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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 im- 
aging 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 ar- 
tery 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 contin- 
ued to mature with development of additional data. 
Contemporaneously, health care has evolved dramati- 
cally, 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 strati- 
fication that have emerged during the past 5 years. 

PATIENTS WITH K N O W N  OR SUSPECTED 
C O R O N A R Y  DISEASE 

Normal Myocardial Perfusion Imaging 

The previous review summarized the outcome of 
3573 patients with normal results of myocardial perfu- 
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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 myocar- 
dial 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 sug- 
gest that even in populations of patients with exercise 
electrocardiographic (ST segment depression) or angio- 
graphic (multivessel disease) markers of poor outcome, 
when myocardial perfusion imaging is normal the prog- 
nosis continues to be benign. 3-s Fagan et al)  reported 
that in 70 patients with a positive exercise electrocar- 
diogram 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 electrocardio- 
graphy (>2 mm ST segment depression) but without 
reversible T1 a°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 myo- 
cardial perfusion imaging is normal in patients with 
documented angiographic coronary disease. The physi- 
cian 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. 
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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 myo- 
cardial infarction) occurred, yielding an annual cardiac 
event rate of 0.7%. This was not significantly different 
from a contemporaneously collected series of 101 pa- 
tients 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 subse- 
quently 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 in- 
farctions 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 angiog- 
raphy. 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 sum- 
marizes 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 estab- 
lished 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- 

Table 1. Ou tcome  of patients with 
angiographic coronary artery disease and normal 
myocardial perfusion imaging 

No. Annual cardiac event 
Study n events rate (%/yr) 

Brown and Rowen 6 75 1 0.75 
AdbeI-Farrah et al. 7 97 3 1.1 
Doat et al. 8 52 2 0,7 
Wahl et al, '~4 8 0 0 
Pamelia et al)15 22 2 3.2 
Younis et al. 18 36 0 0 
Summary 290 8 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 nor- 
mal 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 coro- 
nary 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. Fur- 
thermore, low peak stress level and concurrent use of 
antianginal medications do not appear to result in an 
underestimation of cardiac risk when myocardial perfu- 
sion imaging is normal. The important clinical implica- 
tion 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. 

99m 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 

Cardiac death or 
nonfatal MI (n) (%/yr) p Value 

Antianginal therapy 3/133 1.2 NS (>0.6) 
No antianginal therapy 3/128 1.2 
~-Blocker use 2/77 1.4 NS (>0.6) 
No ~-blocker use 4/184 1.1 
Peak HR (% MPHR) 

>85 4/178 1.2 NS (>0.6) 
<85 2/83 1.2 
>60 6/249 1.3 
<60 (3/12 0 

Final Bruce stage 
23 3/152 1.0 NS (20.6) 
<2 3/109 1.4 
_<1 0/39 0 

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. Re- 
cent data suggest that the prognostic value of 99mTc- 
labeled sestamibi myocardial perfusion imaging will in 
fact be comparable to that of T12°l. ~°-~3 Given the similar 
sensitivity for the detection of coronary artery disease, it 
is not surprising to find that normal 99mTc-labeled ses- 

tamibi 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 under- 
gone 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 di- 
pyridamole-induced ST segment depression. Raiker 
et al. ~I have confirmed these observations, demonstrat- 
ing 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, myocar- 
dial 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 sesta- 
mibi 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 prog- 
nostic value, but this awaits additional data. 

SPECT Imag ing  

The studies described in the previous review that 
have established the prognostic value of myocardial 
perfusion imaging used planar imaging. 1 SPECT imag- 
ing would be expected to have at least as good predic- 
tive 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 undergo- 
ing 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- 
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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 redis- 
tribution 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 2- 
to 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 revers- 
ible 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 prog- 
nosis remains benign, comparable to that of patients 
with a normal T1TM study result. In addition, a pre- 
liminary 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 prog- 
nostic 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 rein- 
jection, 42 changing an imaging protocol to only stress 
and reinjection imaging (omitting standard delayed 

imaging) could result in an underestimation of cardiac 
risk. 

Incremental Value of  Myocardial 
Perfusion Imaging 

Although the prognostic value of myocardial perfu- 
sion imaging is now well established, the recent evolu- 
tion 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 nonin- 
vasive 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°~ imag- 
ing, 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). How- 
ever, the addition of T1 ~°~ data (transient defects) to 
stress electrocardiography nearly doubled the ability to 
predict cardiac events (Figure 2). Thus this study dem- 
onstrated that, although it is more expensive, T1 ~°1 
imaging data greatly increase the ability to predict 
cardiac events compared with stress electrocardio- 
graphic and clinical data alone. 

Subsequently, Iskandrian et al. 47 examined the in- 
cremental 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 per- 
fusion imaging, and cardiac catheterization data), myo- 
cardial perfusion imaging had the greatest predictive 
value. More important, when these variables were evalu- 
ated 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 myocar- 
dial perfusion imaging data than with cardiac catheter- 
ization 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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Figure 2. Incremental prognostic value (depicted by global X 2 on y axis) of tests performed in 
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 electrocar- 
diography, whereas compared with myocardial perfusion 
imaging, the more expensive cardiac catheterization data 
did not. 

More recently, Palmas et al. 48 described the incre- 
mental prognostic value of  exercise SPECT T1TM imag- 
ing 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 clini- 
cal and exercise data, doubling the Z 2 value. 

Thus there is now compelling data that myocardial 
perfusion imaging does more than simply have statisti- 
cally 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 myocar- 
dial perfusion imaging, more expensive cardiac catheter- 
ization 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 pres- 
ence and extent of residual jeopardized viable myocar- 
dium, allowing identification of myocardium and pa- 
tients at risk for future cardiac events. 

It has been routine to perform exercise electrocar- 
diography 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 electrocardi- 
ography has a modest sensitivity for detecting coronary 
artery disease: 60% to 70%. 6°'61 Furthermore, the sensi- 
tivity 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 "indeter- 
minate." 

Stress electrocardiography, particularly when per- 
formed 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 interpre- 
tation of ST segment changes in a patient with prior 
myocardial infarction is frequently limited because ex- 
ercise-induced ST segment elevation may occur in elec- 
trocardiographic 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 exer- 
cise testing after myocardial infarction, 49-58 including 
those reviewed by Froelicher et al., 59 finds that the 
overall sensitivity of ST segment depression for detect- 
ing 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 exer- 
cise-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 ad- 
vantages of myocardial perfusion imaging for risk strati- 
fication 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 re- 
mains 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 Throm- 
bolysis in Myocardial Infarction Phase I163 and Should 
We Intervene Following Thrombolysis 64 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 is- 
chemia or provokable ischemia on stress testing (gen- 
erally 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 hemody- 
namically significant coronary lesion threatening such 
viable myocardium, and (3) jeopardized viable myo- 
cardium 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 strati- 
fication with stress testing (primarily T12°~ imaging). In 
the subgroup undergoing noninvasive risk stratification, 
when provokable ischemia was not present the sub- 
sequent 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 inter- 
vention is unnecessary. 

Several recent studies, however, have suggested that 
risk stratification with myocardial perfusion imaging 

may have less value in the "thrombolytic era" compared 
with studies performed before the introduction of throm- 
b 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%, respec- 
tively. It was concluded that T1 T M  imaging was a weak 
predictor of cardiac events in patients receiving throm- 
bolysis. 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 out- 
come 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 ex- 
pected to have predictive value for cardiac events. T12°' 
imaging was also found to have no significant prognos- 
tic value in 210 patients undergoing coronary angio- 
plasty 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 ac- 
ceptance 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 myo- 
cardial perfusion imaging data underwent coronary re- 
vascularization. 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 Beller 69 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 litera- 
ture have a much lower incidence of three-vessel coro- 
nary artery disease (10%) and prior myocardial infarc- 
tion (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 isease  more l ikely represent pa- 
tient selection bias than any major change in coronary 
demographics in the current " thrombolyt ic  era" com- 
pared 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 be- 
l ieved 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 stratifica- 

tion 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 highest- 
risk 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 exerc i se  24'7~-v3 and he- 
modynamic 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 postin- 
farction, predischarge evaluation, potentially reducing 
cost and preventing early cardiac events. Brown et al. 25 
first reported a series of patients undergoing di- 
pyridamole T12°~ 1 to 4 (mean 2.6) days after myocardial 
infarction. There were no serious adverse effects during 
the dipyridamole protocol. Compared with clinical, elec- 
trocardiographic, 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 com- 
pared with none without infarct zone redistribution. 
With a more extended follow-up to a mean of 33 

months, only one patient without infarct zone redistri- 
bution 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 quanti- 
tative 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 redistri- 
bution 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 com- 
pared with only 9% in patients without significant 
redistribution. These investigations also recently re- 
ported their findings regarding long-term follow-up inan 
expanded population of 146 patients undergoing adeno- 
sine 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 de- 
fect size and extent of reversible defects) had significant 
incremental prognostic value when added to clinical and 
angiographic data, improving the global Z 2 of the pre- 
dictive model by a factor of 2 to 3 (Figure 5). Thus the 
presence and extent of residual jeopardized viable myo- 
cardium detected by vasodilator myocardial perfusion 
imaging performed early after acute myocardial infarc- 
tion 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 myocar- 
dium appeared to be at very low risk for early and late 
cardiac events and may be candidates for early dis- 
charge. 

A preliminary report by Brown et al. 76 described 
the prognostic value of intravenous dipyridamole 99~"Tc- 
labeled 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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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, im- 
proving 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 of- 
fer 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 in- 
farction, 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 fol- 
lowed up for a mean of 15 months after acute myocar- 
dial 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 predic- 
tor of cardiac events. Myocardial perfusion imaging 
retained its prognostic value despite the potential influ- 
ence 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 im- 
aging may be a valuable tool for the management of 
patients with unstable angina, a cohort for whom tradi- 
tional 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, how- 
ever, to distinguish between "unstable" and "stable" 
subgroups of this population. Patients with continuing 
recurrent angina despite medical treatment will obvi- 
ously require coronary revascularization. However, 
many patients who have unstable angina become stabi- 
lized with institution or intensification of medical treat- 
ment. 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 alterna- 
tive. 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 medi- 
cal treatment can reduce the "medically refractory 
rate. ''*° Several randomized trials have failed to demon- 
strate 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, re- 
serving cardiac catheterization for patients with refrac- 
tory 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 submaxi- 
mal exercise T12°1 imaging in patients who were stabi- 
lized 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 electro- 
cardiogram, and cardiac catheterization data for predict- 
ing 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 medi- 
cal treatment who underwent symptom-limited exercise 
T1 ~°1 imaging before discharge. During a mean fol- 
low-up of 39 months, cardiac death or nonfatal myocar- 
dial infarction occurred in seven patients, and 17 addi- 
tional 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 pres- 
ence 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 (annu- 
alized 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 exer- 
cise 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 popula- 
tions. Thus myocardial perfusion imaging may be help- 
ful in distinguishing patients who deserve additional 
intervention from patients who can be managed medi- 
cally 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 pa- 
tients 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 clas- 
sification and frequency of perioperative cardiac events, 
need for preoperative revascularization, or myocardial 
ischemia demonstrated by myocardial perfusion imaging 
in patients undergoing abdominal aortic aneurysm sur- 
gery. 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. Revers- 
ible defects (RD) and reversible defects with multiple vascular 
territories (MVT) had significantly greater sensitivity than had 
chest pain (CP) or ST segment depression during stress. 
*p <0.01 compared with reversible defects and reversible 
defects/multiple vascular territories. **p < 0.05 compared'with 
reversible defects and reversible defects/multiple vascular ter- 
ritories. (Reprinted by permission of The American Journal of 
Cardiology from Travin et al. Am J Cardiol 1995;74:665-9. 
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 devel- 
oped from patient populations with a very low preva- 
lence 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 electrocardio- 
gram 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 pa- 
tients at high risk from those at low risk before noncar- 
diac 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 perfu- 
sion 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°1T1 imaging 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 depres- 
sion.) (Reprinted by permission of The Journal of The Ameri- 
can 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 stratifi- 
cation 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 prog- 
nostic 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 stratifica- 
tion 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 

compared with 0 to 47 without redistribution. Similarly, 
Hendel and Leppo 99 recently reported that in patients 
undergoing vascular surgery the presence of reversible 
T1TM defects substantially increased the risk of periop- 
erative cardiac death or nonfatal myocardial infarction 
by a factor of 4 to 8 with an event rate of 8% to 10% in 
patients who were predicted to have a low cardiac risk 
by clinical criteria proposed by Eagle et al. 31'33 

Extent of Jeopardized Viable Myocardium 

Previous studies in other patient cohorts have dem- 
onstrated 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 myocar- 
dial infarction in patients undergoing noncardiac surgery 
is directly proportional to the extent of jeopardized 
viable myocardium reflected in the number of myocar- 
dial 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 periop- 
erative 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 postdis- 
charge 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 investiga- 
tions, 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°1T1 defects and presence or 
absence of diabetes mellitus. Risk increases incrementally as extent of jeopardized viable 
myocardinm reflected in number of transient 2°1T1 defects 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 periopera- 
tive 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 under- 
going 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 infarc- 
tion 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 dis- 
ease. 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 
revers ible  T12°1 defects and positive stress electrocar- 
diography, 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 non- 
vascular, noncardiac surgery who had undergone preop- 
erative 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 signifi- 
cantly 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 car- 
diac events. Similar to previous observations with vas- 
cular surgery, the authors found that clinical assessment 
may be helpful in identifying patients most appropriate 
for myocardial perfusion imaging. There were no perio- 
perative cardiac events among 45 patients with neither 
significant clinical variable (age or heart failure). How- 
ever, 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 di- 
pyridamole T12°1 imaging. A subgroup of 212 patients 
had clinical or electrocardiographic evidence of coro- 
nary artery disease but were believed to be "stable" and 
did not undergo coronary revascularization before vas- 
cular surgery. However, 12 patients had perioperative 
death or myocardial infarction. There were 28 other 

Table 4. Cardiac risk* stratification for 
noncardiac surgical procedures 

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;93:1278- 
317. 
*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 peri- 
operative cardiac events and termed "unstable." They 
consequently underwent coronary revascularization be- 
fore abdominal aortic aneurysm surgery. No periopera- 
tive cardiac events occurred in this group. More re- 
cently, Younis et al.lo7 evaluated the impact of preop- 
erative risk modification in patients undergoing major 
noncardiovascular surgery. Based on the results of di- 
pyridamole T12°1 imaging (primarily reversible defects), 
preoperative coronary revascularization or medical in- 
terventions were instituted in 36 of 72 patients. Preop- 
erative 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 under- 
going coronary angioplasty before noncardiac surgery 
compared with seven (37%) of 19 patients not undergo- 
ing coronary revascularization before noncardiac sur- 
gery. Although these studies involve small numbers of 
patients and are methodologically flawed, they provide 
some evidence that coronary revascularization or medi- 
cal 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 fol- 
lowed up 60 patients prospectively undergoing elective 
vascular surgery. The results of T1TM imaging were 
blinded to treating physicians and compared with his- 
toric, 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 fre- 
quency of important adverse perioperative outcomes 
(only three perioperative myocardial infarctions or car- 
diac deaths) is a serious flaw. The extremely low inci- 
dence 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 angiogra- 
phy. 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 de- 
scribed 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 investi- 
gators did not evaluate the extent of reversible defects as 
potential predictors of cardiac events. 

ACC/AHA Task Force Recommendation 

Recently, the American College of Cardiol- 
ogy/American Heart Association (ACC/AHA) Task 
Force on Practice Guidelines published their recommen- 
dations for perioperative cardiovascular evaluation for 
noncardiac surgery. These recommendations are summa- 
rized 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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Figure 12. Incidence of perioperative cardiac events includ- 
ing death or myocardial infarction (MI) and all cardiac events 
as function of preoperative intervention. Patients who receive 
preoperative intervention including revascularization or esca- 
lation 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" suggest- 
ing an unstable cardiac status should go to coronary 
angiography and/or have their noncardiac surgery can- 
celled or delayed. The approach to stable patients with 
"intermediate clinical predictors" suggesting a signifi- 
cant 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 pro- 
cedure (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 ap- 
proach 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 pro- 
cedures can go directly to planned noncardiac surgery. 
Patients with poor functional capacity scheduled for 
high-risk procedures should undergo noninvasive test- 
ing. 

In summary, noninvasive stress testing with myo- 
cardial perfusion imaging can clearly determine cardiac 
risk in patients undergoing noncardiac surgery. By in- 
corporating clinical data, including assessment of the 
cardiac risk of a planned procedure and the probability 

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 intermedi- 
ate cardiac risk who will most benefit from the prog- 
nostic power of myocardial perfusion imaging. 

OUTCOME RESEARCH 

In addition to its ability to provide valuable infor- 
mation regarding risk stratification, stress myocardial 
perfusion imaging may see a growing use for providing 
a "gatekeeping" function for more costly invasive pro- 
cedures. 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 imag- 
ing 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. Nalla- 
mothu et al .nl  also found that the results of exercise 
T12m imaging impacted patient management. They fol- 
lowed up 2700 patients for a mean of 37 months and 
found that only 3% of patients with normal T12°1 imag- 
ing 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 coro- 
nary 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. Interest- 
ingly, 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 
revascular iza t ion util ization, 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 docu- 
mented) 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 
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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• Pa- 
tients at low risk for cardiac events determined by a 
normal radionuclide study are rarely referred for addi- 
tional procedures even when clinical data and stress 
electrocardiography suggest a high likelihood of coro- 
nary disease. In contrast, angiography and revascular- 
ization 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 dem- 
onstrating 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 prognos- 
tic value of myocardial perfusion imaging will continue 
to play an important role in patient management. 
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