EDITORIAL

Thallium-201 and Technetium-99m-Sestamibi for Assessing

Viable Myocardium

n the current era of thrombolytic

therapy and interventional cardiol-
ogy, the identification of viable myo-
cardium in patients with coronary ar-
tery disease (CAD) and left ventricular
dysfunction has emerged as a subject
of intense clinical interest. In a large
subset of patients with CAD, includ-
ing those presenting with acute is-
chemic syndromes and those with
chronic CAD, left ventricular per-
formance may be impaired on the
basis of regionally ischemic, stunned
or hibernating mycocardium rather
than myocardium that has been irre-
versibly damaged by recent or remote
myocardial infarction (/-5). The abil-
ity to distinguish such viable from
nonviable tissue in myocardial seg-
ments with severe disturbances in
systolic wall motion has important
management implications, since this
differentiation would identify those
high-risk patients in whom further
invasive diagnostic procedures and
therapeutic interventions would be
warranted.

Among the available invasive and
noninvasive modalities, nuclear car-
diology techniques have achieved a
preeminent position for the assess-
ment of myocardial viability. This
arises from the rather unique potential
of scintigraphic methods to assess
myocardial perfusion, cell membrane
integrity and metabolic activity,
thereby providing greater diagnostic
precision regarding viability than can
be achieved by assessment of regional
anatomy or function alone. In partic-
ular, 'Tl scintigraphy has evolved
over the past decade and a half as an
imaging modality that may be imple-
mented not only in diagnosing CAD
but also in assessing myocardial via-
bility in patients with proven CAD.
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Since the myocardial uptake of %'Tl
is dependent both upon adequate per-
fusion to deliver the tracer and active
transport of the tracer across an intact
sarcolemma, thallium is superbly
suited for determining tissue viability.
On the other hand, the limitations of
imaging °'T1 are also well established,
related primarily to its low-energy
photons which are readily scattered
and attenuated. These limitations
have lead to considerable interest in
the use of *™Tc-based perfusion
agents.

Like %'Tl, %™Tc-sestamibi and
9mTc-teboroxime are taken up by the
myocardium in proportion to regional
myocardial blood flow, and the avail-
able data indicate that the accuracy of
both *™Tc-sestamibi and *™Tc-tebo-
roxime in detecting CAD is equivalent
to that of 2°'Tl (6,7). However, there
are only limited data regarding the use
of either *Tc-based agent for the
detection of viable myocardium in pa-
tients with known CAD and left ven-
tricular dysfunction. Technetium-
99m-teboroxime demonstrates rapid
washout from the myocardium (6,7)
and the rate of regional washout ap-
pears to be directly related to regional
myocardial blood flow (8-10). This
suggests that *™Tc-teboroxime might
be an interesting agent for the inves-
tigation of myocardial viability, but
clinical data for this agent are scant
and only preliminary data are avail-
able in humans (/1).

More substantive data have been
published for *™Tc-sestamibi. Al-
though *™Tc-sestamibi exhibits only
limited washout from normal or tran-
siently ischemic myocardium (6,7),
several investigators have demon-
strated that the accumulation and re-
tention of *™Tc-sestamibi in isolated
perfused rat hearts or in occlusion-
reperfusion models of acute ischemia
in vivo is reduced in necrotic myocar-
dium, even when coronary perfusion

has been maintained or restored (/2-
15). These data, indicating that *™Tc-
sestamibi is more than merely a per-
fusion marker but is also a marker of
cellular viability, have fueled substan-
tial interest and optimism in the use
of this agent for assessing myocardial
viability in patients with CAD (16,
17). However, in a recent issue of the
Journal, Cuocolo et al. (/18) demon-
strate that the uptake of *™Tc-sesta-
mibi at rest may significantly under-
estimate the frequency and magnitude
of viable myocardium in patients with
chronic CAD and left ventricular dys-
function, suggesting the possibility of
important limitations in the clinical
application of this agent to address
viability in humans. The findings of
Cuocolo et al. imply that exercise thal-
lium imaging using a redistribution-
reinjection protocol may provide via-
bility information that is superior to
that provided by **™Tc-sestamibi (18).

The apparently discordant results
of Cuocolo et al. in patients (/8) and
those of a number of other investiga-
tors in animal models (/2-15) can be
reconciled by examining the different
mechanisms in CAD by which re-
gional left ventricular function may
be impaired in the absence of irrevers-
ible myocardial damage. Although
“viability” is often used loosely to de-
scribe this situation, two distinct
pathophysiologic processes (myocar-
dial stunning and myocardial hiber-
nation) may lead to the end-product
of dysfunctional but viable myocar-
dium. In both, the myocardial dys-
function is a potentially reversible
process.

STUNNED MYOCARDIUM

Myocardial stunning results from
severe acute ischemia followed by re-
perfusion, and the regional ventricular
dysfunction associated with stunning
represents the combined results of is-
chemic injury and reperfusion injury
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(2,5). The common clinical setting in
which stunned myocardium is ob-
served is thrombolytic therapy or
acute revascularization therapy for
acute myocardial infarction. By defi-
nition, the myocardial dysfunction as-
sociated with stunning is completely
reversible but may persist for days or
weeks after reperfusion before resolv-
ing. Because coronary flow has been
restored despite persistent myocardial
dysfunction, stunned myocardium
represents a flow-contraction “mis-
match” (5). Although the mecha-
nisms for myocardial stunning have
not been fully determined, this is a
well-demonstrated and reproducible
phenomenon with excellent animal
models.

On the basis of such animal models,
one would anticipate that, in the set-
ting of stunned myocardium, *™Tc-
sestamibi would perform well as a
viability marker, because flow is
restored and sarcolemmal and mito-
chondrial processes necessary for cell
viability (and for uptake and retention
of ®™Tc-sestamibi) are intact. Viable,
but stunned, myocardium will retain
9mTc-sestamibi similar to the reten-
tion of 2°'Tl (/3). In contrast *™Tc-
sestamibi is not retained by necrotic
myocardium, despite its delivery and
initial uptake (/2-15). Li et al. dem-
onstrated that the retention of *™Tc-
sestamibi parallels indexes of viability
(such as deoxyglucose uptake and his-
tochemical staining) rather than myo-
cardial blood flow (/3). In keeping
with the overall experience in animal
models, clinical investigation has
shown that *™Tc-sestamibi activity in
patients within the first week after
thrombolytic therapy for acute myo-
cardial infarction is significantly re-
lated to late ejection fraction measure-
ments (19,20).

HIBERNATING MYOCARDIUM

In contrast to stunned myocar-
dium, in which contractile dysfunc-
tion persists despite restoration of
flow, the term “hibernating” myocar-
dium describes the regional ventricu-
lar dysfunction resulting from chronic
reduction in coronary flow (1,3,4).
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Thus, hibernation represents a
“match” between reduced perfusion
and reduced contraction (21). As with
stunned myocardium, the myocardial
dysfunction associated with hiberna-
tion is a reversible phenomenon and
will resolve after restoration of myo-
cardial perfusion. The detection of
such reversibly dysfunctional myocar-
dium in patients with chronic CAD is
clinically relevant, since ventricular
function has the potential to improve,
at times substantially, after revascu-
larization procedures (22-24). Be-
cause the patients studied by Cuocolo
et al. had chronic left ventricular dys-
function (18), the issue addressed in
this study is the ability of 2°'T1 versus
9mTc-sestamibi to distinguish hiber-
nating from fibrotic myocardium.
Thallium-201 imaging has the po-
tential to accurately make this distinc-
tion. Because flow is reduced in the
hibernating state, the injection of
20'T] at rest would be expected to dem-
onstrate an initial perfusion defect;
however, late imaging will show redis-
tribution in the majority of viable ter-
ritories (25-29). Exercise-thallium
scintigraphy may also provide impor-
tant information in this regard, al-
though many regions of hibernating
myocardium appear to have irrevers-
ible thallium defects on redistribution
images. It has been shown that
roughly 50% of regions with “irrevers-
ible” thallium defects will improve in
function after revascularization (30-
32). Thus, standard exercise-redistri-
bution thallium scintigraphy may not
provide satisfactory precision in dif-
ferentiating between infarcted versus
hibernating myocardium. These re-
sults may be improved upon consid-
erably by thallium reinjection tech-
niques, which demonstrate enhanced
201T] activity in up to 50% of regions
with irreversible defects on redistri-
bution images (33-38), an experience
confirmed in the current study by
Cuocolo et al. (18). We have recently
shown that thallium reinjection after
exercise-redistribution imaging pro-
vides data comparable to rest-redistri-
bution imaging in patients with
chronic ventricular dysfunction (29).

That thallium reinjection methods
are useful for assessing myocardial vi-
ability is substantiated by their high
positive and negative predictive accur-
acies regarding improvement in re-
gional ventricular function after re-
vascularization (33,36). Moreover,
the results of thallium reinjection pro-
vide viability information that is con-
cordant with the presence or absence
of preserved metabolic activity by
PET in the majority of myocardial
regions so studied (29,39,40). It
should be noted that the number of
patients included in such comparative
studies to date is relatively small, and
definitive conclusions regarding the
comparative abilities of 2°'T1 and PET
imaging to characterize viable myo-
cardium must await larger trials. In
view of the improved imaging capa-
bilities of PET, one would anticipate
enhanced diagnostic information in at
least a subset of patients.

In view of chronic hypoperfusion
associated with hibernation, there are
theoretical limitations in the use of
9mTc-sestamibi to identify viable
myocardium in patients with chronic
CAD. Resting ®™Tc-sestamibi images
would be expected to demonstrate a
perfusion defect, but whether the un-
derperfused myocardium is viable or
not may be difficult to decipher. The
experience with PET would forecast
that coronary flow data alone would
not accurately distinguish between vi-
able and nonviable myocardium (47).
Without additional redistribution
data, the initial ®™Tc-sestamibi defect
alone may provide insufficient infor-
mation. This hypothesis appears to be
confirmed by the current findings of
Cuocolo et al. (18), in which a large
number (approximately 60%) of myo-
cardial regions identified as viable by
thallium reinjection were categorized
as “nonviable” by a resting *™Tc-ses-
tamibi image.

These data suggest that *™Tc-ses-
tamibi may have promise as a viability
marker in the setting of stunned myo-
cardium after reperfusion therapy for
acute myocardial infarction, but has
inherent limitations in the setting of
hibernating myocardium with sus-
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tained reduction in myocardial blood
flow. It is important to point out,
however, that this conclusion must be
considered tentative at present, be-
cause the available data are limited.
First, Cuocolo et al. studied only 20
patients (/8) and a larger patient se-
ries is required to confirm these re-
sults. Second, the accepted gold stand-
ard for myocardial viability—im-
proved regional or global ventricular
function after revascularization—was
not evaluated, although thallium rein-
jection results (as noted above) have
provided clinically acceptable predic-
tive accuracies in other studies (33,
36). Third, the *™Tc-sestamibi data
were assessed using strictly qualita-
tive, visual scoring methods. Quanti-
tative count-based analyses might
yield threshold values of regional
#mTc-sestamibi activity that would
provide greater accuracy in assessing
viability. This has been the experience
of other investigators (42). Finally,
there is evidence that *™Tc-sestamibi
does redistribute in some regions with
transient ischemia (43), and prelimi-
nary data in an animal model of sus-
tained low-flow ischemia suggest that
9mTc-sestamibi may redistribute in a
manner comparable to 'T1 (44,45).
This possibility needs to be explored
in patients with chronic CAD and left
ventricular dysfunction before firm
conclusions can be made regarding
the inability of ™ Tc-sestamibi to ac-
curately detect hibernating myocar-
dium. Thus, we believe that the use of
#mTc-sestamibi for assessing viable
myocardium remains an open issue
that should lead to further interesting
and exciting investigation in the fu-
ture.

Robert O. Bonow

Vasken Dilsizian

Cardiology Branch

National Heart, Lung, and Blood
Institute

Bethesda, Maryland
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SELF-STUDY TEST ANSWERS

the joints of one hand and wrist, while sparing the opposite hand. Fur-
thermore, the blood-pool image will demonstrate selectively greater
hyperemia in the joint synovia, which is not seen in this patient.

Pseudogout or CPPD crystal deposition disease is predominantly an
ailment of the large joints, such as the knee, usually afflicting one joint
initially and rarely the interphalangeal joints. Blood-pool imaging will
demonstrate the inflamed synovial vasculature, as in rheumatoid arthritis.

An arteriovenous fistula will lead to short-circuiting of the blood supp-
ly to the tissues distal to it, and would not cause the scintigraphic fin-
dings seen in this patient. The diffuse hyperperfusion and hyperemia
of the entire hand is inconsistent with this diagnosis.
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ITEM 6: Scintigraphic Findings with Recent Fractures

ANSWER: E

Significant accumulation of 111In leukocytes at the site of a healing frac-
ture does not occur unless there is a complicating osteomyelitis. Mildly
increased uptake of 11'in leukocytes has been reported to occur in
association with callus formation or adjacent myositis ossificans. On bone
scintigraphy, hyperperfusion, hyperemia, and marked uptake of #mTc
MDP on delayed images are typical with recent fracture. The accumula-
tion of 67Ga at new fracture sites is usually increased as well. The relative
uptake of 67Ga in the lesion can be as great as that of 99mTc MDP, and
either congruent in distribution or less extensive. This seems to be a func-
tion of the amount of callus laid down.
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