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myocardial perfusion agents: Technical,
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OVERVIEW

Currently, there is a considerable body of experi-
mental and clinical literature on the use of thallium 201
and technetium 99m-labeled tracers for detection of
coronary artery disease (CAD), detection of myocardial
viability, and risk stratification of patients. This article
reviews some of the potential advantages and disadvan-
tages of the newer Tc-99m-labeled tracers relative to TI-
201. The basic myocardial kinetic properties and biodis-
tribution of the commonly used Tc-99m-labeled
perfusion tracers will be compared with those of T1-201.
The clinical value of the Tc-99m-labeled perfusion trac-
ers will then be compared with that of T1-201 imaging.

From imaging physics and radiation safety perspec-
tives, the Tc-99m-labeled tracers are superior. The
shorter half-life of the Tc-99m-labeled perfusion tracers
allows for injection of higher doses of the tracer. The
higher 140-keV emissions from Tc-99m result in reduced
scatter and attenuation than that associated with the prin-
cipal 78-keV emission from T1-201. These physical
advantages of the Tc-99m-labeled tracers result in
improved image quality, especially in obese patients.
Cost and tracer availability also may favor Tc-
99m-labeled perfusion tracers over TI-201. However,
biologic properties of these Tc-99m-labeled perfusion
tracers may offset these advantages.

The most widely used Tc-99m-labeled perfusion
tracers, Tc-99m sestamibi and Tc-99m tetrofosmin,
which are currently approved for clinical use, do not
track myocardial flow as well as T1-201 does. Hence the
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Tc-99m-labeled perfusion tracers may have biologic dis-
advantages for myocardial stress perfusion imaging rela-
tive to T1-201. This may reduce the sensitivity of these
agents for detection of subcritical CAD. The quest for a
Tc-99m-labeled equivalent of T1-201 (ie, a tracer with
superior imaging qualities and flow-tracking capabilities)
has led to the development of several new Tc-
99m-labeled perfusion tracers. The most notable new
agent is bis (N-ethoxy, N-ethyl dithiocarbamato) nitrido
Tc-99m (V) (Tc-99m N-NOET), which many investiga-
tors consider the technetium equivalent of TI-201.
However, Tc-99m N-NOET is a neutral compound with
kinetic properties very different from T1-201. The behav-
ior of Tc-99m N-NOET is more similar to another neu-
tral compound, Tc-99m teboroxime. Dynamic imaging
may be required to take full advantage of the neutral Tc-
99m-labeled tracers, which have higher myocardial
extraction than T1-201.

Other issues relevant to myocardial tracer kinetics
are the behavior of the tracer in other organs (biodistri-
bution), the manner in which the tracer differentially
clears from normal and ischemic regions (redistribution),
and the ways in which uptake and clearance of the trac-
ers are influenced by myocardial viability. Myocardial
perfusion imaging is often conducted in conjunction with
exercise stress or different forms of pharmacologic stress
to augment regional flow heterogeneity. Each of these
stressors has unique effects on the coronary vasculature,
which may also influence the kinetics of each of the radio-
labeled perfusion agents differently. These differences
must also be considered when selecting a tracer-stressor
combination.

The substantial differences in myocardial uptake and
clearance kinetics and biodistribution among each of the
Tc-99m-labeled perfusion tracers and T1-201 should be
considered in the clinical application of perfusion imag-
ing. Each of the available perfusion tracers has unique
advantages and disadvantages, which must be considered
for optimal application of these agents.
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KINETICS OF RADIOTRACERS:
BASIC PRINCIPLES

Important kinetic features of any radiotracer include
(1) the first-pass myocardial extraction, which relates to
the ability of a radiotracer to track flow in a linear fash-
ion, (2) myocardial washout (clearance), which will be
affected by regional flow and radiotracer concentrations,
(3) myocardial retention (or accumulation), which is in
part a function of cell membrane integrity or viability, and
(4) redistribution of the myocardial uptake over time,
which is caused by differential regional clearance. In the
early phase after tracer injection, blood laden with the
tracer permeates the capillaries. The tracer in the capillar-
ies moves across the cell membranes into the cells by
means of diffusive or active processes. In this early phase
the tracer is extracted from the blood and accumulates in
the cell. Subsequently, the tracer starts to leave the cell, or
wash out, into the extracellular space or back into the
blood. As long as the mechanisms of cellular inflow are
stronger than those responsible for outflow, the tracer con-
tinues to accumulate in the cells. The rate of accumulation
in this secondary phase is less than that in the early phase.
Retention is used to describe the equilibration of radio-
tracer activity established in the cells in the postinjection
phase. Clearance or washout describes the phase in which
the efflux of tracer from the cell is greater than the influx.
The tracer kinetics in the myocardium will also be influ-
enced by the amount of tracer present in the arterial blood
supply to the myocardium, which in turn is closely related
to the kinetics of the tracer in other organs.

Myocardial Uptake: Linearity With Flow

How well tracer uptake tracks flow is the feature of
tracer kinetics most emphasized in the literature. This fea-
ture has been attributed to first-pass extraction. Linear
flow tracking occurs when all of the tracer delivered by
flow is taken up by the tissue, a process that is not limited
by tissue properties. At low flow the myocardium takes up
the entire tracer delivered by blood, and therefore the
uptake is limited by the delivery of the tracer by flow. At
high flow uptake is constrained by the permeability prop-
erties of cell membranes or becomes diffusion limited.
Tracers that do not track flow well demonstrate roll off of
uptake at high flows. The roll-off phenomenon is an indi-
cation that the tissue properties are limiting the uptake.
The uptake of such tracers will be influenced by the state
of the tissue and would be more strongly influenced by
changes in tissue permeability. Experiments in which
tracer uptake is compared with an independent measure-
ment of flow demonstrate that uptake versus flow behav-
ior is generally nonlinear. At low flow, uptake is linear to
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Figure 1. Normalized Tc-99m tetrofosmin activity and micro-
sphere flow in an experimental model of coronary occlusion.
Hearts were excised at 15 minutes after injection of Tc-99m tetro-
fosmin to determine if the early poststress distribution of Tc-99m
tetrofosmin accurately reflected stress-induced flow heterogeneity.
Filled circles represent segments from dogs subjected to adenosine
(ADO) stress. Open circles represent segments from dogs subjected
to dipyridamole (DP) stress. Correlations were derived from
pooled data (dogs, n = 6; segments, n = 576). At higher flows (>2
mL/min/g) Tc-99m tetrofosmin uptake underestimated flow. (From
Sinusas et al. J Nucl Med 1994;35:664-71. Reprinted with permis-
sion from the Society of Nuclear Medicine.)

flow, whereas at high flow, uptake tends to become con-
stant regardless of the flow. This behavior for Tc-99m
tetrofosmin is shown in Figure 1.

An important corollary to this observed behavior is
that the uptake of highly diffusive tracers (ie, tracers that
are flow limited) may not be significantly influenced
when cell membrane properties change from normal.
Hence inferences about membrane state cannot, in gen-
eral, be made from uptake of these tracers. Only when
tissue permeability diminishes significantly from normal
will the uptake versus flow of these tracers begin to
demonstrate roll-off behavior. However, if the tracer
uptake already shows signs of diffusion limitations under
normal flow conditions, we may expect that uptake will
be influenced by changes in membrane properties. In
fact, diffusion-limited tracers may prove to be better indi-
cators of tissue viability.

Myocardial Uptake and Retention: Effect of
Viability on Kinetics

The assessment of myocardial viability requires
selection of tracers on the basis of more criteria than a
single issue such as linearity in flow tracking. In general,
tracer retention is an accurate predictor of viability. Low
myocardial activity indicates low flow and hence identi-
fies the tissue as not viable with high confidence. High
relative myocardial activity indicates normal or high
flow, especially for tracers with minimal roll off, and
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identifies the tissue as viable with high confidence.
However, considerable uncertainty exists when myocar-
dial activity falls within the intermediate range, repre-
senting flow states in which the tissue cannot clearly be
categorized as ischemic.

Myocardial Redistribution

Redistribution imaging is one of the techniques
used to enhance the contrast between normal and
ischemic tissue. Redistribution results from the differ-
ential clearance of a tracer from different myocardial
regions. The process of redistribution involves clear-
ance of the tracer that has accumulated in the cell back
into the blood and drainage through intracellular spaces.
Thus redistribution can take place by means of more
than one pathway, and all these pathways require trans-
port across cell membranes. Because the membrane
properties are less limiting to transport for linear trac-
ers, the clearance rates are generally high and are some-
times even comparable to extraction rates. For example,
the wash-in and washout rates of T1-201 are comparable
in ventricular myocytes of newborn rats.! However, for
diffusion-limited tracers (ie, tracers that show roll off
with increasing flow), the clearance rates are substan-
tially slower than the wash-in rates. In this regard, the
slower washout of Tc-99m sestamibi and Tc-99m tetro-
fosmin could be attributed to the natural affinity of the
cell membranes to these lipophilic tracers or cellular
retention related to transmembrane potential. Another
factor that affects clearance is the amount of tracer in
the blood pool, which is related to the kinetics of the
tracer in other organs and to excretion of the tracer.
Thus tracer redistribution will be affected by many fac-
tors, including tracer permeability, volume of distribu-
tion, flow rates, blood-pool concentration, and cellular
integrity.

A summary of available knowledge on tracers, their
structure, the mechanisms of transfer across the cell
membranes, and the effect of flow and tissue properties
on tracer uptake will provide a better understanding of
the way in which the kinetics of a tracer influences clin-
ical application. Such a systematic understanding of
tracer functioning during myocardial perfusion imaging
will help one to better apply perfusion imaging for detec-
tion of CAD and assessment of myocardial viability.

DIFFERENCES IN STRUCTURE AND
CELLULAR EXCHANGE OF AVAILABLE
PERFUSION TRACERS

T1-201 is used in the form of ionic thallous chloride.
The uptake of T1-201 is associated with movement of the
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TI* cations, which is dominated by active Na* K+-
ATPase transport processes.2 Hence factors influencing
these active pathways would affect the uptake of T1-201.
The first-pass myocardial extraction fraction of T1-201 is
82% to 88%, which is relatively high.3

The Tc-99m-labeled complexes are either lipophilic
cationic or lipophilic neutral. Because cell membranes
are lipid structures, highly lipophilic neutral molecules
are naturally attracted to these membranes. Furthermore,
because membranes are more negatively charged at the
mitochondrial level than at the sarcolemmal level,
cationic tracers such as Tc-99m sestamibi enter the cell
and then concentrate in the mitochondria.#

Tc-99m sestamibi is a lipophilic cationic complex of
6 isonitriles, which is generally taken up by a process of
passive diffusion, although secondary active phenomena
may play a role. The uptake and accumulation of Tc-99m
sestamibi are related to the transmembrane potential.
Metabolic changes that alter the uptake of Tc-99m ses-
tamibi have also been demonstrated to alter the transmem-
brane potential. Leppo and Meerdink> examined the
myocardial transmicrovascular transport of Tc-99m ses-
tamibi in a blood-perfused, isolated rabbit heart model.
The average fractional extraction of Tc-99m sestamibi
(39% + 9%) was significantly less than that of T1-201
(73% + 10%). The in vivo first-pass myocardial extraction
of Tc-99m sestamibi is thought to be intermediate (approx-
imately 55%-68%).6 Labeling of the compound with Tc-
99m is relatively easy and rapid, although the process
requires heat.

Tc-99m tetrofosmin is a newer lipophilic cationic
complex, which uses a diphosphine ligand and can be
rapidly prepared from a kit.7- Metabolic blockers have
been shown to cause a strong decrease in cellular accu-
mulation of Tc-99m tetrofosmin, whereas channel
inhibitors have little effect. The myocardial first-pass
extraction of Tc-99m tetrofosmin is 54%, with slow
myocardial clearance and slow redistribution.10

The Tc-99m-labeled boronic acid adduct of tech-
netium dioxime (BATO) complex, Tc-99m teboroxime,
is a neutral lipophilic radiotracer that demonstrates
high myocardial extraction (>90%), rapid myocardial
uptake proportional to flow, and rapid myocardial
clearance.!1-13

Tc-99m N-NOET is a highly lipophilic neutral com-
plex that has a high first-pass myocardial extraction of
75% to 85%, which is comparable to that of T1-201. In
general, Tc-99m N-NOET, being lipophilic and neutral, is
attracted to the cell membrane. The transport of Tc-99m
N-NOET is not influenced by many metabolic and ion
transport inhibitors. However, calcium channel blockers
can reduce myocardial Tc-99m N-NOET accumulation,
whereas calcium channel activators enhance it.14
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MYOCARDIAL UPTAKE RELATIVE TO FLOW

Tracers that track flow well demonstrate linear
uptake versus flow over a wide range of flow. For such
flow-limited tracers the cells take up the entire amount of
tracer delivered by flow. Increases in flow lead to
increased delivery of the tracer, which in turn causes pro-
portional increases in uptake. Because the diffusion prop-
erties of cell membranes do not limit uptake, alterations
of the cell membranes would generally not affect tracer
uptake versus flow behavior. Flow-limited tracers may
not be good indicators of viability. Tc-99m teboroxime
would be a good example of a tracer in this category.!3 In
an open chest canine model of prolonged occlusion and
reperfusion, Chang et all> demonstrated that myocardial
Tc-99m teboroxime regional activity 2 minutes after
injection is an index of flow, independent of myocardial
viability. Although the initial distribution of Tc-99m
teboroxime may not be a good marker of viability, early
Tc-99m teboroxime uptake may be the most appropriate
index for the early noninvasive assessment of reperfusion
after acute myocardial infarction. However, this approach
would necessitate immediate and rapid imaging (1-2
minutes) after injection of the radiotracer. Tc-99m N-
NOET is the other neutral lipophilic Tc-99m-labeled
radiotracer, which appears to track flow in a fairly linear
fashion, even at higher flow induced by pharmacologic
stress. 10

The other available Tc-99m-labeled tracers, such as
Tc-99m sestamibi and Tc-99m tetrofosmin, are diffusion
limited and do not track flow as well as Tc-99m teborox-
ime or even T1-201 does at higher flows induced by exer-
cise or pharmacologic stress.!0:17 However, in the pres-
ence of normal flows or conditions of low flow, the
uptake of Tc-99m sestamibi,!8:19 Tc-99m tetrofosmin,20
and T1-20118.19 is linearly related to flow.

EFFECT OF MYOCARDIAL VIABILITY ON
TRACER RETENTION

As outlined previously, Tc-99m sestamibi and Tc-
99m tetrofosmin are not pure flow tracers and are not
retained in necrotic areas.?1-24 Therefore Tc-99m ses-
tamibi and Tc-99m tetrofosmin, like T1-201, are markers
of myocardial viability. If Tc-99m sestamibi is adminis-
tered during coronary occlusion, the distribution of Tc-
99m sestamibi correlates with flow and can quantita-
tively delineate the regions at risk.21:22 Thus Tc-99m
sestamibi imaging can provide a clinical marker of
myocardial regions at risk, thus providing the basis for
risk stratification of patients after acute myocardial
infarction. However, in the presence of necrosis, the
myocardial distribution of Tc-99m sestamibi is critically
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dependent on both when the injection is given relative to
reperfusion and when the imaging is performed after
tracer injection.22.25

Although the myocardial uptake and retention of
these tracers are altered by myocardial necrosis, the in
vivo myocardial kinetics of both T1-201 and Tc-99m ses-
tamibi is not significantly altered by ischemia.!8 In the
presence of postischemic dysfunction (myocardial stun-
ning), the myocardial uptake of both T1-201 and Tc-99m
sestamibi is proportional to flow.!8.26 The uptake of TI-
201, which tracks flow well, is generally unaffected by
hypoxia, stunning, or low-flow ischemia unless irre-
versible (severe) injury is present.3:27-29 A tracer demon-
strating diffusion-limited myocardial uptake would theo-
retically be more sensitive to metabolic dysfunction and
membrane disruption.

CLEARANCE AND REDISTRIBUTION

T1-201 clearance, like its uptake, is quite rapid.
Because a substantial component of T1-201 transport to
the cells is due to active cellular transport processes, its
clearance rate would be slower in regions where cellular
activity is diminished. T1-201 demonstrates myocardial
redistribution, a phenomenon that improves the identifi-
cation of myocardial ischemia. Tc-99m sestamibi
demonstrates less redistribution than TI-201, and Tc-99m
tetrofosmin demonstrates practically no redistribution.

The myocardial capillary permeability of TI-201 is
greater than that of Tc-99m sestamibi, but the parenchy-
mal cell permeability and volume of distribution of Tc-
99m sestamibi are much greater than those of T1-201,
which is reflected in a longer residence time within the
myocardium for Tc-99m sestamibi. The net result of
these differences in the myocellular transport of the 2
radiopharmaceuticals is that little difference is observed
in the initial myocardial accumulation of the 2 agents
when imaged in vivo, although Tc-99m sestamibi
demonstrates significantly slower myocardial clearance
than T1-201. Because factors such as mitochondrial
membrane potentials can affect the efflux of Tc-99m ses-
tamibi, the redistribution of Tc-99m sestamibi may be
strongly influenced by conditions that disrupt the mem-
brane potential, such as severe ischemia.3? In a canine
model of ischemia, both TI-201 and Tc-99m sestamibi
demonstrated a small degree of redistribution in the pres-
ence of critical stenosis.3! Serial myocardial biopsy spec-
imens also demonstrated redistribution in a canine model
of occlusion and reperfusion.32 The tissue kinetics of Tc-
99m sestamibi has important implications with regard to
the application and timing of clinical Tc-99m sestamibi
imaging.33:34 In fact, Tc-99m sestamibi redistribution has
been shown to be clinically relevant both at rest35-3¢ and



486 Kailasnath and Sinusas
T1-201 versus Tc-99m-labeled myocardial perfusion agents

Journal of Nuclear Cardiology
July/August 2001

Image available in print only

Figure 2. Normalized myocardial Tc-99m N-NOET activity versus microsphere flow in the presence of adenosine (A)
or dobutamine (B) stress. All data were derived with a canine model of partial coronary occlusion. A, Tc-99m N-NOET
activity (filled circles) plotted with curves for T1-201 and Tc-99m sestamibi derived from an early series of experiments
that used adenosine stress.!7 B, Tc-99m N-NOET (filled circles) and TI1-201 activity (open circles) plotted with curves
for Tc-99m sestamibi derived from an early series of experiments that used dobutamine stress.4? Uptake of Tc-99m N-
NOET and that of TI-201 were closely proportional to flow over a wide range of hyperemic flows, during both adeno-
sine and dobutamine stress (flows of 2.5-3 mL/min/g). In contrast, uptake of Tc-99m sestamibi plateaus slightly earlier
during adenosine hyperemia (flows of 2-2.5 mL/min/g). Uptake of Tc-99m sestamibi plateaus even earlier during dobu-
tamine-induced hyperemia (flows of ~1 mL/min/g). (Adapted from Calnon et al. Circulation 1999;100:1653-9.
Reprinted with permission from Lippincott Williams & Wilkins. Copyright © 1999.)

after exercise.33 Because the myocardial clearance of Tc-
99m sestamibi and Tc-99m tetrofosmin is significantly
slower than that of T1-201, separate stress and rest injec-
tions of the Tc-99m-labeled agents are generally used.

Of the Tc-99m-labeled compounds, Tc-99m N-
NOET demonstrates the greatest degree of myocardial
redistribution. Several investigators have demonstrated
significant early myocardial redistribution of Tc-99m N-
NOET in experimental models of ischemia.37-40 The
prominent redistribution of Tc-99m N-NOET has been
attributed to the binding of the compound to red blood
cells.38 The myocardial redistribution of Tc-99m N-
NOET is comparable to that of TI-201.37:3% However,
under conditions of extremely low flow, relative myocar-
dial T1-201 uptake in the ischemic region normalized
more than Tc-99m N-NOET uptake.3?

EFFECT OF PHARMACOLOGIC STRESS

Pharmacologic stressors have differential effects on
radiotracer myocardial uptake and clearance kinetics.
Under conditions of inotropic stress with dobutamine,
myocardial uptake of Tc-99m sestamibi plateaus at a
lower flow than previously observed during vasodilator
stress with either adenosine or dipyridamole.4!-42
Therefore relative myocardial Tc-99m sestamibi activity
underestimated microsphere flow at higher flows induced
by dobutamine, leading to underestimation of ischemia.
The exact mechanism by which a stressor augments flow
becomes relevant to tracer kinetics. For example, differ-
ent stressors may influence different size ranges in the

vascular tree. The changes in flow patterns induced by a
stressor may also involve changes in the effective
exchange surface membrane, thereby affecting the
extraction of the tracer. Wu et al4! postulated that
increased contractility associated with inotropic stress
may result in the development of greater intramyocardial
pressures, which may alter hydrostatic pressure and in
turn fluid and mass transport in the myocardium. Calnon
et al*2 suggested that the effect of dobutamine on
myocardial uptake may be related to alterations of cal-
cium transport. The myocardial uptake of Tc-99m ses-
tamibi may be diminished by dobutamine-induced cal-
cium influx, which reduced the negative mitochondrial
membrane driving potential. The myocardial uptake of
Tc-99m N-NOET and that of T1-201 are closely propor-
tional to blood flow during both adenosine and dobuta-
mine stress, suggesting that the adverse effect of dobuta-
mine on Tc-99m sestamibi uptake is a tracer-specific
phenomenon rather than a generalized effect.1® The
effects of pharmacologic stress on myocardial uptake of
radiotracers are summarized in Figure 2. The clinical
implication of this finding is that Tc-99m N-NOET or TI-
201 might be preferable to Tc-99m sestamibi when used
with dobutamine stress for detection of coronary
stenoses.

BIODISTRIBUTION

The uptake and clearance kinetics of the tracer from
all organs and the excretion of the tracer by the liver or
kidneys are also relevant to myocardial stress perfusion
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Table 1. Relative tracer distribution in the heart, liver, and lungs

Heart-liver Heart-lung
Authors Tracer Time Rest Exercise Rest Exercise
Wackers et al43 TI-201 2 h/20 min* 1.4+03 2.1+03 1.9 + 0.1 23+0.2
Wackers et al43 Tc-99m 5 min 0.5 + 0.1 1.3 +0.1 1.9+0.2 2.1 £0.1
sestamibi
Jain et al44 Tc-99m 5 min 0.8 +£0.2 1.3+£04 1.8 £0.2 1.9+£0.3
tetrofosmin
Vanzetto et all4 Tc-99m N-NOET 5 min 1.4+0.2 1.5+0.2 0.8 + 0.1 1.4+04

*Rest images were acquired 2 hours after injection; stress images were acquired 20 minutes after injection.

imaging. The uptake and clearance from these organs
establish the level of tracer activity in the circulating
blood, which in turn affects the myocardial tracer kinet-
ics. Tracer activity in organs adjacent to the heart, such as
the lungs and the liver, complicates imaging of the heart.
Hence the relative tracer uptake in these organs (ie,
biodistribution) and the variation of biodistribution with
time are important in the determination of the optimal
timing of imaging. The biodistribution of a radiotracer
can also be affected by the level of exercise or by the type
of pharmacologic stress.

Table 1 summarizes the reported biodistribution of
T1-201,43 Tc-99m sestamibi,*3 Tc-99m tetrofosmin,*4
and Tc-99m N-NOET.14 The ratios of activity in the heart
are compared with those in neighboring organs (liver and
lung) at rest and after exercise. The biodistribution of
both Tc-99m sestamibi and Tc-99m tetrofosmin shows
considerable change with exercise, which suggests that
the kinetics of these tracers was influenced by the degree
of stress. In contrast, the heart-liver ratio of Tc-99m N-
NOET, which has a superior extraction fraction com-
pared with the other 2 tracers, is comparable at rest and
after exercise. Investigators have suggested that Tc-99m
tetrofosmin has a relatively faster hepatic clearance than
Tc-99m sestamibi, yet both tracers have the same heart-
liver contrast ratio with imaging after exercise. The
improved heart-liver ratio of Tc-99m tetrofosmin at rest
is derived with a same-day stress/rest protocol and there-
fore may simply reflect increased myocardial uptake
from the preceding stress injection.44

CLINICAL APPLICATIONS
Detection of CAD
TI-201 versus Tc-99m sestamibi. Early single-

center studies directly comparing T1-201 and Tc-99m
sestamibi demonstrated comparable sensitivities of both

tracers for detection of CAD#5-47; one of the largest mul-
ticenter studies directly comparing T1-201 and Tc-99m
sestamibi confirmed these results.#8 Many of the patients
enrolled in this multicenter study had undergone both
planar (n = 284) and single photon emission computed
tomography (SPECT) (n = 294 patients) imaging. The
sensitivities for detection of significant coronary artery
stenosis in 1 of the 3 vascular territories were 85% and
87% for planar Tc-99m sestamibi and TI1-201, respec-
tively. The sensitivities were similar for SPECT imaging
(Tc-99m sestamibi, 92%; T1-201, 90%). However, this
early phase III multicenter study suggested that Tc-99m
sestamibi imaging may provide improved specificity for
detection of CAD. The specificities for detection of sig-
nificant coronary artery stenosis in 1 of the 3 vascular ter-
ritories were 95% and 55% for planar Tc-99m sestamibi
and TI-201, respectively. The specificities of SPECT
imaging for detection of CAD were less favorable for
both radiotracers (Tc-99m sestamibi, 50%; T1-201, 39%).
Although SPECT Tc-99m sestamibi imaging provided
slightly improved sensitivity for detection of coronary
disease, this was at the expense of specificity. The low
specificities reported in this multicenter trial have been
attributed to patient referral bias, in that patients with
abnormal perfusion study results were preferentially
referred for coronary angiography.4® However, such a
justification would not explain the lower specificity of
SPECT relative to planar imaging. The low specificity
must therefore be partially related to misinterpretation of
attenuation artifacts on SPECT imaging.

A meta-analysis was recently performed comparing
exercise echocardiography and exercise SPECT imag-
ing for detection of CAD documented by cardiac
catheterization.50 This analysis included 27 studies that
evaluated the sensitivity and specificity of SPECT TI-
201 or Tc-99m sestamibi imaging for detection of CAD.
Nine of the studies used T1-201 SPECT, 15 used Tc-
99m sestamibi SPECT, and 3 used dual isotope T1-201
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Table 2. Summary of studies that compared the accuracy of Tc-99m tetrofosmin with TI-201 for detection of CAD

Patients with

No. of myocardial
Author Year patients infarction (%) Imaging Stress
Nakajima et al5 1993 26 31 SPECT Exercise
Sridhara et al%0 1993 50 64 Planar Exercise
Heo et al6! 1994 26 15 SPECT Exercise
Tamaki et al62 1994 25 48 SPECT Exercise
Rigo et al63 1994 40 65 Planar Exercise
Zaret et al®4 1995 224 50 Planar Exercise
Cuocolo et all42 1996 41 56 SPECT Adenosine/exercise
Matsunari et al6¢ 1996 20 50 SPECT Exercise
Benoit et al®7 1996 72 58 Planar/SPECT Exercise
Shanoudy et al%® 1998 26 23 SPECT Dipyridamole

*Values shown are for adenosine/exercise.
tValues shown are for planar imaging/SPECT imaging.
#Values shown are for detection of >50% stenosis/>70% stenosis.

and Tc-99m sestamibi SPECT imaging. The overall
sensitivity of exercise SPECT imaging was 87%,
although the specificity was only 64%. In this meta-
analysis the choice of tracer or the use of visual versus
quantitative analysis did not significantly affect accu-
racy. Recently, limitations have been identified regard-
ing the inclusion criteria used for selection of the stud-
ies included in this meta-analysis.>!

More recent studies suggest that the specificity of
SPECT imaging for detection of CAD may be improved
with gated SPECT analysis,52:53 simultaneous analysis of
perfusion and function,3 or application of attenuation
correction.555 Analysis of gated SPECT has been useful
in separating true fixed perfusion defects from those
caused by soft tissue attenuation. This additional infor-
mation results in an improved specificity of SPECT
imaging for detection of CAD.

Ficaro et al>* were the first to report improved speci-
ficity for detection of CAD with the use of nonuniform
attenuation correction, using a noncommercial system for
simultaneous emission transmission imaging. A recent
prospective multicenter trial was performed that com-
pared uncorrected Tc-99m sestamibi SPECT perfusion
images and attenuation- and scatter-corrected images for
detection of CAD.55 This multicenter trial demonstrated
that the use of attenuation and scatter correction in con-
junction with SPECT imaging significantly improved the
normalcy rate without reducing the overall sensitivity.
However, implementation of attenuation and scatter cor-
rection resulted in a reduction in the detection of multi-
vessel disease in the study population.35

Although Tc-99m has a higher energy emission (140
keV) than T1-201 (78 keV), tissue attenuation with Tc-

99m is decreased by only approximately 15%.56.57
However, the shorter half-life of the Tc-99m-labeled
tracers permits injection of much larger doses of radioac-
tivity, yielding improved image quality and allowing for
electrocardiography (ECG)-gated image acquisitions.
This allows for simultaneous assessment of regional
myocardial perfusion and function, which permits better
identification of attenuation artifacts.>3

Taillefer et al58 recently compared the accuracy of
T1-201 and Tc-99m sestamibi SPECT imaging for detec-
tion of CAD in women. This prospective study demon-
strated comparable sensitivities of these 2 tracers for
detection of CAD. However, Tc-99m sestamibi SPECT
imaging provided improved specificity, particularly if
perfusion and function were evaluated with ECG-gated
SPECT. The principal findings of this study are summa-
rized in Figure 3. Differences in specificity were
observed depending on the stressor. The improved speci-
ficity of Tc-99m sestamibi was seen only in patients
undergoing exercise.

TI-201 versus Tc-99m tetrofosmin. Many studies
have compared the accuracy of Tc-99m tetrofosmin with
that of T1-201 for detection of CAD.59-9 All studies have
demonstrated reasonable concordance for detection of
coronary disease, although some of the studies have
demonstrated a slight underestimation of ischemia with
Tc-99m tetrofosmin.59:66.69 The sensitivity and speci-
ficity of Tc-99m tetrofosmin for detection of CAD have
been variable. This variability is related in part to the
presence of myocardial infarction in the population under
investigation. These studies are summarized in Table 2.
The largest study to evaluate the accuracy of T1-201 and
Tc-99m tetrofosmin for detection of CAD was a phase III
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Concordance
with TI-201 (%)

Sensitivity
for CAD (%)

Specificity
for CAD (%)

83 60 72
68 - -
83 87 100
89 75 80
81 75 -
60 77 58
82 86/84* 85/92*
100 - -

~ 68/87t 78/89t
76 37/72% -

multicenter clinical trial.®4 In this trial 224 patients
underwent symptom-limited exercise and rest planar TI-
201 and Tc-99m tetrofosmin imaging. Tc-99m tetrofos-
min imaging was performed with a same-day, split-dose
planar imaging protocol. Fifty percent of the patients
had prior myocardial infarction. Myocardial regions
were categorized as normal, ischemic, or infarcted.
There was a 60% precise concordance of Tc-99m tetro-
fosmin and T1-201 findings. A subset of patients under-
went cardiac catheterization (n = 181). The sensitivity
and specificity of Tc-99m tetrofosmin for detection of
angiographically determined stenosis of 70% or greater
in all of the patients were fair (sensitivity, 77%; speci-
ficity, 58%), although they declined when the patients
without myocardial infarction were excluded (sensitiv-
ity, 70%; specificity, 52%). Azzarelli et al70 recently
performed a retrospective analysis of the accuracy of
Tc-99m tetrofosmin SPECT imaging for detection of
CAD. In this large population (n = 235) with a high
incidence of myocardial infarction (66%), the overall
sensitivity (95%) and specificity (77%) for detection of
any CAD were good. However, the sensitivity (69%) for
detection of individual diseased vessels was less favor-
able, whereas specificity (94%) remained high. As pre-
viously demonstrated with Tc-99m sestamibi SPECT
imaging, the addition of functional analysis of left ven-
tricular function in conjunction with Tc-99m tetrofos-
min imaging improved diagnostic accuracy for the
detection of CAD."!

TI-201 versus Tc-99m N-NOET. Initial clinical
studies suggest that Tc-99m N-NOET myocardial perfu-
sion images are of excellent quality and provide compa-
rable sensitivity to T1-201 for detection of CAD.14.72
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p = 0.0004
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%
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Sensitivity

Specificity

Figure 3. Sensitivity and specificity of SPECT TI1-201 (open bars)
and Tc-99m sestamibi (MIBI; gray bars) perfusion for detection of
coronary stenosis of 70% or greater in 85 women with suspected
CAD and in 30 women with likelihood of CAD of 5% or lower.
Sensitivity for detection of CAD was similar for both tracers.
However, Tc-99m sestamibi provided improved specificity.
Specificity was improved further by additional analysis of regional
wall motion from ECG-gated SPECT Tc-99m sestamibi images
(filled bars). (Adapted from Taillefer et al. J Am Coll Cardiol
1999;29:69-77. Reprinted with permission from the American
College of Cardiology.)

Pharmacologic Stress

Although many investigators have reported similar
sensitivities between Tc-99m sestamibi and TI-201 in
detection of CAD, these studies generally used exer-
cise43:47.73 or pharmacologic vasodilation.”4:75

Simultaneous dipyridamole administration and max-
imal subjective exercise in patients who are unable to
achieve a good exercise level can improve the diagnostic
accuracy of Tc-99m sestamibi SPECT.76 No clinically
relevant differences in diagnostic accuracy were demon-
strated between Tc-99m sestamibi and T1-201 SPECT
with combined dipyridamole-exercise stress for the eval-
uation of CAD.7* As outlined previously, experimental
studies suggest that dobutamine Tc-99m sestamibi may
have lower sensitivities for detection of CAD than
vasodilators because of the earlier roll off.

Several clinical studies have evaluated the efficacy
of dobutamine stress Tc-99m sestamibi scintigraphy for
detection of CAD. These studies have generally reported
acceptable sensitivity (range, 73%-89%) and specificity
(range, 69%-100%).77-82 However, the sensitivity of
dobutamine Tc-99m sestamibi scintigraphy for detection
of CAD is partly dependent on the severity of the under-
lying stenosis. Voth et al” showed a detection rate of
85% (28/33 patients) for severe stenosis (>70% diameter
reduction) but only 50% (12/24 patients) for moderate
stenosis (50%-70% diameter reduction) in one or more
vessels. Clinical studies have also demonstrated decreased
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sensitivity of dobutamine Tc-99m sestamibi scintigraphy
for detection of single-vessel disease versus multivessel
disease. Senior et al8! reported a sensitivity of 77% for
prediction of multivessel disease but a generally lower
sensitivity for detection of single-vessel disease. In their
study of 97 patients, Marwick et al80 showed sensitivities
of 89% for detection of multivessel disease but only 71%
for detection of single-vessel disease. Thus the sensitiv-
ity of dobutamine Tc-99m sestamibi scintigraphy
reported in the clinical literature may be falsely elevated
because of patient selection. There was a high clinical
suspicion for the presence of CAD, multivessel disease,
or critical coronary stenosis in many of the patients
enrolled in these studies. However, the implications of
this bias toward a high sensitivity remain purely specula-
tive and warrant further clinical experimental and clinical
evaluation.

There are limited clinical data that have directly
compared exercise and pharmacologic stress with Tc-
99m tetrofosmin SPECT myocardial perfusion imaging.
Levine et al83 recently examined 31 patients with CAD
and 7 patients with a less than 5% likelihood of CAD. All
patients underwent separate-day Tc-99m tetrofosmin
SPECT imaging at rest and after exercise, dipyridamole,
adenosine, and dobutamine stress. Defect extent, severity,
and reversibility were less with dipyridamole or dobuta-
mine Tc-99m tetrofosmin SPECT imaging than with
exercise Tc-99m tetrofosmin SPECT.

Earlier studies by this group evaluated the effects of
different pharmacologic stressors on Tc-99m sestamibi
SPECT defect size.’8:84 Santos-Ocampo et al8* per-
formed Tc-99m sestamibi SPECT imaging after rest,
exercise, dipyridamole, and adenosine stress on separate
occasions in 20 subjects (10 healthy subjects and 10
patients with known CAD). They observed no significant
differences in the myocardial perfusion defects obtained
after the 3 different modes of stress, including percent-
ages of defect size, stress deficit, and ischemia; count
deficit index; and defect nadir. Thus Tc-99m sestamibi, in
combination with either adenosine or dipyridamole infu-
sion, provides imaging data equivalent to the data
obtained with exercise.

Risk Stratification and Prognosis

In patients with known CAD, the measurement of
resting regional myocardial perfusion and global left ven-
tricular function helps to predict the subsequent occur-
rence of cardiac events, including myocardial infarction,
angina, and sudden death.

The prognostic value of stress T1-201 scintigraphic
assessment of the severity of ischemia and infarction in
patients with stable CAD and after myocardial infarction
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is well established.®5 The potential of this risk stratifica-
tion method was first established in 1980 in patients after
myocardial infarction8¢ and in 1983 in patients with chest
pain87 and in additional patients after uncomplicated
myocardial infarction.88 The best predictor of future car-
diac events was the number of ischemic segments in the
TI-201 images.87 Many subsequent studies have con-
firmed the prognostic value of exercise-induced ischemia
on TI-201 scintigraphy.8990 The number of cardiac
events increased exponentially as a function of the num-
ber of reversible T1-201 defects.89 A normal T1-201 study
result confers an excellent prognosis, independent of the
presence or absence of other demonstrable evidence of
CAD.91.92 TI-201 imaging in conjunction with dipyri-
damole-induced coronary vasodilation also has great
prognostic value.93:94

Increased lung uptake of T1-201 is also an important
predictor of cardiac events.®5:96 Increased lung uptake is
the result of exercise-induced left ventricular dysfunc-
tion, which results in increased T1-201 uptake in the
interstitial space of the lungs caused by elevated left ven-
tricular filling pressure. The presence of increased lung
uptake is associated with multivessel CAD and extensive
ischemia.®” With planar imaging, a visual increase of
lung uptake is the best predictor of future cardiac
events.% Quantitative criteria have been established for
the assessment of increased lung uptake.9>

Exercise-induced left ventricular dilatation is
another indicator of extensive CAD in TI1-201 scinti-
graphic studies; it indicates a poor prognosis.?® Transient
left ventricular dilatation is a specific marker of multi-
vessel CAD.%8

The prognostic value of the Tc-99m-labeled perfu-
sion agents is comparable to that reported for T1-201
imaging.?® A normal Tc-99m sestamibi perfusion study
result is associated with a very low hard event rate of
only 0.6% annually. Berman et all% demonstrated the
incremental prognostic value of Tc-99m sestamibi perfu-
sion imaging over clinical and exercise electrocardio-
graphic variables in a large population followed up for
nearly 2 years. Exercise Tc-99m sestamibi perfusion
imaging may provide even greater incremental prognos-
tic value in women than in men.l01102 Ag with T1-201
scintigraphic studies, the extent of hypoperfusion on
stress Tc-99m sestamibi perfusion studies provides
important prognostic information. In a large retrospective
study Hachamovitch et all03 demonstrated that patients
with mild Tc-99m sestamibi perfusion defects had good
outcomes, independent of therapy used. In contrast, those
with moderate or severe defects had much better out-
comes with revascularization than with medical therapy.

Many laboratories are currently performing rest Tl-
201/exercise Tc-99m sestamibi dual-isotope myocardial
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perfusion SPECT imaging. This dual-isotope protocol
appears to offer prognostic value similar to that of single-
isotope studies. Berman et all%4 studied 1043 consecutive
patients with known or suspected CAD, using a rest TI-
201 and exercise Tc-99m sestamibi dual-isotope SPECT
perfusion protocol, with patients followed up for at least
1 year. This study directly compared quantitative analy-
sis with expert visual semiquantitative scoring. There
were no significant differences in the areas under receiver
operating characteristic curves between quantitative and
visual analysis. Thus automatic quantitative analysis of
exercise stress myocardial perfusion SPECT was similar
to semiquantitative expert visual analysis for prognostic
stratification. These findings may be of particular clinical
importance in laboratories with less experienced visual
interpreters.

In patients with chronic stable angina the resting left
ventricular ejection fraction!95 and the exercise ejection
fraction!06.107 help predict cardiovascular death or
myocardial infarction. In risk stratification the radio-
tracer data are independent of the prognostic information
obtained at cardiac catheterization. Rest/exercise radionu-
clide angiography was used to predict subsequent cardio-
vascular events in 571 stable medically treated patients
with symptomatic CAD who underwent catheteriza-
tion.108 With a median follow-up of more than 5 years,
the peak exercise left ventricular ejection fraction was the
best predictor of death. The change in heart rate and the
resting end-diastolic volume index were also of prognos-
tic importance. Imaging with the Tc-99m-labeled perfu-
sion agents permits additional evaluation of rest and
stress ejection fraction and left ventricular volume,
potentially augmenting the prognostic power of perfusion
imaging with the Tc-99m-labeled perfusion agents over
that of T1-201 imaging.

Preoperative Risk Assessment

Dipyridamole stress T1-201 imaging is helpful in the
determination of whether a patient will tolerate periph-
eral vascular surgery.19 Pharmacologic stress is usually
used because the patients often cannot exercise. In these
patients there is a high incidence of CAD.1%9 The benefit
of preoperative screening with T1-201 scintigraphy has
been confirmed by many investigators.85 T1-201 redistri-
bution is the best predictor of cardiac events in patients
who are undergoing vascular surgery. Dipyridamole TI-
201 scintigraphy is most helpful in patients who are con-
sidered at intermediate risk based on clinical assess-
ment.!10 Using dipyridamole T1-201 scintigraphy for
preoperative screening in patients scheduled for elective
vascular surgery, only one study found no association
between T1-201 redistribution evidence of ischemia and
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adverse cardiac outcome.!!l The patients were at rela-
tively low risk, and the number of cardiac events (ie,
death, recurrent infarction) was quite small. In light of
the other data supporting the role of dipyridamole stress
T1-201 scintigraphy for preoperative risk stratification,
T1-201 scintigraphy should be used to screen patients
who are undergoing vascular surgical procedures.

Because Tc-99m perfusion agents are comparable to
T1-201 for detection of CAD and myocardial infarction,
these tracers should provide similar prognostic informa-
tion in patients who are undergoing preoperative screen-
ing for vascular surgery.!09:110 The assessment of lung
uptake remains a major prognostic advantage of T1-201
imaging over the Tc-99m-labeled agents in the determi-
nation of cardiac risk,% although analysis of left ventric-
ular dilatation and ejection fraction with Tc-99m-labeled
perfusion agents may offset this advantage.

Treatment and Prognosis in Acute
Myocardial Infarction

T1-201 perfusion imaging and radionuclide assess-
ment of left ventricular function have played important
roles in the care of patients with acute myocardial infarc-
tion.88.112.113 At present, information about myocardial
perfusion and function can be derived simultaneously
with Tc-99m-labeled perfusion agents. In addition, Tc-
99m-labeled perfusion agents may provide an index of
the amount of myocardium at risk. When treatment
modalities directed at reducing infarct size are evaluated,
the true area at risk must be determined. Experimental
studies have demonstrated that the risk area can be accu-
rately assessed with tomographic Tc-99m sestamibi
imaging.22.114 Assessment of the myocardial area at risk
with quantitative planar and SPECT Tc-99m sestamibi
imaging is feasible in patients.!15-117 Because Tc-99m
tetrofosmin demonstrates no redistribution, this perfusion
agent may be even more useful than Tc-99m sestamibi
for the determination of myocardium at risk after
myocardial infarction.

Measurement of left ventricular function provides
important prognostic information after myocardial infarc-
tion because the extent of myocardial injury is reflected in
global left ventricular function.!12:118 The assessment of
left ventricular function after myocardial infarction has
proved useful in patients both before and after the advent
of thrombolytic therapy.!!9 Quantitative information
about regional and global left ventricular function can
now be obtained in conjunction with Tc-99m-labeled per-
fusion imaging by performance of either first-pass blood
pool studies or ECG-gated SPECT myocardial analysis.

The presence and extent of reversible T1-201 defects,
increased lung uptake, and exercise-induced left ventric-
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Figure 4. Early after myocardial infarction (MI) patients were ran-
domized to dipyridamole (DP) plus submaximal exercise (EX) Tc-
99m sestamibi or submaximal exercise Tc-99m sestamibi SPECT
imaging. Annual cardiac death or recurrent myocardial infarction
rate as a function of summed stress score (SSS), summed difference
score (SDS), and summed rest score (SRS) is shown for dipyri-
damole and exercise Tc-99m sestamibi SPECT imaging. Event rate
after myocardial infarction increased as Tc-99m sestamibi defect
scores increased. The ability to predict cardiac events was better for
dipyridamole Tc-99m sestamibi SPECT than for exercise studies.
All event rates were derived from risk-adjusted Cox survival
curves. The predictive value of predischarge Tc-99m sestamibi
SPECT was similar to that previously reported for SPECT TI1-201.
Open bars, Low; gray bars, intermediate; filled bars, high.
(Adapted from Brown et al. Circulation 1999;100:2060-6.
Reprinted with permission from Lippincott Williams & Wilkins.
Copyright © 1999.)

ular dilatation are predictors of cardiac events. Submaximal
exercise T1-201 scintigraphy is of prognostic value after
myocardial infarction.88 In patients with uncomplicated
myocardial infarction, scintigraphic evidence of ischemia
better predicted cardiac events than electrocardiographic
ST-segment depression, angina, or extent of angiographic
disease.88 The prognostic value of T1-201 scintigraphy
after myocardial infarction has been confirmed by stud-
ies using both exercise!20.121 and pharmacologic
stress.93:113 A stepwise logistic regression analysis indi-
cated that resting T1-201 defect score was a better pre-
dictor of death than ejection fraction, although ejection
fraction did provide additional prognostic informa-
tion.122

T1-201 imaging has limitations in the evaluation of
patients after thrombolysis. TI-201 imaging cannot dis-
tinguish between infarcted myocardium and hibernating
myocardium, both of which may be present early after
acute coronary reperfusion.!23 After thrombolysis normal
T1-201 myocardial perfusion images indicate successful
reperfusion and myocardial viability. On the other hand,
a T1-201 perfusion defect may represent (1) myocardial
infarction with an occluded artery, (2) myocardial infarc-
tion with reperfusion occurring too late for myocardial
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salvage, or (3) persistent low myocardial blood flow
through a critically stenosed artery with persistent viabil-
ity (hibernating myocardium). The use of 24-hour
delayed imaging!24 or resting reinjection of T1-201125
has been proposed to detect hibernating myocardium and
better define myocardial viability.

After thrombolytic therapy, predischarge T1-201
studies at a low level of exercise provide less reliable
prognostic information than that obtained in patients who
have not had thrombolytic therapy.!26 This may be the
result of plaque instability within the reperfused coronary
artery without residual critical stenosis. In a study of 101
patients treated with early thrombolysis who had at least
70% residual stenosis, T1-201 scintigraphy failed to
detect ischemia in 49% of the patients.!27 In this popula-
tion the absence of ischemia on a predischarge T1-201
stress test was associated with more extensive necrosis
and higher peak creatine kinase levels, suggesting mini-
mal salvage despite early reperfusion.

Exercise or pharmacologic Tc-99m sestamibi perfu-
sion imaging has become a widely used alternative to
T1-201 imaging for risk stratification in patients after
myocardial infarction. Travin et al!2® demonstrated that
the extent of ischemia in exercise Tc-99m sestamibi per-
fusion imaging after infarction was an important predic-
tor of cardiac events. More recently, pharmacologic
vasodilatation has been used early after infarction for risk
stratification of patients with myocardial infarction. A
large multicenter study used dipyridamole Tc-99m ses-
tamibi 2 to 4 days after myocardial infarction for early
risk stratification of patients with acute myocardial
infarction.!29 The extent and severity of defect reversibil-
ity had significant incremental prognostic value over
clinical and stress variables for prediction of in-hospital
events and events after discharge (Figure 4).

The prognostic value of ejection fraction after infarc-
tion is well established in patients with and without coro-
nary reperfusion or revascularization. Imaging with
Tc-99m-labeled agents offers a unique opportunity to
assess both perfusion and function simultaneously. The
incremental prognostic value of the additional functional
assessment in these patients still needs to be proved.

Assessment of Myocardial Viability

Regional TI-201 activity after resting injection,
imaged early and after redistribution, reflects viable
myocardium and can predict improved regional and global
ventricular function after revascularization.!24.130-132 Several
clinical studies have compared Tc-99m sestamibi with
T1-201 for assessment of myocardial viability. Some of
these studies suggest that both agents are fairly compara-
ble for identification of myocardial viability,33:36.133
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whereas others have suggested that Tc-99m sestamibi may
underestimate myocardial viability.!34.135 Identification of
reversible and viable myocardium can be greatly
enhanced with Tc-99m sestamibi if an additional redistri-
bution image is acquired after the rest Tc-99m sestamibi
injection or if the severity of reduction in Tc-99m ses-
tamibi activity within irreversible defects is considered.35
Resting Tc-99m sestamibi redistribution frequently
occurs in patients with chronic CAD.35:36 Acquisition of
Tc-99m sestamibi redistribution images enhances detec-
tion of viable myocardium and predicts functional recov-
ery after revascularization.35.36

Dilsizian et al3> studied 54 patients with chronic
CAD with a mean ejection fraction of 34% =+ 14%, using
stress/redistribution/reinjection T1-201 tomography.
These patients underwent same-day rest/stress Tc-99m
sestamibi imaging with the same exercise protocol within
5 days of the T1-201 imaging. The concordance regarding
reversibility of myocardial defects between TI1-201
stress/redistribution/reinjection and same day rest/stress
Tc-99m sestamibi studies was 75%. When an additional
4-hour redistribution image was acquired in 18 patients
after the injection of Tc-99m sestamibi at rest, 6 of 16
discordant irreversible regions (38%) on the rest/stress
Tc-99m sestamibi study became reversible, thereby
increasing the concordance between T1-201 and Tc-99m
sestamibi studies to 82%.

Maurea et al3¢ examined 31 patients with proven
CAD and left ventricular dysfunction (ejection fraction
39% + 9%), using resting Tc-99m sestamibi tomography
with initial imaging (1 hour after injection) and de-
layed imaging (5 hours after injection). Within 1 week
of Tc-99m sestamibi imaging, all patients underwent
rest-distribution T1-201 imaging. Twenty-four percent of
segments with a severe reduction of tracer uptake demon-
strated increased relative tracer activity on delayed
images (from 43% + 8% to 60% + 8%, P < .001) and
were considered to demonstrate Tc-99m sestamibi redis-
tribution. In the 8 patients studied before and after revas-
cularization, 83% of segments with Tc-99m sestamibi
redistribution and abnormal left ventricular function
showed functional recovery after revascularization,
whereas 96% of segments without Tc-99m sestamibi
redistribution did not show functional recovery.

In an earlier study by Maurea et al,!36 planar rest
and 4-hour delayed redistribution T1-201 uptake and
resting planar Tc-99m sestamibi uptake (1 hour after
injection) were compared in 29 men with angiographi-
cally proven CAD and regional ventricular dysfunction
(left ventricular ejection fraction, 35% + 9%). In this
study regions were separated on the basis of severity of
regional dysfunction as determined by equilibrium
radionuclide ventriculography. Myocardial Tc-99m ses-
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Figure 5. Scatterplot showing correlation of quantitative regional
activities of T1-201 (after redistribution) and Tc-99m sestamibi
among segments with significant regional dysfunction in patients
undergoing revascularization. Open symbols represent those seg-
ments with improved regional function (reversible dysfunction)
after revascularization; filled symbols represent segments with irre-
versible ventricular dysfunction. Quantitative T1-201 imaging and
Tc-99m sestamibi SPECT imaging were comparable for prediction
of functional recovery in patients who underwent coronary revas-
cularization. (Adapted from Udelson et al. Circulation 1994;
89:2552-61. Reprinted with permission from Lippincott Williams
& Wilkins. Copyright © 1994.)

tamibi activity was comparable to early and delayed TI-
201 activity in segments with normal or mildly
depressed function; however, myocardial Tc-99m ses-
tamibi activity was lower than T1-201 activity in regions
with akinesis or dyskinesis.

Altehoefer et all35 compared Tc-99m sestamibi
uptake at rest with the presence or absence of fluorine 18
deoxyglucose (FDG) uptake as assessed with positron
emission tomography (PET) in 111 consecutive patients.
Only 5% to 11% of segments with severely reduced
Tc-99m sestamibi uptake at rest (<30% of peak activity)
were viable, and 80% to 84% were nonviable based on
PET FDG uptake. Myocardial segments with a moderate
to severe reduction in Tc-99m sestamibi uptake at rest
(31%-70% of peak) were generally viable, although the
segmental correlation of relative uptake of Tc-99m
sestamibi and FDG was only fair (n = 1443, r = 0.61,
P <.001). Thus, in patients with CAD, Tc-99m sestamibi
uptake suggests myocardial viability, although the uptake
may underestimate myocardial viability in comparison
with FDG PET in segments with moderately reduced
Tc-99m sestamibi activity.

Udelson et all33 compared both qualitative and
quantitative analyses of rest and redistribution T1-201
activity and Tc-99m sestamibi activity 1 hour after rest
injection in 31 patients with CAD and left ventricular



494 Kailasnath and Sinusas
T1-201 versus Tc-99m-labeled myocardial perfusion agents

dysfunction. There was high concordance (87%) between
regional T1-201 activity on delayed redistribution images
and regional sestamibi activity by both semiquantitative
visual analysis and quantitative analysis. A subset of
patients (n = 18) had follow-up echocardiography after
revascularization. T1-201 and Tc-99m sestamibi demon-
strated similar positive predictive values (T1-201, 75%;
Tc-99m sestamibi, 80%) and negative predictive values
(T1-201, 92%; Tc-99m sestamibi, 96%) for recovery of
regional ventricular dysfunction after revascularization
(Figure 5). Thus quantitative analysis of Tc-99m ses-
tamibi SPECT images can differentiate viable from non-
viable myocardium and can predict reversibility of sig-
nificant regional wall motion abnormalities after
revascularization with results comparable to those
obtained with T1-201.

Kauffman et al!37 prospectively compared resting
myocardial uptake of T1-201 (early and 3-hour delayed
images) with rest Tc-99m sestamibi uptake (1 hour after
injection) in the same patients, using quantitative SPECT
imaging. Tc-99m sestamibi uptake was not significantly
different than uptake for delayed TI-201 images, but was
significantly greater than initial T1-201 uptake in patients
with both mild and severe TI-201 redistribution.!37 The
concordance rate between Tc-99m sestamibi uptake and
delayed TI-201 uptake was 88% (k = 0.66),137 thereby
confirming the early finding of Udelson et al.133 Tc-99m
sestamibi ECG-gated SPECT myocardial perfusion
imaging at rest allows assessment of both perfusion and
wall motion, which significantly improves the sensitivity
and overall accuracy for determination of viability in
comparison with perfusion alone.!38

Tc-99m tetrofosmin imaging may also be useful for
assessment of myocardial viability,!39-141 providing
results comparable to rest T1-201 imaging. The sensitiv-
ity of rest Tc-99m tetrofosmin imaging for assessment of
myocardial viability may be improved with quantitative
analysis of defect severity!39:141 or administration of
nitroglycerin. 140

Early clinical studies demonstrate the presence of
marked myocardial redistribution of Tc-99m N-NOET
similar to that of T1-201.72 Therefore Tc-99m N-NOET
may also be useful for identification of viable dysfunc-
tional regions with resting ischemia.

CONCLUSION

The Tc-99m-labeled perfusion agents appear com-
parable to T1-201 for detection of CAD and may offer an
advantage in obese patients with excessive attenuation as
a result of the improved image quality of these agents. An
important advantage that the Tc-99m-labeled perfusion
agents offer is the ability to obtain quantitative informa-
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tion about regional and global myocardial function in
conjunction with information about perfusion. There may
be a slight disadvantage of Tc-99m sestamibi or Tc-99m
tetrofosmin for detection of subcritical disease, particu-
larly with pharmacologic stress. The Tc-99m-labeled
perfusion agents also seem to provide comparable prog-
nostic information and may offer some clear advantages
over T1-201 in the setting of acute myocardial infarction.
In the future the neutral Tc-99m-labeled agents may
permit a more quantitative assessment of regional
myocardial flow, although application of these agents
will probably require dynamic imaging. Each of the
Tc-99m-labeled perfusion agents has unique properties,
which need to be considered for the optimization of
imaging protocols and clinical application.
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