for obese patients.

Figure 4 shows the normal cavity size difference between
a 201Tl scan and a 99mTc-labeled agent scan. Myocardial
wall thickness is greater with 201Tl than with 99mTc-labeled
agents. This normal difference in cavity size is attributable
to 201Tl scatter.

Dual-Isotope Simultaneous-Acquisition Protocol. The
dual-isotope simultaneous-acquisition protocol is based on
the unproven assumption that the effect of cross talk
between the energy windows of 201Tl and 99mTc is insig-
nificant. Downscatter of high-energy 99mTc-sestamibi into
the lower-energy 201Tl window results in an ;20% reduc-
tion in defect contrast with 201Tl and in the overestimation
of defect reversibility (12). Downscatter correction methods
are not conclusive and have not been clinically validated.

For the simultaneous rest 201Tl–stress 99mTc-sestamibi
SPECT protocol, 111 MBq (3.0 mCi) of 201Tl is injected at
rest. The stress study is performed within 30 min. After the
stress acquisition, 925 MBq (25 mCi) of 99mTc-sestamibi is
injected at peak exercise, and dual SPECT studies are
acquired within 30 min.

The advantages of the dual-isotope simultaneous-
acquisition protocol are as follows: no need for 2 separate
imaging sessions; reduced camera acquisition time; shorter
study duration; fewer motion artifacts than with separate
rest and stress acquisitions; and exact registration between
images obtained with 201Tl and images obtained with
99mTc.

The disadvantages of the dual-isotope simultaneous-
acquisition protocol involve cross talk and downscatter;
the contribution of scattered and primary photons from the

FIGURE 2. Dual-isotope imaging. Reprinted from Crawford ES, Husain SS. Nuclear Cardiac Imaging: Terminology and Technical
Aspects. Reston, VA: Society of Nuclear Medicine; 2003;33.
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first radionuclide into the photopeak window of the second
radionuclide results in a significant degradation of image
quality, image resolution, and quantitation. This protocol is
not recommended because of the problem of downscatter.

Dual-Isotope Cross Talk Correction Methods. Several
methods are available for correcting dual-isotope cross talk.
Downscatter correction methods are not conclusive and
have not been clinically validated. A detailed review of
various methods is available in physics books dealing with
this subject.

Moore’s correction method corrects only for the contri-
bution of 99mTc to the 201Tl primary 70-keV window. The
3-window transformation method involves 2 single-isotope
acquisitions and 1 dual-isotope acquisition. Simultaneous

cross talk correction by this method is slightly better than
that by Moore’s correction method. In the convolution cross
talk correction method, convolution filters are derived from
point response functions for 99mTc and 201Tl point sources.
Acquisitions are done with 99mTc only, 201Tl only, and with
a mixture of 99mTc and 201Tl. The average point response
function is used in the creation of a filter.

CONCLUSION

There is no single best protocol that addresses all of the
issues. From the standpoints of tracer kinetics, physical
properties, and the laws of physics, the 2-d 99mTc-labeled
agent myocardial perfusion imaging protocol is perhaps the

FIGURE 3. Images obtained with
99mTc-sestamibi (top row of each pair of
rows) and 201Tl (bottom row of each pair)
in dual-isotope protocol. Findings are
normal.

FIGURE 4. Normal cavity size differ-
ence between images obtained with
99mTc-sestamibi (top row of each pair of
rows) and those obtained with 201Tl
(bottom row of each pair) in dual-isotope
protocol.
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best. The 1-d rest–stress 99mTc-labeled agent myocardial
perfusion imaging protocol may be a better choice for
some clinics. The 1-d dual-isotope separate-acquisition pro-
tocol is a good alternative. The dual-isotope simultaneous-
acquisition protocol is a suboptimal choice until an approach
for downscatter correction is conclusive and validated
clinically.

Again, there is no single best protocol. Each protocol has
advantages and disadvantages, which must be understood
and taken into consideration when one is choosing a pro-
tocol. The staff members in each clinic need to determine
which protocol will work best for them and consistently
maintain it for better comparison when repeat studies are
performed on the same patient.
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