
INVITED COMMENTARY

Sequential Strategy Using Multimodality
Viability Tests: Does It Work?

In this issue of The Journal of Nu-
clear Medicine, Bax et al. (1) have
introduced the concept of using se-
quential imaging with rest-redistribu-
tion 201Tl imaging and low-dose dobut-
amine echocardiography as a clue to
the management of coronary artery
disease and left ventricular dysfunc-
tion. In their study, 201Tl imaging alone
had a high sensitivity of 84% and a
relatively low specificity of 63% for
predicting a left ventricular ejection
fraction (LVEF) improvement of
�5%, whereas dobutamine echocardi-
ography was less sensitive (63%) but
more specific (85%) than 201Tl. More
important is that sequential use of
these 2 viability tests, compared with
either alone, significantly improved the
accuracy of predicting functional re-
covery after revascularization in a sub-
set of patients with an intermediate
likelihood of viability, suggesting that
the tests may be complementary.

Despite recent advances in therapeu-
tic options, heart failure caused by cor-
onary artery disease is still one of the
leading causes of mortality and mor-
bidity in many countries. Therefore,
noninvasive assessment of myocardial
viability continues to represent an im-
portant issue in heart failure patients
for whom coronary revascularization is
under consideration. Viable myocar-
dium is most likely to benefit from
revascularization, whereas scar tissue
is unlikely to show functional recov-
ery. Nuclear imaging techniques such
as 201Tl scintigraphy (either a rest-re-

distribution protocol (2) or a reinjec-
tion protocol (3)) and metabolic imag-
ing using PET (4,5) have long played a
major role in the identification of such
dysfunctional but viable myocardium.
More recently, other imaging tech-
niques have been introduced for clini-
cal use as promising viability tests.
These include low-dose dobutamine
echocardiography (6) or MRI (7) to
assess contractile reserve and contrast
MRI to assess delayed hyperenhance-
ment as a marker of scar tissue (8). In
particular, dobutamine echocardiogra-
phy has emerged as a competitor of
nuclear imaging and has gained wide
clinical acceptance because of easy ac-
cessibility for patients and physicians.
To date, several reports have compared
nuclear imaging and dobutamine echo-
cardiography for the detection of via-
ble myocardium (6,9–11). The clinical
experience from these studies sug-
gested that 201Tl imaging is highly
sensitive but only modestly specific for
the prediction of functional recovery,
whereas dobutamine echocardiogra-
phy is less sensitive but more specific
than 201Tl. Bax et al. (1) have again
confirmed this experience. Thus, nei-
ther 201Tl nor dobutamine echocardiog-
raphy may be optimal at present.
Under most circumstances, nuclear im-
aging and echocardiographic proce-
dures are performed by different
physicians of different medical back-
grounds. Perhaps for this reason, nu-
clear imaging and echocardiography
are often considered to be competitive
rather than complementary diagnostic
modalities. The sequential use of nu-
clear imaging techniques proposed by
Bax et al. may be more appropriate and
of importance to referring physicians
and nuclear medicine communities.

How the sequential strategy en-
hances diagnostic accuracy deserves

consideration. Perhaps, the combina-
tion of highly sensitive 201Tl and
highly specific dobutamine echocardi-
ography is a key factor in the improved
overall accuracy. Conversely, a com-
bination of diagnostic tests with simi-
lar trends for sensitivity and specificity
will not work in this manner. For ex-
ample, the combination of 201Tl and
99mTc-sestamibi or 99mTc-tetrofosmin
imaging, all of which are reportedly
highly sensitive but modestly specific
in predicting functional recovery (12,
13), is unlikely to improve overall ac-
curacy compared with 201Tl or 99mTc
flow tracer alone. Thus, determining
which viability tests are to be used in
sequence is essential to improving ac-
curacy.

Several other issues warrant atten-
tion. First, as Bax et al. (1) nicely
showed in their article, they analyzed
receiver operating characteristic curves
to determine how many viable seg-
ments were required for a �5% LVEF
improvement after surgical revascular-
ization. On a regional basis, however,
a viable segment on 201Tl imaging was
defined as having a 201Tl uptake �
50% of that in the reference region.
Although the 50% cutoff to define vi-
able segments with 201Tl imaging has
often been used in published studies
(2,6), whether this cutoff is optimal to
distinguish viable from nonviable seg-
ments is still uncertain. In fact, several
reports have suggested that the optimal
threshold for viability on 201Tl imaging
may be somewhat higher than 50%
(12,13). In a recent study by Pace et al.
(14), the use of a higher cutoff (65% of
peak activity) to define viability with
201Tl, compared with dobutamine echo-
cardiography, resulted in a higher sensi-
tivity and a trend toward higher specific-
ity for the prediction of LVEF
improvement. It is conceivable, there-
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fore, that the use of a 50% cutoff might,
at least partially, have been responsible
for the relatively low specificity for
LVEF improvement observed by Bax et
al. for 201Tl.

Second, as mentioned in the article
(1), functional recovery may not have
been completed within the observation
period for some patients, possibly con-
tributing to the relatively low specific-
ity for predicting functional improve-
ment with 201Tl imaging. Chronically
dysfunctional but viable myocardium
may represent hibernation (15), inter-
mittent stunning (16), or both. Hiber-
nating myocardium represents im-
paired contractile function coupled
with reduced perfusion at rest that re-
covers after restoration of blood flow.
Stunning, on the other hand, represents
impaired contractile function that per-
sists after an ischemic episode despite
restoration of blood flow. Differentiat-
ing between these states is complex
because they may often coexist clini-
cally. Prior studies by Bax et al. (17)
and others (18) have suggested that
stunned myocardium is likely to show
early functional recovery after revas-
cularization, whereas hibernating myo-
cardium may take longer to recover.
Also noteworthy is that contractile re-
serve to dobutamine infusion is more
common in normally perfused (stunned)
myocardium than in hypoperfused yet
viable (hibernating) myocardium (19).
In addition, the timing of revascular-
ization after the onset of hibernation
may influence the degree of recovery
after cardiac surgery, because progres-
sive cellular degeneration in hibernat-
ing myocardium may reduce the
chance for complete structural and
functional recovery after restoration of
blood flow (20). These factors need to
be considered when one is interpreting
the results.

Third, the choice of endpoint is al-
most always an issue in viability stud-
ies. Studies in the literature have used
many endpoints for viability tests, in-
cluding myocardial 18F-FDG uptake on
PET (7), histologic examination of bi-
opsy samples at cardiac surgery (21),
regional functional recovery (2,3,12,
13), global improvement of left ven-

tricular function (as in the study of Bax
et al. (1)), improvement of symptoms
(22), and improvement of survival
(23). What is the optimal endpoint for
such viability studies? From a patho-
physiologic point of view, biologic
signals by PET or histologic findings
from biopsy certainly provide impor-
tant insight into viability at the cellular
or molecular level. Regional or global
functional recovery after restoration of
blood flow is also relevant because of
the direct association with the defini-
tion of stunned or hibernating myocar-
dium. From a clinical standpoint, im-
proved survival and symptoms after
revascularization would be the optimal
endpoint of a viability test, because
these are the main goals of revascular-
ization procedures. In this regard, more
clinical studies with prognostic data
are needed before the sequential con-
cept proposed by Bax et al. is trans-
ferred to clinical decision making.
However, such prognostic information
is not always available, because some
patients may drop out during follow-
up. Furthermore, improvement of symp-
toms is sometimes difficult to measure
objectively. As an alternative, the use of
global improvement of left ventricular
function as an endpoint by Bax et al. was
of worth because of the likely associa-
tion with improved prognosis.

Fourth, Bax et al. (1) stated that the
choice of which test is to be used first
in the sequence can be determined
through local expertise and experience,
because the order of testing does not
alter the overall accuracy. Perhaps, in
the current era of Medicare- or Medi-
care-like systems in many countries,
the choice should be determined in
light of the cost-effectiveness of a test.
The sequence, although confined to pa-
tients with an intermediate likelihood
of tissue viability, is obviously more
expensive than 201Tl or echocardiogra-
phy alone. The question is therefore
whether the additional cost, which may
differ from country to country depend-
ing on its medical economics, is offset
by the improved accuracy of the se-
quence. An additional consideration is
the prevalence of patients who are
not eligible for echocardiographic

examination because of a poor acous-
tic window.

Finally, although both 201Tl imaging
and dobutamine echocardiography are
established and widely used viability
tests, they warrant further attention be-
cause of recent technical advances.
Promising results have been reported
for nitrate-enhanced perfusion scintig-
raphy (24), attenuation-corrected SPECT
(25), gated SPECT (26), and 18F-FDG
SPECT (27). In particular, dobutamine
stress gated SPECT using a 99mTc-la-
beled flow tracer provides information
on both perfusion and contractile re-
serve in a single study. In this setting,
dobutamine echocardiography may
add little information on tissue viabil-
ity to that provided by the nuclear tech-
nique (28). On the other hand, intrave-
nously injectable contrast agents to
opacify myocardium and to assess per-
fusion and microvascular integrity are
now available for echocardiography
(29). The combination of myocardial
contrast agents and dobutamine echo-
cardiography may provide information
on both perfusion and contractile re-
serve similar to that obtained by dobut-
amine stress gated SPECT. In addition,
cyclic variation in ultrasonic integrated
backscatter has recently been proposed
as a new echocardiographic marker of
tissue viability (30). Furthermore, con-
trast-enhanced MRI is emerging as an-
other promising tool for viability as-
sessment (31). Thus, whether nuclear
imaging and other diagnostic tech-
niques work competitively or comple-
mentarily will change depending on
future technical advances.

In summary, an ideal diagnostic test
for assessing myocardial viability is
one that is highly accurate, easily ac-
cessible, cost-effective, and convenient
for patients. Although nuclear imaging
has played an important role in cardi-
ology for decades, the goal of finding
the ideal diagnostic test is still unmet.
Techniques such as dobutamine echo-
cardiography have emerged as compet-
itors to nuclear imaging. In view of
these circumstances, the results of Bax
et al. (1) tell us that a sequential strat-
egy using multimodality viability tests
may work in some situations and de-
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serves further prospective trials. With
the advances that have occurred in
both nuclear diagnostic techniques and
other diagnostic techniques, the con-
cept of sequential testing is becoming
increasingly important to the appropri-
ate use of nuclear imaging.
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