REVIEWS
Prognostic value of myocardial perfusion imaging:
State of the art and new developments
K e n n e t h A. B r o w n , M D

Although the prognostic value of myocardial perfusion imaging is now well established,
new data have continued to expand its role in the management of patients. This review
addresses the current state-of-the-art and new developments in the use of myocardial perfusion
imaging for determining cardiac risk and integrating such information into patient care. (J
Nucl Cardiol 1996;3:516-37.)

The prognostic value of myocardial perfusion imaging is now well established. The ability of myocardial
perfusion imaging to distinguish patients at high risk
from those at low risk has become a valuable adjunct for
determining management of patients with coronary artery disease across a wide spectrum of clinical settings.
In 1991 I reviewed the state of the art, describing the
evolution of data that allowed myocardial perfusion
imaging to emerge from a diagnostic to a prognostic
instrument capable of playing an important role in
patient-care decisions. 1 At the time, limitations of the
technique, including the lack of data regarding certain
issues, were discussed. Since then, the field has continued to mature with development of additional data.
Contemporaneously, health care has evolved dramatically, placing increasing emphasis on cost control and
managed care. In this environment, the use of all
technology will see greater scrutiny. The ability of
myocardial perfusion imaging to define risk and thus
identify patients most and least likely to benefit from
additional, more costly procedures will continue to be of
value in this setting. However, close examination of
supportive evidence will be required to justify its use.
Therefore it is of value to review new developments in
the use of myocardial perfusion imaging for risk stratification that have emerged during the past 5 years.

PATIENTS WITH K N O W N O R SUSPECTED
C O R O N A R Y DISEASE
Normal Myocardial Perfusion Imaging
The previous review summarized the outcome of
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sion imaging. 1 Future death or myocardial infarction
averaged less than 1% per year, an event rate that was
similar to that of the general population. Recent data
suggest that the benign prognosis of a normal myocardial perfusion imaging study is maintained even during
a very long follow-up period. Steinberg et al. 2 reported
the outcome of 309 patients with normal stress T12°1
imaging followed up for an average of 10 years. In this
cohort, the annualized cardiac event rate was 0.1%
for cardiac death and 0.6% for nonfatal myocardial
infarction.

Discordance Between Results of Myocardial
Perfusion Imaging and Other Data. Recent data suggest that even in populations of patients with exercise
electrocardiographic (ST segment depression) or angiographic (multivessel disease) markers of poor outcome,
when myocardial perfusion imaging is normal the prognosis continues to be benign. 3-s Fagan et al) reported
that in 70 patients with a positive exercise electrocardiogram but normal exercise study T12°1 results, the
annual cardiac event rate was 0.7%. Even with marked
ST segment depression on exercise electrocardiography,
prognosis is benign when myocardial perfusion imaging
is normal. Among 154 patients with 2 mm or greater ST
segment depression on exercise electrocardiography but
with normal T12°1 imaging, Schalet et al. 4 reported no
death or myocardial infarction during a mean follow-up
of 34 + 17 months. Similarly, in a smaller group of 32
patients with markedly positive stress electrocardiography (>2 mm ST segment depression) but without
reversible T1a°l defects on exercise myocardial perfusion
imaging, no cardiac events were observed during a mean
follow-up of 38 months?
The clinician is faced with a dilemma when myocardial perfusion imaging is normal in patients with
documented angiographic coronary disease. The physician must decide whether myocardial perfusion imaging
is a false-negative study underestimating the cardiac risk
or a true "physiologic negative," indicating that the
angiographic disease is not hemodynamically significant
and the patient remains at low risk for cardiac events.

JOURNAL OF NUCLEAR CARDIOLOGY

Volume 3, Number 6;516-37

Brown and Rowen 6 described a series of 75 patients
with angiographic coronary artery disease (including 36
with multivessel disease) who had normal results of
exercise T12°1 imaging. During a mean 2-year follow-up,
only one cardiac event (cardiac death or nonfatal myocardial infarction) occurred, yielding an annual cardiac
event rate of 0.7%. This was not significantly different
from a contemporaneously collected series of 101 patients with normal exercise T12°1 studies and no coronary
disease based on angiographic data or less than 1%
probability of coronary disease determined from age,
symptoms, and stress electrocardiographic results: two
of 101 patients had cardiac events, for an annual event
of 1.0%. These findings have been confirmed subsequently by Abdel-Farrah et al.,7 who reported a series of
97 patients with angiographic coronary artery disease
(45 with multivessel disease) who had normal exercise
single-photon emission computed tomographic (SPECT)
T12°1 imaging results. During a mean follow up of 32
months, three cardiac deaths or nonfatal myocardial infarctions occurred, yielding an annual cardiac event rate
of 1% per year. Similarly, in a preliminary report, Doat
et al.a described the 5-year mean follow-up of patients
undergoing exercise T12m imaging and coronary angiography. When significant angiographic disease (>70%
stenosis) was present but T12m imaging results were
normal, the annual cardiac death or nonfatal myocardial
infarction rate was 0.7%, which was not different from
that of patients with normal T12°1 study results without
significant angiographic disease (annual event rate of
0.6%). Among patients with angiographic disease who
had ischemia on T12°~ imaging, the annual cardiac death
or myocardial infarction rate was 6.5%. Table 1 summarizes the annual cardiac event rate of patients with
normal myocardial perfusion imaging and significant
angiographic disease based on these studies and smaller
subgroups of patients gleaned from earlier reports. The
annual rate of cardiac death or nonfatal myocardial
infarction remains less than 1% per year, comparable to
the overall event rate in patients with normal study
results described above.
Impact o f Antianginal Medications and Level
Stress. Although previous studies have firmly established that the risk of cardiac events is low in patients
with normal exercise myocardial perfusion imaging,
concern was raised in the previous review ~ that the same
low risk might not be predicted by normal study results
when patients are taking antianginal medications or the
level of exercise achieved is low. In such patients it is
possible that antianginal medication or poor stress could
result in a normal myocardial perfusion imaging study
result that underestimated the extent of coronary disease
and therefore the risk of subsequent cardiac events.
Brown and Rowan 9 recently provided some insight into
this issue, reporting their findings in a cohort of 261
patients with normal exercise T12m study results fol-
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Table 1. O u t c o m e of patients with
angiographic coronary artery disease and normal
myocardial perfusion imaging
Study

n

Brown and Rowen6 75
AdbeI-Farrah et al. 7 97
Doat et al. 8
52
Wahl et al, '~4
8
Pamelia et al)15
22
Younis et al. 18
36
Summary
290

No.
events

Annual cardiac event
rate (%/yr)

1
3
2
0
2
0
8

0.75
1.1
0,7
0
3.2
0
0.9

*Cardiac event = cardiac death or nonfatal myocardial infarction.

lowed up for approximately 2 years. The overall cardiac
death or nonfatal myocardial infarction rate was 1.2%
per year, comparable to previous studies. They found
that antianginal therapy, including ~3-blocker use, and
level of stress (depicted by final Bruce stage or peak
heart rate) did not affect the low risk of patients with
normal T12°1 imaging results (Table 2). Thus this study
suggests that the risk of cardiac death or nonfatal
myocardial infarction is very low in patients with normal exercise myocardial perfusion imaging and the risk
is not affected by concurrent antianginal medications or
the level of stress achieved.
In summary, normal myocardial perfusion imaging
identifies patients who have a very low risk of future
cardiac death or nonfatal myocardial infarction. Recent
data suggest that even when stress electrocardiography
is markedly positive or significant angiographic coronary artery disease is present, prognosis continues to be
benign. This suggests that the hemodynamic significance
of a coronary lesion is more important than anatomic
considerations alone (depicted by coronary angiography)
and that myocardial perfusion imaging is more specific
for cardiac events than stress electrocardiography. Furthermore, low peak stress level and concurrent use of
antianginal medications do not appear to result in an
underestimation of cardiac risk when myocardial perfusion imaging is normal. The important clinical implication of these data remains that a group of patients can be
identified who are at such a low risk of cardiac events
that the expense and risk of further intervention such as
coronary revascularization are not justified because such
intervention is unlikely to improve prognosis.
9 9 m Tc-Labeled Sestamibi Myocardial
Perfusion Imaging

Although previous data have established that the
sensitivity and specificity for detecting coronary artery
disease with 99mTc-labeled sestamibi myocardial perfu-
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Table 2. Annual cardiac death or nonfatal myocardial infarction rate as a function of antianginal therapy

or stress indexes in patients with a normal myocardial perfusion scan

Antianginal therapy
No antianginal therapy
~-Blocker use
No ~-blocker use
Peak HR (% MPHR)
>85
<85
>60
<60
Final Bruce stage
23
<2
_<1

Cardiac death or
nonfatal MI (n)

(%/yr)

p Value

3/133
3/128
2/77
4/184

1.2
1.2
1.4
1.1

NS (>0.6)

4/178
2/83
6/249
(3/12

1.2
1.2
1.3
0

NS (>0.6)

3/152
3/109
0/39

1.0
1.4
0

NS (20.6)

NS (>0.6)

MI, Myocardial infarction; NS, not significant; HR, heart rate; MPHR, maximal predicted heart rate.

sion imaging are comparable to those of T12°~ imaging,
it is important to establish the prognostic value for this
new imaging agent because of the growing use of
myocardial perfusion imaging for risk statification. Recent data suggest that the prognostic value of 99mTclabeled sestamibi myocardial perfusion imaging will in
fact be comparable to that of T12°l.~°-~3Given the similar
sensitivity for the detection of coronary artery disease, it
is not surprising to find that normal 99mTc-labeled sestamibi imaging carries a benign prognosis comparable to
that of normal T12°I imaging. Brown et al. ~° recently
reported the outcome of 234 patients who had undergone exercise or dipyridamole 99mTc-labeled sestamibi
myocardial perfusion imaging. Cardiac death or nonfatal
myocardial infarction occurred in only one patient,
yielding an annualized event rate of 0.5% per year.
Similar to T12m described above, the prognosis remained
benign even among patients who had exercise or dipyridamole-induced ST segment depression. Raiker
et al. ~I have confirmed these observations, demonstrating that only one of 208 patients with normal stress
99mTc-labeled sestamibi myocardial perfusion imaging
had cardiac death or nonfatal myocardial infarction for
an annualized event rate of 0.5%. Stratmann et al. 13 have
reported the prognostic value of 99mTc-labeled sestamibi
myocardial perfusion imaging in a series of 548 patients
with stable angina. 12 By multivariate analysis, myocardial perfusion abnormalities and reversible myocardial
perfusion defects had independent predictive value for
cardiac events. These investigators have also reported
similar findings with dipyridamole 99mTc-labeled sestamibi myocardial imaging. In a cohort of 534 patients with
stable chest pain, an abnormal scan or reversible defects
had the greatest predictive value compared with clinical,

electrocardiographic, or angiographic data. Although
more data are needed to confirm these observations, these
studies suggest that it is likely that risk stratification with
99mTc-labeled sestamibi myocardial perfusion imaging
will be similar to that with T12°1 imaging. It is also likely
that imaging with new Tc99m-labelled agents, such as
tetrofosmin and furifosmin, will also have similar prognostic value, but this awaits additional data.
SPECT I m a g i n g

The studies described in the previous review that
have established the prognostic value of myocardial
perfusion imaging used planar imaging. 1 SPECT imaging would be expected to have at least as good predictive value as planar imaging because of its greater
sensitivity and ability to distinguish coronary artery
territory. A growing body of data appears to confirm this
expectation. In a large series of 1926 patients undergoing stress SPECT T12°1 imaging described by Machecort
et al., TM the extent of initial perfusion defect provided the
best imaging variable for long-term prognosis and added
significant prognostic value to clinical variables and
exercise electrocardiography. In addition, the cardiac
event rate in patients with normal SPECT T12°~ imaging
was 0.4% per year, which is similar to previous planar
studies described above. Furthermore, several other
studies already cited have used SPECT imaging and
have shown significant prognostic value. 4-5'H-~3
Fixed 2°1T! D e f e c t s

As discussed in the previous review, 1 the early
dogma that fixed T1TM defects reflect myocardial infarc-

JOURNALOFNUCLEARCARDIOLOGY
Volume 3, Number 6;516-37

tion or scar has been challenged by more recent data.
The earlier construct had been supported by the very
consistent observation that the presence and extent of
reversible defects predicted future cardiac events,
whereas defects that were fixed at standard 2- to 4-hour
delayed imaging did not. ~15-37 Nevertheless, although
technical considerations may explain some observations,
it is evident that some defects that do not show redistribution at 2 to 4 hours probably do not represent
infarction or scar, particularly in the absence of Q waves
or with normal regional wall motion. 38-42 However,
regardless of these observations, as pointed out, prior
studies have shown a remarkably consistent lack of
prognostic value for defects that are fixed at standard 2to 4-hour delayed imaging. More recent data have
continued to support these observations. In a large study
comprising 896 patients with known coronary artery
disease, 217 patients with defects that were fixed at
standard delayed imaging had an outcome that was
identical to that of 310 patients with normal T12°1
imaging (death rate <1%), whereas in 369 with reversible defects, death was increased substantially (5%;
p <0.001) (Figure l). 43 Furthermore, Brown et a l . 44
evaluated the prognosis of 100 patients who had isolated
fixed T12m defects on standard stress 2- to 4-hour
delayed imaging but no prior myocardial infarction.
These patients thus represent a cohort very likely to
show reversibility with reinjection or delayed imaging
because the fixed defects in these patients do not
represent scarring. During a mean follow-up of 2 years,
only one patient had a nonfatal myocardial infarction
and no patient died of cardiac-related disease, yielding
an annual cardiac event rate of 0.5% per year. Therefore
even in a cohort of patients in whom fixed defects
probably do not represent scar or infarction, the prognosis remains benign, comparable to that of patients
with a normal T1TM study result. In addition, a preliminary report suggests that the presence of fixed
defects that become reversible after reinjection does not
identify patients at increased risk for cardiac events. 45
Therefore although reinjection or late delayed imaging
may result in new reversibility and thus identify fixed
defects with viable myocardium, such defects do not
appear to have the same clinical significance as those
showing reversibility on standard 2- to 4-hour delayed
imaging. Some laboratories now advocate substituting
a reinjection image for the standard 2- to 4-hour delayed
redistribution image. However, caution should be used
in changing standard imaging protocols until the prognostic significance of this phenomenon is demonstrated.
Because prior reinjection studies have shown that some
defects that would otherwise be reversible on 2- to
4-hour delayed imaging will appear fixed with reinjection, 42 changing an imaging protocol to only stress
and reinjection imaging (omitting standard delayed
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imaging) could result in an underestimation of cardiac
risk.

Incremental Value of Myocardial
Perfusion Imaging
Although the prognostic value of myocardial perfusion imaging is now well established, the recent evolution of health care has changed the way we judge such
value. It is no longer adequate to demonstrate simply
that a procedure such as myocardial perfusion imaging
has prognostic value. It is now necessary to demonstrate
that such testing adds significantly to the predictive
value of data that is less expensive to obtain, such as
clinical data and results of stress electrocardiography. In
an analogous way, we are also now asking what more
invasive and expensive procedures such as coronary
angiography add to the value of less expensive noninvasive testing with myocardial perfusion testing. An
important step to address these issues was taken by
Pollock et al., 46 who determined the additive incremental
prognostic information obtained in hierarchal order from
clinical data, exercise electrocardiography, T12°~ imaging, and coronary angiography in a series of patients
suspected to have coronary artery disease originally
described by Kaul et al. 15 Using the global Z 2 derived
from the Cox proportional hazards regression model as
an index of the relative predictive value, the results from
stress electrocardiography added significantly to the
prognostic value of clinical data alone (Figure 2). However, the addition of T1~°~ data (transient defects) to
stress electrocardiography nearly doubled the ability to
predict cardiac events (Figure 2). Thus this study demonstrated that, although it is more expensive, T1~°1
imaging data greatly increase the ability to predict
cardiac events compared with stress electrocardiographic and clinical data alone.
Subsequently, Iskandrian et al. 47 examined the incremental prognostic value of exercise SPECT T1~°'
imaging in patients with known coronary artery disease.
They found that, among all patient variables (including
clinical, exercise electrocardiographic, myocardial perfusion imaging, and cardiac catheterization data), myocardial perfusion imaging had the greatest predictive
value. More important, when these variables were evaluated in a hierarchal incremental manner, they found that
exercise testing did not add significant predictive value
to clinical variables, but the addition of myocardial
perfusion imaging data improved prognostic value by a
factor of greater than 4 (Figure 3). Furthermore, the
increment in prognostic value was greater with myocardial perfusion imaging data than with cardiac catheterization data (Figure 3). Cardiac catheterization data did
not add significant prognostic value to T12°~ data. Thus
myocardial perfusion imaging greatly improved the
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Figure 1. Actuarial cardiac death rate in 896 patients with known coronary disease as function of
results of myocardial perfusion imaging. Patients with reversible defects (RD) had significantly
greater cardiac death rate than had patients with normal studies (NL) or fixed defects (FD)
(p < 0.001). (Reprinted by permission of the American Journal of Cardiology from Bodenheimer et
al. Am J Cardiol 1994;74:1196-200. Copyright 1994 by Elsevier Science, Inc.)
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hierarchial order at University of Virginia. (Clinica, clinical; exer, exercise electrocardiography;
MPI, myocardial perfusion imaging; cat& cardiac catheterization.) (Modified from Pollock et al.
Circulation 1992;85:237-48.)
prognostic value of the less expensive stress electrocardiography, whereas compared with myocardial perfusion
imaging, the more expensive cardiac catheterization data
did not.

More recently, Palmas et al. 48 described the incremental prognostic value of exercise SPECT T1TM imaging in patients who had undergone previous coronary
bypass. They found that the extent of jeopardized viable
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Figure 3. Hierarchial incremental prognostic value of clinical (clin), exercise electrocardiography
(exer), cardiac catheterization (cath), and myocardial peffusion imaging (MPI) variables. Addition
of myocardial perfusion imaging data to clinical and exercise testing data significantly increased
prognostic power of predictive model and added significantly more prognostic value than did
cardiac catheterization data. However, addition of catheterization to myocardial perfusion imaging
data did not provide additional prognostic value. (Reprinted by permission by American Journal of
Cardiology from Iskandrian et al. J Am Coll Cardiol 1993;22:665-70. Copyright 1993 by Elsevier
Science, Inc.)
myocardium, reflected in a T12°~-summed reversibility
score, added significant prognostic information to clinical and exercise data, doubling the Z2 value.
Thus there is now compelling data that myocardial
perfusion imaging does more than simply have statistically significant prognostic value in patients with known
or suspected coronary artery disease. More important, it
adds significant and substantial predictive value to more
easily obtained and less expensive clinical and exercise
testing data. Equally important, compared with myocardial perfusion imaging, more expensive cardiac catheterization and angiographic data add little or no significant
incremental prognostic value.

RISK STRATIFICATION OF PATIENTS WITH
MYOCARDIAL INFARCTION OR
UNSTABLE ANGINA
The primary goal of noninvasive risk stratification
after acute myocardial infarction is to identify the presence and extent of residual jeopardized viable myocardium, allowing identification of myocardium and patients at risk for future cardiac events.
It has been routine to perform exercise electrocardiography before discharge after acute myocardial risk
stratification. However, although some studies have
found predischarge stress testing to have prognostic

value, many others have n o t . 49-59 Several factors may
play a role in limiting the value of such an approach.
Under the best of circumstances, exercise electrocardiography has a modest sensitivity for detecting coronary
artery disease: 60% to 70%. 6°'61 Furthermore, the sensitivity is dependent on the peak heart rate achieved.
When the peak heart rate is tess than 85% of maximal
predicted heart rate, the sensitivity becomes sufficiently
low that a negative test result is described as "indeterminate."
Stress electrocardiography, particularly when performed with submaximal exercise (as is often the case),
will therefore have intrinsic limitations for detecting
noninfarct zone coronary artery disease and identifying
residual myocardium at risk. Furthermore, the interpretation of ST segment changes in a patient with prior
myocardial infarction is frequently limited because exercise-induced ST segment elevation may occur in electrocardiographic leads with Q waves that reflect regional
asynergy rather than ischemia and may be associated
with reciprocal ST segment depression that also may not
reflect ischemia. 62 An examination of prior studies
evaluating submaximal and maximal predischarge exercise testing after myocardial infarction, 49-58 including
those reviewed by Froelicher et al., 59 finds that the
overall sensitivity of ST segment depression for detecting patients at risk for future cardiac death or myocardial
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infarction is low, averaging only 27% (Figure 4, A). As
a result, the frequency of postdischarge cardiac death or
myocardial infarction is high in patients without exercise-induced ST segment depression and is not different
compared with patients with ST segment depression,
actually tending to be higher in patients with negative
stress electrocardiography (Figure 4, B). Potential advantages of myocardial perfusion imaging for risk stratification after acute myocardial infarction are listed in
Table 3.

Patients After Thrombolysis
With the introduction of thrombolytic therapy to the
treatment of patients with acute myocardial infarction,
attention has been focused on identifying patients who
have residual "salvaged" viable myocardium that remains potentially threatened by significant residual
coronary disease. The standard conventional approach
has been to use coronary angiography to define high-risk
groups. However, accumulating data from the Thrombolysis in Myocardial Infarction Phase I163 and Should
We Intervene Following Thrombolysis64 Trials and
others have shown that such invasive strategy does not
have any advantage over a more conservative approach,
whereby cardiac catheterization and intervention are
reserved only for patients who have spontaneous ischemia or provokable ischemia on stress testing (generally with myocardial perfusion imaging). Myocardial
perfusion imaging is particularly well suited for risk
stratification of patients after thrombolytic therapy for
acute myocardial infarction because of its ability to
identify (1) the presence of residual viable myocardium
in the infarct zone, (2) the presence of a hemodynamically significant coronary lesion threatening such
viable myocardium, and (3) jeopardized viable myocardium outside of the infarct zone. Even when a
significant residual stenosis is demonstrated in the
infarct vessel angiographically, noninvasive testing can
provide valuable information for risk stratification. Ellis
et al. 65 reported their observations in patients receiving
thrombolytic therapy who had residual angiographic
coronary stenosis in the infarct vessel and who were
randomized to either coronary angioplasty or risk stratification with stress testing (primarily T12°~ imaging). In
the subgroup undergoing noninvasive risk stratification,
when provokable ischemia was not present the subsequent infarct-free survival rate was 98% at 12 months
compared with 91% in patients who were randomized
to coronary angioplasty at the time of discharge
(p = 0.07). Thus noninvasive risk stratification was able
to identify low-risk patients for whom further intervention is unnecessary.
Several recent studies, however, have suggested that
risk stratification with myocardial perfusion imaging
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may have less value in the "thrombolytic era" compared
with studies performed before the introduction of thromb o l y s i s . 66'6v Tilkemeier et al. 66 reported the prognostic
value of submaximal exercise thallium imaging in 64
patients receiving thrombolysis for acute myocardial
infarction. The sensitivity and specificity of T12°1 for
cardiac events in this cohort was 55% and 63%, respectively. It was concluded that T1 T M imaging was a weak
predictor of cardiac events in patients receiving thrombolysis. However, 14 patients in the study group had
undergone coronary revascularization based on results
of T12°~. This obviously would tend to diminish greatly
the predictive value of T12°1 imaging because the outcome in the highest risk group is altered. Furthermore,
10 of the 64 patients in the "thrombolysis" group had
actually undergone coronary angioplasty. Because other
studies have shown that early after coronary angioplasty,
transient T12m defects may occur that resolve with
normal remodeling, 68 such defects would not be expected to have predictive value for cardiac events. T12°'
imaging was also found to have no significant prognostic value in 210 patients undergoing coronary angioplasty or thrombolytic therapy for acute myocardial
infarction described by Miller et al. 67 However, the
results of T1TM imaging in this cohort were also used by
clinicians, and 36 patients underwent early coronary
revascularization based on such results. These studies
highlight the current difficulty in performing prognostic
studies with myocardial perfusion imaging. Because
earlier studies have so firmly established the prognostic
value of myocardial perfusion imaging, with wide acceptance of this approach by clinicians, the technique
now forms a basis for making management decisions
regarding coronary revascularization. As a result, the
majority of patients with high-risk myocardial peffusion
imaging results will undergo coronary revascularization,
and therefore the natural outcome of such patients
cannot be known. In these recent reports of patients
undergoing thrombolytic therapy for acute myocardial
infarction, the highest risk patients based on the myocardial perfusion imaging data underwent coronary revascularization. This type of posttest basis greatly limits
any conclusions based on the remaining patient cohort
regarding the prognostic value of myocardial perfusion
imaging.
Furthermore, as Gimple and Beller69 have pointed
out, patients receiving thrombolytic therapy who are
reported in the literature tend to be generally a low-risk
cohort with low mortality rates in both treated and
placebo groups and thus may not reflect the general
patient with acute myocardial infarction. Study cohorts
receiving thrombolytic treatment reported in the literature have a much lower incidence of three-vessel coronary artery disease (10%) and prior myocardial infarction (7%) than do prethrombolytic cohorts (30% to 50%
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Figure 4. A, Sensitivity of predischarge exercise electrocardiography after acute myocardial
infarction (MI) for detection of patients who have subsequent cardiac death (CD) or myocardial
infarction. Results of individual studies and overall weighted average are displayed. Although there
are exceptions, sensitivity of stress electrocardiography for identification of patients at risk for
cardiac death or infarction is low, averaging 27%. B, Predictive value of predischarge exercise
electrocardiography after acute myocardial infarction (MI) for future cardiac death (CD) or
myocardial infarction. Results of individual studies and overall weighted average are shown. With
few exceptions, ability to distinguish high- and low-risk groups is poor, with no difference in
outcome between patients with positive versus negative test result based on stress-induced ST
segment depression. (ST DEP, ST segment depression; AV, average.)

and 17%, respectively). 69 These trends of lower risk and
less severe coronary d i s e a s e more likely represent patient selection bias than any major change in coronary
demographics in the current "thrombolytic era" compared with the prethrombolytic era. It is important to

remember that in the United States only a minority of
patients who have acute myocardial infarction are believed to be candidates for thrombolytic therapy. 7° There
is no reason to think that the prognostic value of
myocardial perfusion imaging, which is based princi-
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Table 3. Advantages of myocardial perfusion
imaging for post-myocardial infarction
risk stratification
Increased sensitivity for MVD
Ability to localize ischemia to coronary territories
Ability to distinguish infarct from noninfarct zone
myocardium at risk
Ability to quantify amount of jeopardized viable
myocardium
Ability to define global and regional LV function
(99~l'c-based agents)
Vasodilator-stress as adjunct, allowing risk stratification earlier and in patients unable to exercise
MVD, Multivessel coronary artery disease; LV, left ventricular.

pally on its intrinsic ability to detect the presence and
extent of jeopardized viable myocardium, has changed
in recent years. Any decrease in the observed predictive
value is much more plausibly explained by a strong
posttest basis reflecting revascularization in the highestrisk patients based on results of myocardial perfusion
imaging, as well as an overall low extent of coronary
artery disease and a low mortality rate in patients who
actually receive thrombolysis.

Early Post-Myocardial Infarction Risk Stratification
Because pharmacologic vasodilator stress induces
only modest changes in determinants of myocardial
oxygen demand compared with e x e r c i s e 24'7~-v3 and hemodynamic effects are brief or rapidly reversible, 73
myocardial perfusion imaging with vasodilator stress
can be used potentially for risk stratification of patients
with acute myocardial infarction very early in the
course. This can allow management decisions to be
made much sooner than the standard 5- to 7-day postinfarction, predischarge evaluation, potentially reducing
cost and preventing early cardiac events. Brown et al. 25
first reported a series of patients undergoing dipyridamole T12°~ 1 to 4 (mean 2.6) days after myocardial
infarction. There were no serious adverse effects during
the dipyridamole protocol. Compared with clinical, electrocardiographic, and cardiac catheterization data, the
best and only significant predictor of in-hospital
ischemic events was the presence of infarct zone T12°~
redistribution (p -- 0.0001): nine (45%) of 20 patients
with infarct zone redistribution had in-hospital ischemic
events compared with 0 of 30 patients who had no
infarct zone redistribution. During a mean 12-month
follow-up, three additional patients with infarct zone
thallium redistribution had ischemic cardiac events compared with none without infarct zone redistribution.
With a more extended follow-up to a mean of 33

JOURNALOF NUCLEARCARDIOLOGY
November/December 1996, Part 1

months, only one patient without infarct zone redistribution had a cardiac event, yielding an annual cardiac
event rate of approximately 1% per year (unpublished
data). Thus as with other patient cohorts, the presence of
jeopardized viable myocardium was the best predictor of
early and late cardiac events after an acute myocardial
infarction.
These observations have recently been supported by
Mahmarian et al., 74 who examined the value of quantitative T12°1 SPECT imaging with adenosine-induced
coronary hyperemia used somewhat later at 5 + 3 days
after acute myocardial infarction. A high sensitivity for
detecting stenosis in noninfarct arteries was observed.
Thallium redistribution, reflecting jeopardized viable
myocardium, was present in 59% of infarct zones and
92% of noninfarct zones supplied by stenotic arteries.
The angiographic patency status of coronary arteries did
not predict the presence or extent of jeopardized viable
myocardium. The authors confirmed that T12m redistribution is an important predictor of in-hospital cardiac
events: the presence of significant T12°' redistribution
identified a cohort of patients with a 43% risk of
developing ischemic in-hospital cardiac events compared with only 9% in patients without significant
redistribution. These investigations also recently reported their findings regarding long-term follow-up inan
expanded population of 146 patients undergoing adenosine SPECT T12°~ imaging 5 + 3 days after myocardial
infarction. 75 During a mean 16-month follow-up, the
best predictors of overall cardiac events, as well as hard
end points of death or recurrent myocardial infarction,
were the extent of reversible T1TM defects and ejection
fraction. Myocardial perfusion imaging (including defect size and extent of reversible defects) had significant
incremental prognostic value when added to clinical and
angiographic data, improving the global Z2 of the predictive model by a factor of 2 to 3 (Figure 5). Thus the
presence and extent of residual jeopardized viable myocardium detected by vasodilator myocardial perfusion
imaging performed early after acute myocardial infarction can identify a subgroup of patients at high risk for
early and late cardiac events who are most likely to
benefit from aggressive intervention. On the other hand,
patients without significant jeopardized viable myocardium appeared to be at very low risk for early and late
cardiac events and may be candidates for early discharge.
A preliminary report by Brown et al. 76 described
the prognostic value of intravenous dipyridamole 99~"Tclabeled sestamibi SPECT imaging performed early after
myocardial infarction for prediction of in-hospital
events. Imaging was performed 2 to 4 days after
myocardial infarction in 265 patients enrolled in a
multicenter study. A summed reversibility sestamibi
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Mahmarian et al. Circulation 1993;87:1197-210.)
score that reflected the extent and degree of jeopardized
viable myocardium provided significant incremental
prognostic value to clinical and dipyridarnole variables
for predicting ischemic in-hospital cardiac events, improving global ;(2 of the predictive model by a factor
of 3 (Figure 6).

99"Tc-Labeled Sestamibi Imaging
Because the primary determinates of prognosis after
acute myocardial infarction include the presence and
extent of residual jeopardized viable myocardium and
global left ventricular contractile function, myocardial
perfusion imaging with 99mTc-labeled sestamibi may
have particular advantages. In addition to detecting
jeopardized viable myocardium, 99mTc-based agents offer the opportunity to evaluate regional and global left
ventricular contractile function with first-pass studies or
gated image acquisitions. At this time, however, little
data are available regarding risk stratification with these
agents in the post-myocardial infarction setting, and
none have used the potential left ventricular function
data. As described above, Brown et al. 76 reported that
the extent of jeopardized viable myocardium, reflected
in a summed reversibility score with dipyridamole
99mTc-labeled sestamibi SPECT imaging early after infarction, added significant incremental prognostic value
to clinical and dipyridamole variables for predicting
in-hospital ischemic events. Travin et al. 7~ evaluated the

prognostic value of predischarge submaximal exercise
SPECT sestamibi imaging involving 134 patients followed up for a mean of 15 months after acute myocardial infarction. Reversible defects on sestamibi imaging
identified 11 (85%) of 13 patients who had a cardiac
event compared with only four patients (31%) for ST
segment depression on stress electrocardiography (p <
0.02) (Figure 7). With multivariate analysis of clinical,
stress electrocardiographic, and myocardial perfusion
imaging data, the number of reversible defects on
SPECT imaging was the only significant predictor of
future cardiac events. Furthermore, in the subgroup of
54 patients who had received thrombolytic therapy, the
extent of jeopardized viable myocardium reflected on
myocardial perfusion imaging remained a strong predictor of cardiac events. Myocardial perfusion imaging
retained its prognostic value despite the potential influence of significant posttest bias: 25% of patients were
referred for coronary revascularization, often those with
the most extensive ischemia by myocardial perfusion
imaging.

Unstable Angina
Recent data sugges t that myocardial perfusion imaging may be a valuable tool for the management of
patients with unstable angina, a cohort for whom traditional management has generally involved an invasive
approach because of concern that unstable angina is a
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precursor to myocardial infarction. It is important, however, to distinguish between "unstable" and "stable"
subgroups of this population. Patients with continuing
recurrent angina despite medical treatment will obviously require coronary revascularization. However,
many patients who have unstable angina become stabilized with institution or intensification of medical treatment. In this later group of patients, it is reasonable to
question whether proceeding to cardiac catheterization
and revascularization is necessary or noninvasive risk
stratification to identify subgroups that may most benefit
from coronary revascularization is a reasonable alternative. Several studies have now shown that aspirin,
heparin, p-blockers, and nifedipine can reduce the death
or myocardial infarction rate in patients who have
unstable angina. 78'79 In addition, intensification of medical treatment can reduce the "medically refractory
rate. ''*° Several randomized trials have failed to demonstrate an overall improvement in survival or myocardial
infarction rates with coronary bypass compared with
medical treatment of unstable angina. 8~-83 In addition,
the recent Thrombolysis in Myocardial Infarction IIIB
Trial has also shown no advantage of an early invasive
approach compared with a conservative approach, reserving cardiac catheterization for patients with refractory angina or evidence of provokable ischemia on
submaximal exercise. 84
Several studies have now examined the prognostic

value of myocardial perfusion imaging in patients who
have unstable angina. Hillert et aL as performed submaximal exercise T12°1 imaging in patients who were stabilized after admission for unstable angina. They found
that 15 of 19 patients with T12°1 redistribution had
myocardial infarction or class III/IV angina pectoris 12
weeks after discharge compared with only two of 18
patients without T12°1 redistribution (p < 0.001). In a
larger series of 158 patients who were ruled out for
acute myocardial infarction and subsequently underwent
symptom-limited exercise T12°1 imaging, patients with
transient defects had a 21% rate of nonfatal myocardial
infarction or cardiac death compared with only 3% of
patients without transient defects. 86 Marmur et al. 87
compared stress T12°l imaging to Holter, stress electrocardiogram, and cardiac catheterization data for predicting cardiac events during a 6-month follow-up in 54
patients with unstable angina who became responsive to
medical treatment. The only significant multivariate
predictors were a history of myocardial infarction and
the extent of transient T12°~ defects.
More recently, Brown 88 reported a series of 52
patients with unstable angina responsive to initial medical treatment who underwent symptom-limited exercise
T1~°1 imaging before discharge. During a mean follow-up of 39 months, cardiac death or nonfatal myocardial infarction occurred in seven patients, and 17 additional patients required coronary revascularization for
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recurrent unstable angina. The only significant predictor
of cardiac death or nonfatal myocardial infarction, with
multivariate logistic regression analysis, was the presence of T12°~ redistribution (Figure 8). When thallium
redistribution was present, 26% of patients had cardiac
death or nonfatal myocardial infarction compared with
only 3% in patients without T12°1 redistribution (annualized cardiac event rate of <1% per year). Stress
electrocardiography had no significant prognostic value.
Stratmann et al. 89 recently confirmed these findings with
exercise 99mTc-labeled sestamibi imaging in 126 patients
admitted with unstable angina who were stabilized
medically. During a mean follow-up of 12 months, 10
(25%) of 40 patients with reversible sestamibi defects
had cardiac death or nonfatal myocardial infarction
compared with only one (1%) of 86 patients without
reversible defects (p < 0.001). Similar to the study of
Brown et al.,76 neither fixed perfusion defects nor exercise electrocardiography predicted cardiac events.
In summary, the presence of jeopardized viable
myocardium identifies patients at high risk for cardiac
events, whereas the absence identifies patients at very
low risk, consistent with data in other patient populations. Thus myocardial perfusion imaging may be helpful in distinguishing patients who deserve additional
intervention from patients who can be managed medically and for whom further intervention is unlikely to be
of benefit.

PREOPERATIVE RISK STRATIFICATION
Because of the major role that coronary artery
disease plays in determining perioperative morbidity and
death in patients undergoing noncardiac surgery, a great
deal of attention has been focused on identifying patients with heart disease at high risk before undergoing
surgery to prevent perioperative cardiac events. Such an
approach is particularly important in patients undergoing
vascular surgery, in whom 40% to 80% have significant
angiographic or clinical evidence of coronary artery
disease. 9°-92 Standard clinical risk indexes based only on
clinical factors such as the Goldman Index have been
shown to be insensitive for identifying patients at high
risk undergoing vascular surgery. MacEnroe et al.93
found no relationship between the Goldman Index classification and frequency of perioperative cardiac events,
need for preoperative revascularization, or myocardial
ischemia demonstrated by myocardial perfusion imaging
in patients undergoing abdominal aortic aneurysm surgery. Furthermore, Jeffery et al. 94 reported that the
Goldman Index greatly underestimated the perioperative
risk of important cardiac events in patients undergoing
elective abdominal aortic surgery: perioperative cardiac
morbidity and mortality rates were approximately 8% in
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Figure 7. Relative sensitivity for detecting patients who had
cardiac events (CE) after acute myocardial infarction. Reversible defects (RD) and reversible defects with multiple vascular
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Copyright 1995 by Elsevier Science, Inc.)

patients categorized as Goldman class I, predicted to
have a less than 1% risk of a cardiac event. Several other
studies have also found low Goldman Indexes in the
subgroup of patients who had a perioperative cardiac
event. 31-34
The low sensitivity of such clinical indexes is
probably related to the fact that they have been developed from patient populations with a very low prevalence of coronary artery disease and a low incidence of
ischemic perioperative events. 95'96 It is well recognized
that many patients with underlying coronary artery
disease may be symptom free or have a normal resting
electrocardiogram. 97 Therefore clinical criteria based on
a history of prior myocardial infarction, presence or
absence of angina, or abnormal resting electrocardiogram may have insufficient sensitivity or specificity to
be of value in patient populations with a high prevalence
of coronary artery disease.
Many studies have now established the ability of
stress myocardial perfusion imaging to distinguish patients at high risk from those at low risk before noncardiac s u r g e r y . 29-37 In particular, the high frequency of
occult coronary artery disease in patients undergoing
vascular surgery who often are unable to exercise has
led to the development of vasodilator myocardial perfusion imaging for risk stratification of this patient cohort.
Nevertheless, although it is clear that clinical criteria
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Figure 8. Prognostic value of exercise electrocardiography
and 2°1T1imaging in patients with unstable angina. Presence of
2°IT1 redistribution (RD) was associated with significantly
increased risk of subsequent cardiac death or myocardial
infarction (MI). However, stress electrocardiography (EKG)
had no significant predictive value. (NEG, Negative for ST
segment depression; POS, positive for ST segment depression.) (Reprinted by permission of The Journal of The American College of Cardiology from Brown. J Am Coil Cardiol
1991;17:1053-7. Copyright 1991 by Elsevier Science, Inc.)

alone are inadequate for risk stratification of patients
undergoing noncardiac vascular surgery, it remains a
goal to use clinical and electrocardiographic data to
define a subgroup of patients at such low or high risk of
cardiac events that preoperative myocardial perfusion
imaging may not be necessary, allowing a more selective
approach. Through a series of articles, Eagle et a l . 31'33
and L'Italien et al. ~* have provided supportive evidence
that such an approach may be feasible. They have shown
that myocardial perfusion imaging probably has its
greatest value for risk stratification of patients before
surgery who have an intermediate clinical risk profile.
Although a strategy that allows selective application
of a superior but more expensive test than risk stratification has great potential value, some caution should be
taken accepting specific algorithms of these studies as
dogma. Additional corroboration with larger prospective
studies is needed. However, it may be difficult to obtain
such data in the current environment where the prognostic value of stress myocardial perfusion imaging is so
well established that it influences patient-care decisions.
In addition, the subgroup of patients with no clinical risk
factors may be problematic. As discussed, in patients
with peripheral vascular disease, underlying coronary
disease is frequently occult. Thus clinical risk stratification may lack sufficient sensitivity to identify patients at
high risk. In the study by Eagle et al., 33 although the
overall risk of cardiac events in patients without clinical
variables was low (3%), two (12%) of 17 patients with
thallium redistribution had perioperative cardiac events

Previous studies in other patient cohorts have demonstrated that the risk of cardiac events is not simply
related to the presence or absence of jeopardized viable
myocardium but rather is directly proportional to the
extent of myocardium at risk. 1 Recent data now confirm
that this precept applies to risk stratification of patients
before noncardiac surgery as well. In a study by Lette et
al., ~°° high-, medium-, and low-risk patient subgroups
were defined from a series of 355 patients undergoing
major vascular or nonvascular surgery based on the
number of myocardial segments with transient defects.
More recently, Brown and Rowan ~°~ reported that the
risk of perioperative cardiac death or nonfatal myocardial infarction in patients undergoing noncardiac surgery
is directly proportional to the extent of jeopardized
viable myocardium reflected in the number of myocardial segments with transient defects on dipyridamole
T12°1 imaging (Figure 9). Furthermore, the perioperative
risk of cardiac events was increased by history of
diabetes mellitus for a given amount of myocardium at
risk. Therefore determination of perioperative cardiac
risk must take into consideration not simply the presence
or absence of transient perfusion defects but rather the
extent. Patients with only a small amount of jeopardized
viable myocardium appear to be at low risk for perioperative cardiac events and probably do not require
additional intervention such as cardiac catheterization or
coronary revascularization.

Late Cardiac Events
Because of their high prevalence of coronary artery
disease, patients with Peripheral vascular disease will
remain at increased risk for cardiac events during
subsequent years even if they remain event free in
the perioperative period. Several recent studies have
now shown that stress myocardial perfusion imaging
also has significant predictive value for late postdischarge cardiac events. Hendel et al. 1°2 described
the perioperative and long-term outcome of 360 patients
undergoing dipyridamole T1TM imaging before elective
vascular surgery. Consistent with prior investigations, they found that the best predictor of early
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Figure 9. Probability of perioperative cardiac death (CD) or nonfatal myocardial infarction
(NFMI) as function of number of myocardial segments with transient 2°1T1defects and presence or
absence of diabetes mellitus. Risk increases incrementally as extent of jeopardized viable
myocardinm reflected in number of transient 2°1T1defects increases. In addition, for any degree of
jeopardized viable myocardium, presence of diabetes mellitus significantly increased risk of cardiac
events. (Reprinted by permission of The American Journal of Cardiology from Brown and Rowen.
J Am Coll Cardiol 1993;21:325-30. Copyright 1993 by Elsevier Science, Inc.)

perioperative cardiac events was transient T12°1 defects:
14% of patients with transient defects had perioperative cardiac death or nonfatal myocardial infarction
compared with only 1% with a normal scan (p < 0.001).
During a subsequent mean follow-up of 31 months,
transient defects also had a significant univariant
predictive value for late cardiac events. However,
the best predictor of late cardiac events was the presence
of fixed defects. The late outcome of patients undergoing surgery for peripheral vascular disease was
also related to preoperative dipyridamole T12°I studies
by Younis et al. 1°3 They found that the best multivariate
predictor of late cardiac death or myocardial infarction was the presence of reversible T12°~ defects (Figure
10). The actuarial event-free survival rate for patients
with transient T12m defects was approximately 50% by
2 years. The ability to identify patients with such
a high risk for late cardiac events can potentially
influence decisions about whether to proceed with
planned elective surgery for peripheral vascular disease. It is important to recognize that there may be a
disparity between perioperative and late cardiac risk.
Urbinati et al. ~°4 recently reported the early and late
outcome of patients undergoing exercise T12°~ myocar-

dial perfusion imaging before carotid endarterectomy.
Patients had a very low perioperative cardiac risk with
no cardiac death or myocardial infarction reported
within 30 days of surgery. However, during a 7-year
follow-up, the probability of developing a fatal or
nonfatal event was 49% in patients with concordant
reversible T12°1 defects and positive stress electrocardiography, compared with only 2% of patients without
such results (Figure 11).

Other Noncardiac Surgery
Since the previous review, there has been a gradual
accumulation of data regarding the value of stress
myocardial perfusion imaging for evaluation of patients
undergoing nonvascular noncardiac surgery, although
more studies are needed. In the study by Brown and
Rowan, 1° one third (77 of 231) of patients underwent
nonvascular surgery. The authors found that the type of
surgery was not related to patient outcome. Coley et
al.l° 5 recently evaluated 100 patients undergoing nonvascular, noncardiac surgery who had undergone preoperative dipyridamole T1TM imaging. T1TM redistribution,
age greater than 70 years, and a history of heart failure
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Figure 10. Long-term actuarial survival free of myocardial
infarction (MI) in patients after surgery for peripheral vascular
disease stratified by results of preoperative dipyridamole 2°iT1
imaging (DIP). Patients with reversible defects had significantly greater incidence of death or myocardial infarction than
had patients with other tests results. (From Younis et al. Am
Heart J 1990;119:1287.)
were the only significant multivariate predictors of cardiac events. Similar to previous observations with vascular surgery, the authors found that clinical assessment
may be helpful in identifying patients most appropriate
for myocardial perfusion imaging. There were no perioperative cardiac events among 45 patients with neither
significant clinical variable (age or heart failure). However, among the 55 patients with one or both clinical
markers, perioperative outcome was related directly to
the presence or absence of reversible T12°1 defects:
perioperative cardiac events occurred in eight (33%) of
24 patients with transient T12°~ defects compared with
only one (3%) of 31 without reversible T12°1 defects

(p > 0.01).
Impact of Treatment on the High-Risk Patient
Although stress myocardial perfusion imaging can
identify patients at high risk for perioperative cardiac
events, it is not clear whether risk stratification can
result in better patient outcome after noncardiac surgery.
Initial data suggest that intervention based on the results
of myocardial perfusion imaging can have a beneficial
effect. 1°6'm7 Golden et al.lo6 described the outcome of
500 consecutive patients undergoing abdominal aortic
aneurysm repair who had undergone preoperative dipyridamole T12°1 imaging. A subgroup of 212 patients
had clinical or electrocardiographic evidence of coronary artery disease but were believed to be "stable" and
did not undergo coronary revascularization before vascular surgery. However, 12 patients had perioperative
death or myocardial infarction. There were 28 other

High
Reported cardiac risk often >5%
Emergent major operations, particularly in the elderly
Aortic and major vascular
Peripheral vascular
Anticipated prolonged surgical procedures associated
with large fluid shifts and/or blood loss
Intermediate
Reported cardiac risk generally <5%
Carotid endarterectomy
Head and neck
Intraperitioneal and intrathoracic
Orthopedic
Prostate
Lowt
Reported cardiac risk generally < 1%
Endoscopic procedures
Superficial procedure
Cataract
Breast
Modified from ACC/AHA Task Force Circulation 1996;93:1278317.
*Combined incidence of cardiac death and nonfatal myocardial
infarction.
tDo not generally require further preoperative cardiac testing.

patients based on coronary angiography and noninvasive
testing who were believed to be at high risk for perioperative cardiac events and termed "unstable." They
consequently underwent coronary revascularization before abdominal aortic aneurysm surgery. No perioperative cardiac events occurred in this group. More recently, Younis et al.lo7 evaluated the impact of preoperative risk modification in patients undergoing major
noncardiovascular surgery. Based on the results of dipyridamole T12°1 imaging (primarily reversible defects),
preoperative coronary revascularization or medical interventions were instituted in 36 of 72 patients. Preoperative interventions were associated with a significant
reduction in total perioperative cardiac events, as well as
in perioperative death or myocardial infarction (Figure
12). In addition, among patients undergoing coronary
angiography based on an abnormal dipyridamole T12°1
study, cardiac events occurred in 0 of 6 patients undergoing coronary angioplasty before noncardiac surgery
compared with seven (37%) of 19 patients not undergoing coronary revascularization before noncardiac surgery. Although these studies involve small numbers of
patients and are methodologically flawed, they provide
some evidence that coronary revascularization or medical intervention of the highest risk group may prevent
perioperative or myocardial infarction.
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Figure 11. Long-term follow up in patients undergoing exercise 2°1T1 imaging before carotid
endarterectomy. Event-free survival rate was significantly lower in patients with reversible 2°'T1
defects (RD) and positive stress electrocardiogram (ETT) compared with patients without such
results. (Reprinted by permission of The American Journal of Cardiology from Urbinati et al. Am
J Cardiol 1992;69:1166-70. Copyright 1992 by Elsevier Science, Inc.)

Contrary Studies
Although the overwhelming weight of evidence
now based on dozens of studies clearly establishes the
prognostic value of stress myocardial perfusion imaging
for risk stratification in patients undergoing noncardiac
surgery, two recent investigations that found contrary
findings require scrutiny. 1°8'1°9 Mangano et al. 1°8 followed up 60 patients prospectively undergoing elective
vascular surgery. The results of T1TM imaging were
blinded to treating physicians and compared with historic, clinical, laboratory, and physiologic data. They
found no relationship between reversible T12°I defects
and perioperative cardiac events. However, the small
overall cohort (n = 60) and an extremely small frequency of important adverse perioperative outcomes
(only three perioperative myocardial infarctions or cardiac deaths) is a serious flaw. The extremely low incidence of cardiac events greatly limits any meaningful
statistical analysis of any potential predictor. In a larger
group of 457 patients undergoing elective abdominal
aortic aneurysm surgery, Baron et al. '°9 reported the
outcome of patients who had undergone preoperative
dipyridamole T12°1 imaging and radionuclide angiography. They found that cardiac imaging data did not
predict pefioperative cardiac events. However, important
methodologic flaws greatly limit the ability to draw
meaningful conclusions from this study. For example, 10
of the 20 deaths used as clinical outcomes were clearly
described as noncardiac. To include as end points deaths
that were noncardiac greatly diminishes the value of

their analysis, because myocardial perfusion imaging
could not be expected to predict such noncardiac events.
Furthermore, although only 16% of the cohort had a
prior myocardial infarction, reversible defects were described in only 39% of patients with definite coronary
artery disease, only 22% of patients with a history of
angina, and only 18% of patients with ischemic ST and
T wave abnormalities. This low frequency of reversible
defects observed in a cohort of patients who would be
expected to have a much higher frequency of reversible
defects raises important questions regarding whether
reversibility of myocardial perfusion defects was greatly
underestimated by physicians interpreting the imaging
studies. This may explain the lack of predictive value of
reversible defects in this study, which stands in contrast
to many other investigations. Furthermore, the investigators did not evaluate the extent of reversible defects as
potential predictors of cardiac events.
ACC/AHA Task Force Recommendation
Recently, the American College of Cardiology/American Heart Association (ACC/AHA) Task
Force on Practice Guidelines published their recommendations for perioperative cardiovascular evaluation for
noncardiac surgery. These recommendations are summarized in Figure 13.
Although the many arrows and boxes make the flow
sheet initially daunting, the approach is based on rela-
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of underlying cardiac disease, taking into account the
patient's activity level, one can reduce costs by limiting
noninvasive testing to those patients with an intermediate cardiac risk who will most benefit from the prognostic power of myocardial perfusion imaging.

intervention

OUTCOME RESEARCH

10
0
DEATH/MI

ALL EVENTS

Figure 12. Incidence of perioperative cardiac events including death or myocardial infarction (MI) and all cardiac events
as function of preoperative intervention. Patients who receive
preoperative intervention including revascularization or escalation of medical treatment had significantly lower risk of
perioperative death or myocardial infarction and all cardiac
events. (Modified from Younis et al. Am J Cardiol 1994;74:
311-17.)

tively simple clinical premises and is founded on much
of the literature already described. As a beginning step,
patients who require emergent noncardiac surgery or
with recent coronary revascularization (<5 years) who
are asymptomatic do not require additional cardiac
evaluation and may go directly to the operating room.
Next, patients with "major clinical predictors" suggesting an unstable cardiac status should go to coronary
angiography and/or have their noncardiac surgery cancelled or delayed. The approach to stable patients with
"intermediate clinical predictors" suggesting a significant probability of cardiac disease depends on the type
of surgery planned and the functional capacity of the
patient. Patients scheduled for a low surgical risk procedure (Table 4) and those scheduled for an intermediate
risk procedure (Table 4) who are active physically
without cardiac symptoms are felt to be low enough risk
to take to the operating room without further evaluation.
Patients scheduled for high-risk noncardiac surgery
(Table 4) or those with limited physical capacity that
makes assessment of cardiac symptoms difficult are
recommended to undergo noninvasive testing. The approach to stable patients with "minor or no clinical
predictors" also depends on the type of surgery planned
and functional capacity. Active asymptomatic patients or
those scheduled for low-intermediate surgical risk procedures can go directly to planned noncardiac surgery.
Patients with poor functional capacity scheduled for
high-risk procedures should undergo noninvasive testing.
In summary, noninvasive stress testing with myocardial perfusion imaging can clearly determine cardiac
risk in patients undergoing noncardiac surgery. By incorporating clinical data, including assessment of the
cardiac risk of a planned procedure and the probability

In addition to its ability to provide valuable information regarding risk stratification, stress myocardial
perfusion imaging may see a growing use for providing
a "gatekeeping" function for more costly invasive procedures. Bateman et al. 1'° have shown that the results of
stress T1TM myocardial perfusion imaging can have an
important impact on the decision to perform cardiac
catheterization. A total of 4162 patients were followed
up for 9 months after stress T12°' imaging. When no
reversible defects were present, only 3.5% of patients
went on to cardiac catheterization compared with 32%
of patients with reversible defects. Among those with
reversible defects, 60% of patients with high-risk imaging results (defined as multiple coronary territories, left
anterior descending artery territory, or increased lung
uptake) went on to cardiac catheterization compared
with only 9% of patients without these findings. Of the
total initial cohort undergoing T12°1 imaging, only 21%
underwent catheterization. Of this subgroup, 79% had
high-risk T12°' imaging results. Thus clinicians were
clearly acting on the results of the stress T12°1 imaging,
limiting referral for cardiac catheterization principally to
the group with high-risk T12°1 imaging results. Nallamothu et al.nl also found that the results of exercise
T12m imaging impacted patient management. They followed up 2700 patients for a mean of 37 months and
found that only 3% of patients with normal T12°1 imaging underwent coronary angiography compared with
36% of patients with abnormal T12°~ studies. The rate of
cardiac catheterization in this cohort was related to the
extent of myocardial perfusion defect on T12°~ imaging.
With a questionnaire, Steingart et al. 1'2 showed that the
results of nuclear exercise tests significantly influenced
referring physicians' likelihood of recommending coronary angiography. The perceived need for coronary
angiography was reduced significantly after the nuclear
exercise test was performed across the full range of
pretest probabilities of coronary artery disease. Interestingly, the impact was greatest for patients with known
coronary artery disease. More recently, Hachamovitch et
al. also demonstrated that myocardial perfusion imaging
results influence cardiac catheterization and coronary
revascularization utilization, n3'114 Importantly, referral
rates for invasive and interventional procedures were
directly related to the degree of abnormality of imaging
results, corresponding to the perceived (and documented) risk of cardiac events. Even when the likelihood
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Figure 13. Stepwise approach to preoperative cardiac evaluation. *Subsequent care may include
cancellation or delay of surgery, coronary revascularization followed by noncardiac surgery, or
intensified medical treatment before noncardiac surgery. (From ACC/AHA Task Force Circulation

1996;93:1278-317.)

of underlying coronary artery disease was high based on
clinical and stress electrocardiogram data, referral rates
were 1% to 3% when myocardial perfusion imaging was
normal.
In summary, an accumulating body of data indicates
that the results of myocardial pefusion imaging impact
significantly on cardiac catheterization and coronary
revascularization utilization rates• Clinicians appear to
make recommendations regarding invasive and interven-

tional procedures based on an appropriate understanding
of the prognostic implications of imaging results• Patients at low risk for cardiac events determined by a
normal radionuclide study are rarely referred for additional procedures even when clinical data and stress
electrocardiography suggest a high likelihood of coronary disease. In contrast, angiography and revascularization are reserved for high-risk patients based on
imaging results. Thus myocardial perfusion imaging
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appears to be currently playing an important gatekeeper
function now demanded by the current era of health care
cost containment. Such a role is likely to see a growing
importance in future years.

CONCLUSIONS
The use of myocardial perfusion imaging to define
cardiac risk and to identify patients who are most and
least likely to benefit from additional, more costly
procedures has been a growth area for the field of
nuclear cardiology. Data continue to accumulate demonstrating the significant incremental value that the
technique can add to prognostic information provided by
less expensive clinical data and tests. Although future
studies will be needed to confirm its role as a gatekeeper
for more expensive procedures and to establish its
impact on clinical outcome, it is likely that the prognostic value of myocardial perfusion imaging will continue
to play an important role in patient management.

References
1. Brown KA. Prognostic value of thallium-201 myocardial perfusion imaging: a diagnostic tool comes of age. Circulation 1991;
83:363-81.
2. Steinberg EH, Koss JH, Lee M, Grunwald AM, Bodenheimer
MM. Prognostic significance from 10-yr follow-up of a qualitatively normal planar exercise thallium test in suspected coronary
artery disease. Am J Cardiol 1993;71:1270-3.
3. Fagan LF Jr, Shaw L, Kong BA, Caralis DG, Wiens RD,
Chaitman BR. Prognostic value of exercise thallium scintigraphy
in patients with good exercise tolerance and a normal or abnormal exercise electrocardiogram and suspected or confirmed
coronary artery disease. Am J Cardiol 1992;69:607-11.
4. Schalet BD, Kegel JG, Heo J, Segal BL, Iskandrian AS. Prognostic implications of normal exercise SPECT thallium images in
patients with strongly positive exercise electrocardiograms: Am J
Cardiol 1993;72:1201-3.
5. Krishnan R, Lu J, Dae MW, Botvinick EH. Does myocardial
perfusion scintigraphy demonstrate clinical usefulness in patients
with markedly positive exercise tests: an assessment of the
method in a high-risk subset? Am Heart J 1994;127:804-16.
6. Brown KA, Rowen M. Prognostic value of a normal exercise
myocardial perfusion imaging study in patients with angiographically significant coronary artery disease. Am J Cardiol 1993;71:
865-7.
7. Abdel-Farrah A, Kamal AM, Pancholy S, Ghods M, Russell J,
Cassel D, et al. Prognostic implications of normal exercise
tomographic thallium images in patients with angiographic evidence of significant coronary artery disease. Am J Cardiol
1994;74:769-71.
8. Doat M, Podio V, Pavin D, Rutishauser W, Righetti A. Long term
prognostic significance of normal or abnormal exercise TI-201
myocardial scintigraphy in patients with or without significant
coronary stenosis [abstract]. J Am Coll Cardiol 1994;23:158A.
9. Brown K, Rowen M. Impact of antianginal medications, peak
heart rate and stress level on the prognostic value of a normal
exercise myocardial perfusion imaging study. J Nucl Med 1993;
34:1467-71.

JOURNAL OF NUCLEARCARDIOLOGY
November/December 1996, Part 1

10. Brown KA, Altland E, Rowen M. Prognostic value of normal
technetium-99m sestarnibi cardiac imaging. J Nuel Med 1994;
35:554-7.
11. Raiker K, Sinusas AJ, Wackers FJTh, Zaret BL. One-year
prognosis of patients with normal planar or single-photon emission computed tomographic technetium-99m-labeled sestamibi
exercise imaging. J Nucl Med 1994;1:449-56.
12. Stratmann HG, Williams GA, Wittry MD, Chaitman BR, Miller
DD. Exercise technetium-99m sestamibi tomography for cardiac
risk stratification of patients with stable chest pain. Circulation
1994;89:615-22.
1.3. Stratmann HG, Tamesis BR, Younis LT, Wittry MD, Miller DD.
Prognostic value of dipyridamole technetium-99m sestamibi
myocardial tomography in patients with stable chest pain who
are unable to exercise. Am J Cardiol 1994;73:647-52.
14. Machecort J, Longere P, Fagret D, Vanzetto G, Wolf JE, Polidori
C, et al. Prognostic value of thallium-201 single-photon emission
computed tomographic myocardial perfusion imaging according
to extent of myocardial defect: study in 1,926 patients with
follow-up at 33 months. J Am Coil Cardiol 1994;23:1096-106.
15. Kaul S, Lilly DR, Gasho JA, Watson DD, Gibson RS, Oliner CA,
Ryan JM, Beller GA. Prognostic utility of the exercise thallium201 test in ambulatory patients with chest pain. Circulation
1988;77:745-8.
16. Gill JB, Ruddy TD, Newell JB, Finkelstein DM, Strauss HW,
Boucher CA. Prognostic importance of thallium uptake by the
lungs during exercise coronary artery disease. N Engl J Med
1987;317:1485-9.
17. Younis LT, Byers S, Shaw L, Barth G, Goodgold H, Chaitman
BR. Prognostic importance of silent myocardial ischemia detected by intravenous dipyridamole-thallium myocardial imaging
in asymptomatic patients with coronary artery disease. J Am Coll
Cardiol 1989;14:1635-41.
18. Hendel RC, Layden JJ, Leppo JA. Prognostic value of dipyridamole-thallium scintigraphy for evaluation of ischemic
heart disease. J Am Coil Cardiol 1990;15:109-16.
19. Stratman HG, Mark AL, Walter KE, Williams GA. Prognostic
value of atrial pacing and thallium-201 scintigraphy in patients
with stable chest pain. Am J Cardiol 1989;64:985-90.
20. Wilson WW, Gibson RS, Nygaard TW, Craddock GB, Watson
DD, Crampton RS, et al. Acute myocardial infarction associated
with single vessel coronary artery disease: an analysis of clinical
outcome and the prognostic importance of vessel patency and
residual ischemic myocardium. J Am Coil Cardiol 1988;11:22334.
21. Leppo JA, O'Brien, Rothendler JA, Getchell JD, Lee VW.
Dipyridamole-thallium-201 scintigraphy in the prediction of future cardiac events after acute myocardial infarction. N Engt J
Med 1984;310:1014-8.
22. Pirelli S, Inglese E, Suppa M, Corrada E, Campolo L. Dipyridamole-thallium-201 scintigraphy in the early post-infarction
period. Eur Heart J 1988;9:1324-31.
23. Younis LT, Byers S, Shaw L, Barth G, Goodgold H, Chaitman
BR. Prognostic value of intravenous dipyridamole-thallium scintigraphy after acute myocardial ischemic events. Am J Cardiol
1989;64:161-6.
24. Gimple LW, Hutter AM, Guiney TE, Boucher CA. Prognostic
utility of predischarge dipyridamole-thallium imaging after uncomplicated acute myocardial infarction. Am J Cardiol 1989;64:
1243-8.
25. Brown KA, O'Meara J, Chambers CE, Plante DA. Ability of
dipyridamole-thallium-201 imaging 1 to 4 hours after acute
myocardial infarction to predict in-hospital and later recurrent
myocardial ischemic events. Am J Cardiol 1990;65:160-7.
26. Bosch X, March R, Magrina J, Betriu A, Sang G, Navarro-Lopey

JOURNALOF NUCLEARCARDIOLOGY
Volume 3, Number 6;516-37

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

F. Prediction of in-hospital cardiac events using dipyridamole
perfusion scintigraphy after myocardial infarction [abstract].
Circulation 1989;80(suppl):II-307.
Gibson RS, Beller GA, Gheorghiade M, Nygaard TW, Watson
DD, Huey EL, et al. The prevalence and clinical significance of
residual myocardial ischemia 2 weeks after uncomplicated nonQ-wave myocardial infarction: a prospective natural history
study. Circulation 1986;73:1186-98.
Brown KA, Weiss RM, Clements JP, Wackers FJTh. Usefulness
of residual ischemic myocardium within prior infarct zone for
identifying patients at high risk late after acute myocardial
infarction. Am J Cardiol 1987;60:15-9.
Boucher CA, Brewster DC, Darling RC, Okada RD, Strauss HW,
Pohost GM. Determination of cardiac risk by dipyridamolethallium imaging before peripheral vascular surgery. N Engl J
Med 1985;312:389-94.
Leppo J, Plaja J, Gionet M, Tumolo J, Paraskos JA, Cutler BS.
Noninvasive evaluation of cardiac risk before elective vascular
surgery. J Am Coll Cardiol 1987;9:269-76.
Eagle KA, Singer DE, Brewster DC, Darling RC, Mulley AG,
Boucher CA. Dipyridamole-thallium scanning in patients undergoing vascular surgery: optimizing pre-operative evaluation of
cardiac risks. JAMA 1987;257:2185-9.
Sachs RN, Tellier R Larmignat P, Azorin J, Fischbein L, Beaudet
B, et al. Assessment by dipyridamole-thallium-201 myocardial
scintigraphy of coronary risk before peripheral vascular surgery.
Surgery 1988;103:584-7.
Eagle KA, Coley CM, Newell JB, Breuster DC, Darling RC,
Strauss HW, et al. Combining clinical and thallium data optimizes preoperative assessment of cardiac risk before major
vascular surgery. Ann Intern Med 1989;110:859-66.
Lette J, Waters D, Lassonde J, Dube S, Heyen F, Picard M, et al.
Postoperative myocardial infarction and cardiac death. Ann Surg
I990;211:84-90.
Lane SE, Lewis SM, Pippin JJ, Kosinski EJ, Campbell D, Nesto
RW, et al. Predictive value of quantitative dipyridamole-thallium
scintigraphy in assessing cardiovascular risk after vascular surgery in diabetes mellitus. Am J Cardiol 1989;64:1275-39.
Lette J, Waters D, Lapointe J, Gaynor A, Picard M, Cerino M, et
al. Usefulness of the severity and extent of reversible perfusion
defects during thallium-dipyridamole imaging for cardiac risk
assessment before noncardiac surgery. Am J Cardiol 1989;64:
276-81.
Brown KA, Rimmer J, Halsch C. Noninvasive cardiac risk
stratifications of diabetic and noudiabetic uremic renal allograft
candidates using dipyridamole-thallium-201 imaging and radionuclide ventriculography. Am J Cardiol 1989;64:1017-21.
Liu P, Kiess MC, Okada RD, Block PC, Strauss HW, Pohost
GM, et al. The persistent defect on exercise thallium imaging and
its fate after myocardial revascularization: does it represent scar
or ischemia? Am Heart J 1985;110:996-1001.
Yang LD, Berman DS, Kiat H, Resser KJ, Friedman JD, Royanski A, et al. The frequency of late reversibility in SPECT
thallium-201 stress-redistribution studies. J Am Coll Cardiol
1990;15:334-40.
Botvinick EH. Late reversibility: a viability issue. J Am Coll
Cardiol 1990;15:341-4.
Brunken R, Schwaiger M, Grover McKay M, Phelps ME,
Tillisch J, Schelbert HR. Positron emission tomography detects
tissue metabolic activity in myocardial segmerits with persistent
thallium perfusion defects. J Am Coll Cardiol 1987;10:557-67.
Dilsizian V, Rocco TR Freedman NMT, Leon MB, Bonow RO.
Enhanced detection of ischemic but viable myocardium by the
reinjection of thallium after stress-redistribution imaging. N Engl
J Med 1990;323:141-92.

Brown
Prognostic value of myocardial perfusion imaging

535

43. Bodenheimer MM, Wackers FJTh, Schwartz RG, Brown M, et
al. Prognostic significance of a fixed thallium defect one to six
months after onset of acute myocardial infarction or unstable
angina. Am J Cardiol 1994;74:1196-200.
44. Brown KA, Rowen M, Altland E. Prognosis of patients with an
isolated fixed thallium-201 defect and no prior myocardial
infarction. Am J Cardiol 1993;72:1199-201.
45. Pier[ PL, Tisselli A, Moscatelli G, Spinelli A, Riva R Prognostic
value of T1-201 reinjection (RI) in patients with chronic myocardial infarction [abstract]. J Nucl Cardiol 1995;2:$89.
46. Pollock SG, Abbott RD, Boucher CA, Beller GA, Kaul S.
Independent and incremental prognostic value of tests performed
in hierarchial order to evaluate patients with suspected coronary
artery disease. Circulation 1992;85:237-48.
47. Iskandrian AS, Chae SC, Heo J, Stanbeny CD, Wasserleben V,
Cave V. Independent and incremental prognostic value of exercise single-photon emission computed tomographic (SPECT)
thallium imaging in coronary artery disease. J Am Coll Cardiol
1993;22:665-70.
48. Palmas W, Bingham S, Diamond GA, Denton AT, Kiat H,
Friedman JD, et al. Incremental prognostic value of exercise
thallium-201 myocardial single-photon emission computed tomography late after coronary artery bypass surgery. J Am Coll
Cardiol 1995;25:403-9.
49. Theroux R Waters DD, Halpen C, Desbaisieux JC, Mizgala HF.
Prognostic value of exercise testing soon after myocardial infarction. N Engl J Med 1979;361:341-5.
50. Starling MR, Crawford MH, Kennedy GT, O'Rourke RA. Exercise testing early after myocardial infarction: predictive value of
subsequent unstable angina and death. Am J Cardiol 1980;46:
909-14.
51. Fioretti E Brower RW, Simoons ML, et al. Prediction of mortality during the first year after acute myocardial infarction from
clinical variables and stress test at hospital discharge. Am J
Cardiol 1985;55:1313-8.
52. Weld FM, Chu K-L, Bigger JT, Roinitzky LM. Risk stratification
with low-level exercise testing 2 weeks after acute myocardial
infarction. Circulation 1981;64:306-14.
53. Williams WL, Nair RC, Higginson LA, Baird MG, Allan K,
Beanlands DS. Comparison of clinical and treadmill variables for
the prediction of outcome after myocardial infarction. J Am Coll
Cardiol 1984;4:477-86.
54. Jelinek VM, McDonald IG, Ryan WF, Ziffer RW, Clemens A,
Gerloff J. Assessment of cardiac risk 10 days after uncomplicated
myocardial infarction. Br Med J 1982;284:227-30.
55. Jennings K, Reid DS, Hawkins T, Julian DJ. Role of exercise
testing early after myocardial infarction in identifying candidates
for coronary surgery. Br Med J 1984;288:185-7.
56. Handler CE. Snbmaximal predischarge exercise testing after
myocardial infarction: prognostic value and limitations. Eur
Heart J 1985;6:5t0-7.
57. Krone RJ, Gillespie JA, Weld FM, Miller JP, Moss AJ. Low-level
exercise testing after myocardial infarction: usefulness in enhancing clinical risk stratification. Circulation 1985;71:80-9.
58. Borer JS, Rosing DR, Miller RH, Stark RM, Kent KM,
Bacharach SL, et al. Natural history of left ventricular function
during 1 year after acute myocardial infarction: comparison with
clinical, electrocardiographic and biochemical determinations.
Am J Cardiol 1980;46:10-2.
59. Froelicher VF, Perdue S, Pewen W, Risch M. Application of
meta-analysis using an electronic spread sheet to exercise testing
in patients after myocardial infarction. Am J Med 1987;83:104554.
60. Froelicher VF. Exercise testing and training. New York: LeJacq
Publishing, 1983:74-111.

536

Brown
Prognostic value of myocardial perfusion imaging

61. Gianrossie R, Detrano R, Mulvihill D, Lehman K, Dubach P,
Colombo A, et al. Exercise induced ST depression in the
diagnosis of coronary artery disease: a meta-analysis. Circulation
1989;80:87-98.
62. Dunn RF, Bailey IK, Uren R, Kelly DT. Exercise-induced ST
segment elevation: correlation of thallium-201 myocardial perfusion scanning and coronary arteriography. Circulation 1980;61:
989-95.
63. The TIMI Study Group. Comparison of invasive and conservative strategies after treatment with intravenous tissue plasminogen activator in acute myocardial infarction: results of the
Thrombolysis in Myocardial Infarction (TIMI) Phase II Trial.
N Engl J Med 1989;320:618-27.
64. SWIFT (Should We Intervene Following Thrombolysis) Trial
Study Group. Trial of delayed elective intervention vs conservative treatment after thrombolysis with antistreplase in acute
myocardial infarction. Br Med J 1991;302:555-60.
65. Ellis SG, Moonly MR, George BS, daSilva EER, Talley JD,
Flanagan WH, et al. Randomized trial of late elective angioplasty
versus conservative management for patients with residual
stenoses after thrombolytic treatment of myocardial infarction:
Treatment of Post-Thrombolytic Stenoses (TOPS) Study Group.
Circulation 1992;86:1400-6.
66. Tilkemeier PL, Guiney THE, LaRaia PJ, Boucher CA. Prognostic value of predischarge low-level exercise thallium testing after
thrombolytic treatment of acute myocardial infarction. Am J
Cardiol 1990;66:1203-7.
67. Miller TD, Gersh BJ, Christian TF, Bailey KR, Gibbons RJ.
Limited prognostic value of thallium-201 exercise treadmill
testing early after myocardial infarction in patients treated with
thrombolysis. Am Heart J 1995;130:259-66.
68. Manyari DE, Kundtson M, Kloiber R, Roth D. Sequential
thallium-201 myocardial perfusion studies after successful percutaneous transluminal coronary angioplasty: delayed resolution
of exercise-induced scintigraphic abnormalities. Circuiation
1988;77:86-95.
69. Gimple LW, Beller GA. Assessing prognosis after myocardial
infarction in the thrombolytic era. J Nucl Cardiol 1994;1:198209.
70. Anderson HW, Willerson JT. Thrombolysis in acute myocardial
infarction. N Engl J Med 1993;329:703-9.
71. Leppo JA, Boucher CA, Okada RD, Newell JB, Strauss W,
Pohost GM. Serial T1-201 myocardial imaging after dipyridamole infusion: diagnostic utility in detecting coronary
stenoses and relationship to regional wail motion. Circulation
1982;66:649-56.
72. Iskandrian AS, Heo J, Askenase A, Segal BL, Auerbach N.
Dipyridamole cardiac imaging. Am Heart J 1988;115:432-43.
73. Homma S, GiUiland Y, Guiney TE, Strauss HW, Boucher CA.
Safety of intravenous dipyridamole for stress testing with thallium imaging. Am J Cardiol 1987;59:152-4.
74. Mahmarian JJ, Pratt CM, Nishimura S, Abreu A, Verani MS.
Quantitative adenosine 201T1 single-photon emission computed
tomography for the early assessment of patients surviving acute
myocardial infarction. Circulation 1993;87:1197-210.
75. Mahmarian JJ, Mahmarian AC, Marks GF, Pratt CM, Verani MS.
Role of adenosine thallium-201 tomography for defining longterm risk in patients after acute myocardial infarction. J Am Coll
Cardiol 1995;25:1333-40.
76. Brown KA, Heller GV, Landin RJ, Hale CA, Haber SB. Prognostic value of IV dipyridamole Tc99m sestamibi SPECT imaging early post myocardial infarction for prediction of in-hospital
cardiac events. Circulation 1995;92:522-3.
77. Travin MI, Dessouki A, Cameron T, Heller GV. Use of exercise
technetium-99m sestamibi SPECT imaging to detect residual

JOURNALOF NUCLEARCARDIOLOGY

November/I)ecember 1996, Part 1

78.
79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.
95.

ischemia and for risk stratification after acute myocardial infarction. Am J Cardiol 1995;74:665-9.
Theroux R Ouimet H, McCans J, et al. Aspirin, heparin, or both
in unstable angina. N Engl J Med 1985;313:1369.
HINT Research Group. Early treatment of unstable angina in the
coronary care unit: a randomized, double blind, placebo controlled comparison of recurrent ischemia in patients treated with
nifedipine or metroprolol or both. Br Heart J 1986;56:400-13.
Grambow DW, Topol EJ. Effect of maximal medical therapy on
refractoriness of unstable angina pectoris. Am J Cardiol 1992;
70:577-81.
National Cooperative Study Group. Unstable angina: National
Cooperative Study Group to compare surgical and medical
therapy, II: in-hospital experience and initial follow-up results in
patients with one, two, and three vessel disease. Am J Cardiol
1978;42:839-48.
Luchi RJ, Scott SM, Deupree RH. Comparison of medical and
surgical treatment for unstable angina pectoris. N Engl J Med
1987;316:977-84.
Parisi AF, Khuri S, Deupree RH, Sharma GVRK, Scott SM,
Luchi RJ. Medical compared with surgical management of
unstable angina: 5-year mortality and morbidity in the Veterans
Administration Study. Circulation 1989;80:1176-89.
The TIMI IIIB Investigators. Effects of tissue plasminogen
activator and a comparison of early invasive and conservative
strategies in unstable angina and non-Q-wave myocardial
infarction: results of the TIMI IIIB trial. Circulation 1994;89:
1545-56.
Hillert MC, Narahara KA, Smitherman TC, Burden LL, Wyatt
JC III. Thallium-201 perfusion imaging after the treatment of
unstable angina pectoris: relationship to clinical outcome. West J
Med 1986;145:355-40.
Madsen JK, Stubgaard M, Utne HE, et al, Prognosis and
thallium-201 scintigraphy in patients admitted with chest pain
without confirmed acute myocardial infarction. Br Heart J 1988;
59:184-9.
Marmur JD, Freeman MR, Langer A, et al. Prognosis in medically stabilized unstable angina: early Holter ST segment monitoring compared with predischarge exercise thallium tomography. Ann Intern Med 1990;113:575-9.
Brown KA. Prognostic value of thallium-201 myocardial perfusion imaging in patients with unstable angina who respond to
medical treatment. J Am Coll Cardiol 1991;17:1053-7.
Stratmann HG, Younis LT, Wittry MD, Amato M, Miller DD.
Exercise technetium-99m myocardial tomography for the risk
stratification of men with medically treated unstable angina
pectoris. Am J Cardiol 1995;76:236-40.
Hertzer NR, Beven EG, Young JR, et al. Coronary artery disease
in peripheral vascular patients: a classification of 1000 coronary
angiograms and results of surgical management. Ann Surg
1984;199:223-33.
Brown OW, Hollier LH, Pairolero RC, Kazmier FG, McCready
RA. Abdominal aortic aneurysm and coronary artery disease: a
reassessment. Arch Surg 1981;116:1484-7.
Blombery PA, Ferguson IA, Rosengarten DS, et al. The role of
coronary artery disease in complications of abdominal aortic
aneurysm surgery. Surgery 1987;101:150-5.
McEnroe CS, O'Donnell TF Jr, Yeager A, Konstam M, Mackey
WC. Comparison of ejection fraction and Goldman risk factor
analysis to dipyridamole-thallium-201 studies in the evaluation
of cardiac morbidity after aortic aneurysm surgery. J Vasc Surg
1990; 11:49%504.
Jeffrey CC, Kunsman J, Cullen DJ, Brewster DC. A prospective
evaluation of cardiac risk index. Anesthesiology 1983;58:462-4.
Goldman L, Caldera DL, Nussbaum SR, Southwick FS,

JOURNAL OF NUCLEAR CARDIOLOGY

Volume 3, Number 6;516-37

Krogstad D, Murray B, et al. Multifactorial index of cardiac risk
in noncardiac surgical procedures. N Engl J Med 1977;297:84550.
96. Goldman L, Caldera DL, Southwick FS, Nussbaus SR, Murray
B, O'Malley AT, et al. Cardiac risk factors and complications in
non-cardiac surgery. Medicine 1978;57:357-70.
97. Cohn PE Asymptomatic coronary artery disease: pathophysiology, diagnosis, management. Mod Concepts Cardiovasc Dis
1981;50:55-60.
98. L'Italien GJ, Paul SD, Hendel RC, Leppo JA, Cohen MC,
Fleisher LA, et al. Development and validation of a Bayesian
model for perioperative cardiac risk assessment in a cohort of
1,081 vascular surgical candidates. J Am Coll Cardiol 1996;27:
779-86.
99. Hendel RC, Leppo JA. The value of perioperative clinical
indexes and dipyridamole thallium scintigraphy for the prediction of myocardial infarction and cardiac death in patients
undergoing vascular surgery. J Nucl Cardiol 1995;2:18-25.
100. Lette J, Waters D, Cerino M, Picard M, Champagne R Lapointe
J. Preoperative coronary artery disease risk stratification based on
dipyridamole imaging and a simple three-step, three-segment
model for patients undergoing noncardiac vascular surgery or
major general surgery. Am J Cardiol 1992;69:1553-8.
101. Brown KA, Rowen M. Extent of jeopardized viable myocardium
determined by myocardial perfusion imaging best predicts perioperative cardiac events in patients undergoing noncardiac surgery. J Am Coll Cardiol 1993;21:325-30.
102. Hendel RC, Whitfield SS, Billegas BJ, Cutler BS, Leppo JA.
Prediction of late cardiac events by dipyridamole thallium imaging in patients undergoing elective vascular surgery. Am J
Cardiol 1992;70:1243-9.
103. Younis LT, Aguirre F, Byers S, Dowell S, Barth G, Walker H, et
al. Perioperative and long-term prognostic value of intravenous
dipyridamole thallium scintigraphy in patients with peripheral
vascular disease. Am Heart J 1990;119:1287-92.
104. Urbinati S, DiPasquale G, Andreoli A, Lusa AM, Ruffini M,
Lanzino G, et al. Frequency and prognostic significance of silent
coronary artery disease in patients with cerebral ischemia undergoing carotid endarterectomy. Am J Cardiol 1992;69:1166-70.
105. Coley CM, Field TS, Abraham SA, Boucher CA, Eagle KA.
Usefulness of dipyridamole-thallium scanning for preoperative
evaluation of cardiac risk for nonvascular surgery. Am J Cardiol
1992;69:1280-5.

Brown
Prognostic value of myocardial perfusion imaging

537

106. Golden MA, Whittemore AD, Donaldson MC, Mannick JA.
Selective evaluation and management of coronary artery disease
in patients undergoing repair of abdominal aortic aneurysms.
Ann Surg 1990;212:415-23.
107. Younis L, Stratmann H, Takase B, Byers S, Chaitman BR, Miller
DD. Preoperative clinical assessment and dipyridamole thallium201 scintigraphy for prediction and prevention of cardiac events
in patients having major noncardiovascular surgery and known or
suspect coronary artery disease. Am J Cardiol 1994;74:311-7.
108. Mangano DT, London MJ, Tubau JR Browner WAS, Hollenberg
M, Krupski W, et al. Dipyridamole thallium-201 scintigraphy as
a preoperative screening test: a reexamination of its predictive
potential. Circulation 1991;84:493-502.
109. Baron JF, Mulder O, Bertrand M, Vicaut E, Barre E, Goodet G,
et al. Dipyridamole-thallium scintigraphy and gated radionuclide
angiography to assess cardiac risk before abdominal aortic
surgery. N Engl J Med 1994;330:663-9.
110. Bateman TM, O'Keefe JH Jr, Dong VM, Barnhart C, Ligon RW.
Coronary angiographic rates after stress single-photon emission
computed tomographic scintigraphy. J Nucl Cardiol 1995;2:21723.
111. Nallamothu N, Pancholy SB, Lee KR, Heo J, Iskandrian AS.
Impact on exercise single-photon emission computed tomographic thallium imaging on patient management and outcome.
J Nucl Cardiol 1995;2:334-8.
112. Steingart RM, Wassertheil-Smoller S, Tobin JN, Wexler J, Budner N. Nuclear exercise testing and the management of coronary
artery disease. J Nucl Med 1991;32:753-8.
113. Hachamovitch R, Berman DS, Kiat H, Balrey-Merz N, Cohen I,
Cabicl IC, et al. Gender-related differences in clinical management after exercise nuclear testing. J Am Coil Cardiol 1995;26:
1457-64.
114. Bateman TM, O'Keefe JH Jr, Dong VM, Barnhart C, Ligon RW.
Coronary angiograpbic rates after stress single-photon emission
computed tomography scintigraphy. J Nucl Cardiol 1995;2:21723.
115. Wahl JM, Hakki A-H, Iskandrian AS. Prognostic implications of
normal exercise thallium-201 images. Arch Intern Med 1985;
145:263-56.
116. Pamelia FX, Gibson RS, Watson DD, Craddock GB, Sirowathka
J, Belier GA. Prognosis with chest pain and normal thallium-201
exercise scintigrams. Am J Cardiol 1985;55:920-6.

