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  7       Risk Strati fi cation 
and Patient Management       
     Rory   Hachamovitch,          Daniel   Berman,       Leslee   J.   Shaw,    
   Guido   Germano,    and    Jennifer   H.   Mieres              

 Since its beginnings in the early 1970s, clinical nuclear cardiology has evolved substan-
tially, gaining both technical sophistication and enhanced imaging capabilities. 
Importantly, in parallel to these developments, an extensive literature supporting the clin-
ical and cost-effectiveness of this modality has developed. Today, state-of-the-art 
nuclear cardiology allows for the objective measurement of both myocardial function 
and relative regional myocardial perfusion at rest and stress, providing accurate risk 
assessment in a wider variety of patient subsets. This chapter will highlight stress myocar-
dial perfusion single-photon emission CT (SPECT), which currently comprises approxi-
mately 95 % of the procedures performed in this  fi eld. 

 The chapter is organized as follows:  fi rst, there is a discussion of the general concepts 
of risk assessment in chronic coronary artery disease (CAD), including evidence for the 
cost-effective characteristics of stress myocardial perfusion SPECT (MPS) compared 
with alternative strategies without MPS, as well as data supporting the selection of MPS 
in speci fi c patient populations. This discussion is followed by the largest section of the 
chapter, which deals with the current evidence for the use of MPS for risk strati fi cation. 
This is followed by a brief section dealing with the importance of parameters other than 
stress myocardial perfusion defects that impact post-MPS patient risk and estimates of 
risk. The  fi nal portion of this chapter deals with the role of MPS in identifying whether 
patients will have enhanced survival with medical therapy versus revascularization 
based on the results of the MPS study. In this context, the role of gated SPECT ejection 
fraction and the potential importance of validated scores to estimate patient risk will 
be mentioned as well. The conclusion of the chapter addresses the need for the inte-
gration of SPECT results with other clinical data in guiding inpatient management 
decisions. 

 This chapter will be limited to the consideration of stable patients with known or sus-
pected chronic CAD and will focus primarily on stress myocardial perfusion abnormali-
ties, since myocardial viability (predominantly assessed by resting studies) is addressed in 
another chapter. 

 The main use of nuclear cardiology studies for guiding management decisions is deter-
mining which patients with suspected or known coronary artery disease require catheter-
ization with consideration of revascularization. In patients who have “limiting” chest pain 
symptoms, which despite medical therapy affect their well being, nuclear cardiology 
studies play a limited role; they are chie fl y useful for identifying the culprit coronary lesion 
and determining which vessel or vessels might be most appropriate for revascularization. 
Since revascularization has been shown to relieve anginal symptoms in patients with 
CAD, it would not be cost effective to study all patients with limiting symptoms with MPS 
and direct invasive coronary angiography is generally indicated. 

 If revascularization is being considered for purposes of improving prognosis, MPS can 
be helpful in determining whether the patient’s risk is high enough to warrant revascular-
ization. Risk strati fi cation is the most rapidly growing area of application of MPS. The use 
of MPS for this purpose provides a widely accepted new paradigm in patient manage-
ment, which is endorsed by clinical guidelines. A risk-based approach to patients with 
known or suspected CAD is well suited to the current environment, in which cost contain-
ment is of great importance and in which dramatic improvements in medical therapy 
have been developed. In contrast, the approach focusing on simple diagnosis, in which 
patients with suspected disease undergo invasive coronary angiography and then are 
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frequently revascularized based on coronary anatomic  fi ndings, has been shown to be less cost effective. With the 
risk-based approach, the focus is not on predicting who has anatomic CAD but on identifying and separating 
patients at higher risk for a major adverse cardiac event from those who are at lower risk. 

   Pathophysiologic Basis for Risk Assessment in Myocardial Perfusion SPECT 
 The basis for the power of nuclear testing for risk strati fi cation is found in the fact that the major determinants of 
prognosis in CAD can be assessed by measurements of stress-induced perfusion or function. These measurements 
include the amount of infarcted myocardium, the amount of jeopardized myocardium (supplied by vessels with 
hemodynamically signi fi cant stenosis), and the degree of jeopardy (tightness of the individual coronary stenosis). 
An additional important factor in prognostic assessment is the stability (or instability) of the CAD process. This last 
consideration may help explain what appears to be a clinical paradox: Nuclear tests, which in general are 
expected to be positive only in the presence of hemodynamically signi fi cant stenosis, are associated with a very 
low risk of either cardiac death or nonfatal myocardial infarction when normal. In contrast, it has been observed 
that most myocardial infarctions occur in regions with premyocardial infarction coronary plaques causing less than 
50 % of stenosis  [  1,   2  ] . It has been postulated that this paradox may be explained by the different response to stress 
of mild stenosis associated with stable and unstable plaques. For example, it has been shown that mild coronary 
narrowings associated with unstable plaque manifest a vasoconstrictive response to acetylcholine stimulation due 
to abnormal endothelial function, whereas stable, mild coronary lesions respond to acetylcholine with vasodilation 
 [  1  ] . It is possible that factors released during exercise or vasodilator stress may be similar to acetylcholine in terms 
of stimulation of a differential endothelial response in stable and unstable plaques. Thus, beyond the ability to 
de fi ne anatomic stenosis, nuclear tests (by virtue of their assessment of physiology) would be able to discern abnor-
malities of endothelial function associated with high risk, even in the absence of signi fi cant stenosis.  

   Differentiating Outcome Type by Nuclear Test Results 
 Recent evidence in large patient cohorts has revealed that factors estimating the extent of left ventricular dys-
function (left ventricular ejection fraction, the extent of infarcted myocardium, transient ischemic dilation of the 
left ventricle, and increased lung uptake) are excellent predictors of cardiac mortality. In contrast, measurements 
of inducible ischemia are better predictors of the development of acute ischemic syndromes. These include exer-
tional symptoms and electrocardiographic changes, as well as the extent of perfusion defect reversibility and 
stress-induced ventricular dyssynergy. Several recent reports have shown that nuclear testing yields an incremental 
prognostic value over clinical information with respect to cardiac death or the combination of cardiac death and 
nonfatal myocardial infarction as isolated endpoints. By understanding how clinical information and nuclear test 
markers can be used to estimate varying outcomes, it is now possible to tailor therapeutic decision making for an 
individual patient based on the combination of clinical factors and nuclear scan results. For example, a patient 
with severe perfusion abnormalities on their stress imaging may have a  fi ve- to ten-fold higher likelihood of cardiac 
death compared with a patient with a normal MPS. If the defects are stress induced (reversible), therapies known 
to improve survival might be chosen in order to result in an optimized outcome for that patient.
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  FIGURE 7-1 .    De fi nition of nuclear variables. In order to optimize 
the prognostic performance of stress myocardial perfusion 
single-photon emission CT ( SPECT ), it is crucial to maximize the 
information extracted from the images at the time of interpre-
tation. Previous studies have shown that the extent and sever-
ity of reversible hypoperfusion are independent variables in 
predicting subsequent cardiac events in patients with sus-
pected coronary artery disease  [  2  ] . To this end, it is necessary 
to consider the full extent and severity of the abnormality, 
either quantitatively  [  3–  5  ]  or semiquantitatively  [  6  ] , rather 
than simply determining that the nuclear study is normal or 
abnormal. While a 20-segment model was initially widely used 
 [  7  ] , a 17-segment model is currently recommended for all 
forms of tomographic myocardial imaging  [  8  ] . This  fi gure 

diagrammatically represents the segmental division of the 
SPECT slices and assignment of individual segments to indi-
vidual coronary arteries using a 17-segment model. The num-
bers refer to the individual segments. Each segment is scored 
from 0 (normal) to 4 (absent uptake of radioactivity). In order 
to circumvent these issues, we have recently proposed nor-
malizing these variables  [  9  ]  by dividing by the model-depen-
dent maximum potential score and multiplying by 100. The 
result is the percentage of myocardium abnormal with stress, 
 fi xed (nonreversible), and ischemic (reversible) defects, pro-
viding intuitively useful information that will apply to any seg-
mental scoring system.  LAD  left anterior descending coronary 
artery,  LCX  left circum fl ex coronary artery,  RCA  right coronary 
artery.       

 Semiquantitative global indices of hypoperfusion 
  Summed scores  
 SSS = sum of 20/17 stress scores 
 SRS = sum of 20/17 rest scores 
 SDS = SSS − SRS 
 Degree of abnormality by % myocardium stress 
 Normal: SSS a  0–3 (<5 % myo) 
 Mildly abnormal: SSS a  4–7 (5–10 % myocardium) 
 Moderately to severely abnormal: SSS a  >8 (>10 % myocardium) 
   a 17-Segment model  

 TABLE 7-1.    Semiquantitative global indices of hypoperfusion. 
Scoring perfusion defects in each individual segment is use-
ful in deriving summed perfusion parameters, which incor-
porate the global extent and severity of perfusion 
abnormality  [  6  ] . The summed stress score ( SSS ) re fl ects the 
extent and severity of perfusion defects at stress and is 
affected by prior myocardial infarction as well as by stress-
induced ischemia. The summed rest score (SRS) re fl ects the 
amount of infarcted or hibernating myocardium. The 
summed difference score ( SDS ) is a measure of the extent 
and severity of stress-induced ischemia. These global 

perfusion parameters can be considered the perfusion 
analogues of left ventricular ejection fraction, the most 
commonly employed global ventricular function parame-
ter. By incorporating the extent and severity of perfusion 
defect, these global parameters allow an assessment of 
the variables shown in Fig.  7.1  to be incrementally impor-
tant in assessing risk from perfusion scintigraphy. The princi-
pal problem of these summed scores is that their implications 
depend on the particular scoring system employed and 
these implications are not intuitive.  
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  FIGURE 7-3 .    Total perfusion de fi cit ( TPD ). Being intrinsically three-
dimensional and digital, myocardial perfusion abnormalities 
with single-photon emission CT ( SPECT ) or positron emission 
tomography ( PET ) lend themselves to automated quantita-
tive analysis. Several software packages for quantitative 
analysis are commercially available. This  fi gure illustrates the 
TPD that is a computer-derived analogue of the visual per-
cent myocardium that is abnormal by visual analysis, repre-
senting both defect extent and severity of perfusion defect. 
TPD is calculated as the percentage of the total surface area 
of the left ventricle below the prede fi ned uniform average 
deviation threshold  [  10  ]  using quantitative perfusion SPECT 
software ( see  Fig.  7.1 )  [  11  ] . A circumferential pro fi le for one 
short-axis slice is shown with corresponding normal limits  [  9, 
  10  ] . The area below the normal limit curve but above the cir-
cumferential pro fi le curve for a given slice de fi nes the 

perfusion de fi cit in a given slice. These areas are computed 
for all circumferential pro fi les in the myocardium and are 
summed forming TPD. TPD is measured at stress and rest, and 
ischemic TPD is calculated from the difference (stress TPD 
minus rest TPD). The reproducibility thresholds for quantitative 
stress, rest, and ischemic TPD have been reported to all be 
less than 7 % and smaller than the thresholds for visual percent 
myocardium abnormal (10–13 %)  [  12  ] , suggesting that this 
type of objective, quantitative assessment of ischemia may 
be more effective in assessing the effects of therapy in indi-
vidual patients than visual analysis alone. Ischemic TPD was 
the variable used in the Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Evaluation (COURAGE) 
nuclear substudy to evaluate baseline ischemia and the 
change in ischemia after therapy ( see  Fig.  7.44a  and  b ) 
(Adapted from Berman et al.  [  9  ] ).       
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  FIGURE 7-2 .    Comparison of the percent myocardium with abnor-
mal perfusion at stress (% myocardium stress) derived from 
myocardial perfusion single-photon emission CT analyzed with 
either 20-segment or 17-segment approaches. In a population 
of 16,020 patients with known or suspected coronary artery dis-
ease followed for 2.1 years, equally effective prognostic 

assessment regarding cardiac death ( CD ) was shown with the 
two models. The summed stress score values shown for normal, 
mildly abnormal, and moderately to severely abnormal were 
those used in prognostic studies using the 20-segment model. 
A slight modi fi cation would be appropriate for the 17-segment 
model (Adapted from Berman et al.  [  6  ] ).       
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  FIGURE 7-4 .    Example of a patient with a small stress perfusion 
defect resulting in a mildly abnormal summed stress score. The 
patient is a 69-year-old man with atypical angina. The only risk 
factor for coronary disease was hypercholesterolemia. The 
patient exercised for 7 min and 20 s to a heart rate of 139 (92 % 
of maximal predicted) and had a normal blood pressure 
response. He developed minimal chest discomfort during stress, 
which was considered to be equivocal for an ischemic 
response. The electrocardiogram response to stress was 

normal. Exercise stress  99m Tc-sestamibi (ST MIBI) and rest  201 Tl (rest 
Tl) images are interlaced in the alternate rows, which show 
short-axis images ( top two rows ), vertical long-axis images 
( middle two rows ), and horizontal long-axis images ( bottom 
two rows ). The images reveal a small to moderately sized 
defect in the distal anterior left ventricular wall with sparing of 
the interventricular septum and the apex. This pattern is classic 
for the territory of the mid to distal portion of the diagonal 
branch of the left anterior descending coronary artery.       
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  FIGURE 7-5 .    Quantitative perfusion single-photon emission CT 
analysis of the patient shown in Fig.  7.4 , indicating the pres-
ence of a small perfusion defect in the diagonal coronary ter-
ritory. The summed stress score ( SSS ) that was attributed to the 
images in this  fi gure is illustrated in the  upper right corner . The 

SSS of 9 indicates a moderate abnormality ( see  Table 7.1). The 
quantitative total perfusion de fi cit is 11 %. The typical diagonal 
territory location is shown in the two-dimensional ( middle 
panel ) and three-dimensional ( right panel ) images at stress 
with a normal quantitative pattern at rest.       
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  FIGURE 7-6 .    Example of a patient with a severe and extensive 
stress-induced perfusion defect. A 69-year-old man with atypi-
cal chest pain who had hypertension and diabetes as risk fac-
tors as well as left ventricular hypertrophy on resting 
electrocardiogram ( ECG ) exercised for 5 min to a heart rate of 
139 (87 % of maximal predicted). The patient did develop chest 
discomfort and had an ischemic ECG response to stress. There 
was no exercise hypotension. Exercise stress  99m Tc-sestamibi (ST 

MIBI) and rest  201 Tl (rest Tl) images are interlaced in the alternate 
rows, which show short-axis images ( top two rows ), vertical 
long-axis images ( middle two rows ), and horizontal long-axis 
images ( bottom two rows ). The myocardial perfusion single-
photon emission CT study reveals a severe perfusion defect 
throughout the distribution of the left anterior descending coro-
nary artery.       
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  FIGURE 7-7 .    Quantitative perfusion single-photon emission CT 
analysis of the patient in Fig.  7.6 . The summed stress score is 
very high at 24, the summed rest score is low at 2, and the 
summed difference score is 22. The total perfusion de fi cit ( TPD ) 
measurements revealed that 40 % of the left ventricle is abnor-
mal after stress, corresponding to the entire left anterior 
descending coronary artery ( LAD ) territory. The resting TPD was 
5 %. Note that 40 % is generally considered the proportion of 
the myocardium supplied by the LAD. Thus, the  fi ndings are 

predictive of a proximal stenosis of the LAD and the severity of 
the perfusion defect allows the interpreter to state that the 
proximal LAD is likely to have a critical stenosis (>90 %)  [  13,   14  ] . 
In this study, the  fi nding of transient ischemic dilation of the left 
ventricle, measured at 1.43  [  11  ] , is an ancillary  fi nding associ-
ated with severe and extensive coronary artery disease. At 
catheterization the patient was found to have a 100 % proxi-
mal stenosis of the LAD, a 60 % circum fl ex lesion, and a 50–60 % 
midright coronary artery stenosis.       
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  FIGURE 7-8 .    Incremental prognostic value of myocardial perfu-
sion single-photon emission CT ( MPS ) results over anatomic and 
clinical data. Borges-Neto et al.  [  15  ]  examined the incremental 
value of stress MPS over clinical and catheterization data in 
3,275 patients who were followed for 3.1 years for death, car-
diovascular death, and a composite of cardiovascular death 
or nonfatal myocardial infarction. This study constitutes the larg-
est dataset accumulated with both anatomic and MPS data 
with follow-up. Using these patients, Cox proportional hazards 
regression models were developed for the prediction of all-
cause death, cardiovascular death, and hard events (cardio-
vascular death or nonfatal myocardial infarction). Based on 
these models, a one-unit change in the summed stress score 
was found to be associated with increased risks of 4, 7, and 5 % 
for death, cardiovascular death, and death or nonfatal myo-
cardial infarction, respectively. With respect to incremental 
value, the results of Cox proportional hazards modeling of 

 all-cause death and cardiac death are shown, with the strength 
of various models depicted by their global chi-square. First, the 
addition of anatomic data from catheterization added incre-
mental prognostic value over clinical data alone in the setting 
of both endpoints. Further, even after adjusting for clinical and 
anatomic data, the addition of stress MPS results added further 
incremental value with respect to prediction of both of these 
endpoints. Importantly, these results support the concept that 
the physiologic data contributed by MPS yields additive infor-
mation that is not available from the assessment of anatomic 
data alone. Thus, a patient-management strategy of direct 
referral to catheterization, or an approach of revascularization 
without consideration of physiologic data, would result in some 
patients who are undergoing unnecessary and inappropriate 
procedures, while other patients who, on the basis of MPS data, 
may bene fi t from an intervention may not receive one (Adapted 
from Borges-Neto et al.  [  15  ] ).       
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  FIGURE 7-9 .    Outcomes and referral rates to catheterization in 
patients with stable chest pain from the Economics of Noninvasive 
Diagnosis (END) study group  [  12  ] . In this study of 11,372 consecu-
tive stable angina patients who were referred for stress myocar-
dial perfusion tomography or cardiac catheterization, composite 
3-year costs of care and patient outcomes were compared as a 
function of two strategies: invasive (direct referral to cardiac 
catheterization without stress imaging) versus conservative (initial 
stress myocardial perfusion tomography and selective catheter-
ization of high-risk patients). After matching patients referred to 
these two procedures by their pretest clinical risk of coronary dis-
ease, comparisons of aggressive and conservative testing strate-
gies revealed that no difference in the rates of cardiac death or 
nonfatal myocardial infarction ( MI ) was present between these 
two groups, suggesting similar quality care. Signi fi cantly, the costs 
of care were higher for invasive care (direct cardiac catheteriza-
tion) in all clinical risk subsets compared with the costs associated 

with conservative care (stress myocardial perfusion imaging plus 
selective catheterization). Importantly, note that the difference 
in cost between the strategies did not reach signi fi cance in the 
low-risk patient subset. The cost savings identi fi ed in the interme-
diate- and high-risk patient subsets were accrued predominantly 
by preventing a referral to catheterization in patients without 
signi fi cant myocardial perfusion single-photon emission CT ( MPS ) 
abnormalities. This is borne out by signi fi cant differences in  normal 
catheterization rates (in the subset of patients referred to cathe-
terization) between the two strategies examined, suggesting 
that MPS aids in the identi fi cation of the appropriate candidate 
for the catheterization laboratory. Hence, the use of a strategy 
incorporating MPS as an initial test results in improved cost-effec-
tiveness without compromise of patient outcomes. This  fi nding 
supports the use of MPS as a reasonable alternative to catheter-
ization in patients presenting with stable angina (Adapted from 
Shaw et al.  [  12  ] ).       
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  FIGURE 7-10 .    Cost-effectiveness ratios (costs of testing per hard 
event [ HE ] identi fi ed) in patients with low pre–exercise toler-
ance test ( ETT ) likelihood of coronary artery disease ( CAD ), 
patients with low post-ETT likelihood of CAD, and patients with 
intermediate to high post-ETT likelihood of CAD.    While the 
 previous  fi gures support the role of myocardial perfusion 
 single-photon emission CT ( MPS ) as providing added prognos-
tic value, as well as cost-savings when appropriately utilized 
before catheterization referral, which patients are optimal 
candidates for MPS is also an important question to address. In 
a seminal study, Berman et al.  [  16  ]  examined the incremental 
prognostic implications of normal and equivocal exercise MPS 
results, its incremental prognostic value, and cost implications 
in 1702 patients without prior revascularization who were 
 followed for 20 ± 5 months. When the complete spectrum of 
MPS results were considered, MPS yielded incremental prog-
nostic value, as demonstrated by enhanced risk strati fi cation, 

in all patient subgroups analyzed (low, intermediate, and high 
likelihood of CAD) (results not shown). However, MPS was cost 
effective only in patients with interpretable exercise electro-
cardiogram ( ECG ) responses and an intermediate to high 
post-ETT likelihood of CAD and in those with uninterpretable 
exercise ECG responses and an intermediate to high pre-ETT 
likelihood of CAD. This study demonstrates the impact of 
patient selection for MPS on the clinical and cost-effective-
ness of testing. The referral of patients identi fi ed as low risk by 
clinical evaluation (low pre-ETT likelihood of CAD) or by ETT 
(low post-ETT likelihood of CAD) results in excess costs with a 
minimal impact on the identi fi cation of at-risk patients (since 
so few patients are reclassi fi ed with respect to risk in these 
patient subsets). On the other hand, MPS can be a cost-effec-
tive test if patients at adequate risk are referred (Data from 
Berman et al.  [  16  ] ).       

 

 



Risk Stratification and Patient Management  257

R
ec

la
ss

ifi
ed

, %

50

40

20

10

30

0

25,000

20,000

15,000

10,000

5,000

0
Anatomic
(LM/3VD)

$20,550

3 %

40 %

$5,417

Outcomes
(Hard events)

$ per classification

  FIGURE 7-12 .    Cost-effectiveness of myocardial perfusion single-
photon emission CT ( MPS ) in reclassifying patients’ likelihood of 
high-risk coronary artery disease ( CAD ). Although risk-based 
patient-management strategies have gained widespread 
acceptance, many studies still focus on anatomic endpoints 
for the assessment of MPS. While it is generally assumed that 
the two are reasonable alternatives, the test performance 
characteristics of stress MPS are distinctly different when 
assessed using an anatomic versus a prognostic endpoint. In 
1994, the Mayo Clinic group examined the cost-effectiveness 
of stress MPS for identifying patients with high-risk anatomic 
CAD in a cohort of 411 patients with normal resting electrocar-
diograms ( ECG s) and no prior CAD who underwent exercise 
MPS and were subsequently referred to catheterization  [  17  ] . 
The analytic approach they utilized was to determine each 
patient’s likelihood of having high-risk anatomic CAD (left main 
[ LM ] or three-vessel [3VD] CAD) on the basis of pre-MPS data 
and assess how many patients’ likelihood were reclassi fi ed on 
the basis of MPS data  [  17  ] . These investigators found that 
although there was a signi fi cant reclassi fi cation achieved by 
single-photon emission CT ( SPECT ) over pre-SPECT data, the 
number of patients reclassi fi ed by SPECT (3 % of all patients) did 

not justify the cost accrued, as evidenced by an unaccept-
ably high cost-effectiveness ratio. They concluded that 
although MPS could reclassify patients’ likelihood of high-risk 
CAD, it failed to do so in a cost-effective manner; hence, it 
should not be used in patients with normal rest ECG without 
prior CAD. Interestingly, the Cedars–Sinai group examined this 
same population (no prior CAD, normal rest ECG) using the 
same analytic approach (the ability of MPS data to reclassify 
patients’ likelihood of an outcome) but used outcomes (car-
diac death, nonfatal myocardial infarction) rather than an 
anatomic endpoint  [  18  ] . With respect to this prognostic end-
point, the investigators found that SPECT reclassi fi ed a far 
greater proportion of patients with respect to their risk of 
adverse outcomes (40 %), thus doing so at less than one-third 
the cost of an anatomic-based approach. Hence, stress SPECT 
appears to have far greater clinical and cost-effectiveness in 
the context of an outcome than an anatomic endpoint. Of 
note, the cost-effectiveness of SPECT with respect to this prog-
nostic endpoint demonstrated this superiority only when 
patients with intermediate to high risk were examined. The 
inclusion of low-risk patients, as described previously, compro-
mised the clinical and cost-effectiveness of SPECT.       
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  FIGURE 7-11 .    Successive testing to optimize outcomes and cost. 
Based on the data from Berman et al.  [  16  ]  presented above, a 
potential strategy of successive testing can be hypothesized to 
optimize outcomes and cost. As shown, a signi fi cant number of 
patients presented to clinical evaluation ( n  = 1,282). Clinical 
evaluation alone would have identi fi ed 43 % of the patients in 
this cohort as low risk (0.5 % hard event rate over 20 months) 
and not in need of further testing. Similarly, the use of exercise 
tolerance testing ( ETT ) as the second-line test in the intermedi-
ate to high clinical risk patients would have identi fi ed an addi-
tional 231 patients as not needing further testing (31 % of the 
intermediate- to high-risk patients, 18 % of the total). This 
approach would have reduced the number of patients 
referred to myocardial perfusion single-photon emission CT 
( MPS ) from 1,282 to 503, as shown. The low risk associated with 

a normal study would have identi fi ed an additional 274 patients 
(54 % of MPS patients) as low risk and not in need of further 
evaluation. Thus, of 1,282 patients originally referred to MPS, a 
successive testing strategy may have avoided 39 % of all the 
MPS performed in these patients (the 779 patients identi fi ed as 
low risk by pre-MPS assessment). As importantly, only 229 
patients who were at greater risk (7.9 % hard event rate) would 
be referred on to catheterization, resulting in a considerable 
potential cost saving. Thus, a strategy of successive evalua-
tions, with the evaluations of increasing sophistication and cost 
at each step, results in reduced cost with adequate 
identi fi cation of at-risk patients. This approach ensures both the 
cost-effectiveness of MPS as a modality within a strategy as 
well as that of the testing strategy as a whole (Data from 
Berman et al.  [  16  ] ).       
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  FIGURE 7-13 .    Identi fi cation of the appropriate candidate for stress 
imaging. This  fi gure shows the initial decision node in the evalu-
ation of patients with known or suspected coronary artery dis-
ease ( CAD ). The  fi rst clinical step is the determination of a 
patient’s pretest likelihood of CAD or their pretest risk of adverse 
events. In patients with low likelihood or risk, the clinical ques-
tion is primarily whether the patient is a candidate for primary 
versus secondary prevention and whether further testing (e.g. ,  
atherosclerosis assessment) would be necessary. Patients at 

intermediate or high likelihood of risk are appropriate candi-
dates for ischemia evaluation. Although this approach appears 
straightforward, the challenge facing physicians is how to 
accurately and reliably estimate patients’ likelihood of CAD or 
the risk of adverse events. This process is complicated by the 
numerous factors that potentially impact on these estimates. 
These factors include cardiac risk factors, demographic char-
acteristics, biomarkers, and results of other testing, just to name 
a few.       
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  FIGURE 7-14 .    Hard event rates after normal myocardial perfusion 
single-photon emission CT ( MPS ) ( yellow line ) and relative risks 
associated with abnormal versus normal MPS in the 12 prognos-
tic studies cited by the 2003 Radionuclide Guidelines. To date, 
there is an extensive literature base for examining risk after a 
normal stress MPS, with most studies reporting rates of hard 
events (cardiac death or nonfatal myocardial infarction) of less 
than 1 % per year of follow-up  [  19,   20  ] . This level of risk has been 
described to be independent of gender, age, symptom status, 
past history of coronary artery disease ( CAD ), presence of ana-
tomic CAD, imaging technique, or isotope ( 201 Tl or  99m Tc-sesta-
mibi)  [  15  ] . Two important concepts in understanding how well 
MPS ful fi lls the basic requirements of risk strati fi cation are shown 

in this  fi gure. First, the risk of hard events after a normal MPS is 
relatively low ( right Y axis ; < 1 % in 10 of the 12 studies cited). 
Indeed, these guidelines also pool data from 16 studies,  fi nding 
that in over 27,000 patients followed for a mean of 26.8 months, 
the annualized hard event rate was only 0.6 %. The relative risk 
associated with an abnormal MPS ranges from 3 to 14 in these 
studies ( left Y axis ), indicating that MPS successfully aggregates 
or concentrates risk in patients with abnormal studies relative to 
normal studies, resulting in the former being of far greater risk 
than the latter. The identi fi cation of low risk with a normal study 
and the reclassi fi cation of higher risk patients with abnormal 
studies are two of the most basic characteristics of risk 
strati fi cation with tests (Data from Klocke et al.  [  19  ] ).       
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  FIGURE 7-16 .    Prediction of myocardial infarction ( MI ) versus 
cardiac death ( CD ) by myocardial perfusion single-photon 
emission CT ( MPS ). The extent of abnormality of the MPS 
provides important additional information regarding risk. 
The annualized cardiac death rate and MI rate of a large 
group of patients undergoing stress MPS (two-thirds exer-
cise stress, one-third adenosine stress) is shown. There was a 
progressive increase in the CD rate as a function of the 
extent and severity of perfusion defect, as shown. In con-
trast, while the rate of nonfatal MI was low when the scans 
were normal, it increased abruptly even when a mild myo-
cardial perfusion defect was noted (Adapted from 
Hachamovitch et al.  [  23  ] ).       
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  FIGURE 7-15 .    Event risk with abnormal scans. Numerous studies to 
date have described a direct relationship between increasing 
the extent and severity of scan abnormality and increasing 
patient hard event or cardiac mortality risk  [  18,   20–  33  ] . This 
 relationship, illustrated conceptually here, has been shown to 
be present irrespective of the type of stress performed, the 
patient cohort examined (with respect to clinical characteris-
tics or history of coronary artery disease [ CAD ]), or the particu-
lar radiopharmaceutical employed. A decreased slope in the 
increase in mortality with increasing extent/severity of perfu-
sion defect is probably primarily related to the referral of the 

most ischemic patients to revascularization, resulting in censor-
ing from the prognostic evaluation of the patients at highest 
risk. Manuscripts have been written in large patient popula-
tions covering each of the speci fi c subsets listed in this  fi gure. 
While the number of risk-strati fi cation manuscripts is a strength 
of nuclear cardiology compared with other modalities, the 
current data supporting this application are based on large 
observational series.  CABG  coronary artery bypass graft,  DM  
diabetes mellitus,  PTCA  percutaneous transluminal coronary 
angioplasty.       
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 High-risk coronary heart disease (equivalent) populations a  
 Known ischemic heart disease 
  Stable coronary artery disease 
  Post-MI/acute coronary syndrome 
  Post-PCI/CABS 
 Known vascular disease 
  Preoperative screening for noncardiac surgery 
  Peripheral artery disease/CVD 
 CHD risk equivalent 
  Diabetic patients 
 Degree of comorbidity 
  Elderly 
  Pharmacologic stress 
  Functionality impaired 
  Chronic kidney disease 
 Clustering risk factors 
  Metabolic syndrome 
  Intermediate FRS and coronary calcium score 
  High C-reactive protein 
   a Includes cohorts whose cardiac event risk is equivalent to the population with existing ischemic heart disease (i.e., 10-year 
risk of cardiac death or nonfatal MI of 20 % or greater)  

 TABLE 7-2.    High-risk coronary heart disease ( CHD ) (equiva-
lent) populations. Over time, there has been growing sup-
port for the de fi nition of  high risk  that now includes the 
cohort with established coronary disease as well as those 
whose event risk is equivalent to that of patients with 
obstructive coronary disease. This table delineates the seg-
ments of the population that may be considered as risk-
equivalent cohorts. 

 The notion of de fi ning patient cohorts who are CHD risk 
equivalents was initially introduced by the National 
Cholesterol Education Panel Adult Treatment Program III 
when it delineated diabetic patients as being risk equiva-
lent, with an ensuing event rate over 10 years of 20 % or 
higher  [  2  ] . In addition, the table details a number of high-risk 
patient subsets by categories, including those for patients 
with extracardiac atherosclerosis and those who have clus-
tered risk factors. There are also subsets of patients who, by 

their extensive comorbidity, have an elevated risk, including 
the elderly, those with chronic kidney disease, and—a char-
acteristic notable for any stress-testing laboratory—those 
who are functionally impaired. Functional impairment is a 
risk factor that is becoming more and more common with 
the epidemic of obesity and diabetes in the USA. For a sin-
gle-photon emission CT laboratory, this potentially encum-
bers up to half of a referral population. Functional impairment 
is a surrogate marker for an aggregation of risk factors that 
act to limit a patient’s abilities to perform maximal exercise. 
This is perhaps the most overlooked risk factor in a patient’s 
clinical history. Thus, physicians should take care to discern 
a patient’s physical work capacity and to decide on the 
use of pharmacologic stress in patients who have limited 
exercise abilities.  CABS  coronary artery bypass surgery,  CVD  
cardiovascular disease,  FRS  Framingham risk score,  PCI  per-
cutaneous coronary intervention.  

<0.15

601n = 157 440 266 90 148

0.15–0.85 >0.85

E
ve

nt
s/

ye
ar

 (
C

D
 o

r 
M

I)
, %

0

2

4

6

8
Normal (SSS < 4)
Abnormal (SSS ≥ 4)

2.3

0.3

4.7

00

6.5
  FIGURE 7-17 .    Incremental prognostic value of stress myocar-
dial perfusion single-photon emission CT ( MPS ) as a function 
of prescan likelihood of coronary artery disease ( CAD ). In a 
study of 1702 patients undergoing  99m Tc-sestamibi imaging, 
a normal scan was associated with a very low (0.2 %) likeli-
hood of cardiac death ( CD ) or myocardial infarction ( MI ) 
over a 20-month period. This  fi gure illustrates the rate of CD 
or nonfatal MI throughout the follow-up period as a func-
tion of single-photon emission CT results and pre-MPS likeli-
hood of CAD (low likelihood, <0.15; intermediate likelihood, 
0.15–0.85; high likelihood, >0.85). These results demonstrate 
that MPS could be used for prognostic purposes throughout 
the range of likelihood of CAD and that the greatest impact 
was in the patients with a high likelihood of CAD.  SSS  
summed stress score (Adapted from Berman et al.  [  16  ] ).       
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  FIGURE 7-18 .    Risk strati fi cation in patients with a high pretest likeli-
hood of coronary artery disease ( CAD ). Appropriate patient 
selection is the  fi rst important step in cost-effective risk 
strati fi cation. Traditionally, anatomic endpoints have served as 
the basis of patient-management strategies. In this context, 
the principle guiding the decision to use noninvasive testing in 
patients with suspected CAD was the patient’s pretest likeli-
hood of angiographically signi fi cant CAD  [  34  ] . For diagnostic 
purposes, in accordance with Bayes’ theorem, only patients 
with an intermediate likelihood of CAD are considered candi-
dates for exercise treadmill testing, because in this range the 
results would reclassify patients as having either a low likelihood 
(not in need of further testing) or a high likelihood (in need of 
angiography to determine the suitability for revascularization). 
This approach is embodied in multiple American College of 
Cardiology/American Heart Association guidelines in which 
stress testing, with and without stress imaging, is considered a 
class IIb indication (usefulness/ef fi cacy is less well established 
by evidence/opinion) for diagnostic testing in patients with 
either a high or low pretest probability of CAD  [  24,   35,   36  ] . In an 
outcomes- or risk-based strategy, intermediate-risk patients 
would be referred to testing in a pattern similar to the referral of 
intermediate likelihood of CAD patients in an anatomic-based 
strategy. In an anatomic strategy, patients with a high likeli-
hood of CAD would be referred for invasive coronary angiog-
raphy. However, in an outcomes-based strategy, such patients 
would be referred for stress imaging rather than catheteriza-
tion, based on the assumption that (1) a normal myocardial 

perfusion single-photon emission CT ( MPS ) result would identify 
them as low risk despite the high likelihood of anatomic CAD 
and (2) a suf fi cient majority of patients with high pre-MPS likeli-
hood of CAD would have normal MPS so that the use of single-
photon emission CT in this scenario would be cost effective. A 
validation of an outcomes-based approach to the use of MPS 
was  fi rst evaluated in 1,270 consecutive patients with no previ-
ous revascularization or myocardial infarction who had a pre–
exercise tolerance test ( ETT ) likelihood of CAD less than 0.85 
and were followed for 2.2 ± 1.2 years  [  37  ] . As shown in the  fi gure, 
a normal MPS was associated with low risk (0.3 % cardiac death 
[ CD ] per year, 0.7 % hard event [ HE ] rate/year), with a signi fi cant 
increase in risk with worsening MPS results. Further, 630 of the 
1,028 patients (61 %) included in the survival analysis had nor-
mal MPS despite their high likelihood of CAD. A strategy of ini-
tial MPS in patients able to exercise was more cost effective 
than a strategy of initial ETT followed by MPS only in the patients 
with an intermediate to high post-ETT likelihood of CAD. Also, 
although the subset of patients with interpretable rest electro-
cardiograms were risk strati fi ed by ETT without imaging, only a 
small proportion of these patients were reclassi fi ed as suf fi ciently 
low risk that no further testing was required. Hence, ETT without 
imaging was considered to be unlikely to be clinically ef fi cient 
in practice. Finally, MPS was also a superior strategy to initial 
catheterization in these patients. Hence, it appears that a risk-
based strategy is valid and probably more clinically effective 
and cost effective than a traditional anatomic-based strategy. 
 NL  normal (Adapted from Hachamovitch et al.  [  37  ] ).       
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  FIGURE 7-20 .    Hard event rate as a function of summed stress 
score ( SSS ) and Duke treadmill ( TM ) score. In patients with 
interpretable stress electrocardiograms ( ECGs ), it has been 
demonstrated that the Duke TM score can separate patients 
into low, intermediate, and high risk of cardiac events. Thus, 
current guidelines suggest beginning with a stress ECG in these 
patients  [  38  ] . However, nuclear testing is recommended as 
useful in the patients with intermediate- or high-risk Duke TM 
scores. Stress myocardial perfusion single-photon emission CT 
( MPS ) studies further risk stratify patients within each of these 
Duke TM score categories  [  22  ] . All patients examined had no 
known coronary artery disease (patients with prior catheter-
ization, myocardial infarction [ MI ], or revascularization were 
excluded). The hard event (cardiac death or MI) rate as a 
function of the Duke TM score category and the nuclear scan 

results (summed stress score [ SSS ]) are illustrated. The normal, 
mild, and severe SSS categories are based on the subgroups 
of percent myocardium abnormality at stress described in 
Table 7.1. For purposes of this study, due to small patient num-
bers, those patients with moderate to severe SSS were cate-
gorized as severe. Overall, patients with a low-risk Duke TM 
score had such a low rate of cardiac events that it would not 
be cost effective to study them for prognostic purposes. 
Additionally, since patients with a high-risk Duke TM score usu-
ally undergo catheterization, these patients are generally not 
sent for further nuclear testing. However, 55 % of the popula-
tion had the intermediate-risk Duke TM score with a cardiac 
event rate of 2.5 %. Thus, MPS provided excellent strati fi cation 
of these patients with respect to risk of hard event  [  22  ]  
(Adapted from Hachamovitch et al.  [  22  ] ).       
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  FIGURE 7-19 .    Stress myocardial perfusion single-photon emission 
CT ( MPS ) in a patient with a high likelihood of coronary artery 
disease. The patient, a 71-year-old woman, had chronic, mild 
typical angina pectoris and a history of hypertension. Being 
unable to exercise, she had an adenosine stress for the MPS 
and showed normal clinical and electrocardiographic 
responses. Stress  99m Tc-sestamibi (ST MIBI) and rest  201 Tl (rest Tl) 
images are interlaced in the alternate rows, which show short-

axis images ( top two rows ), vertical long-axis images ( middle 
two rows ), and horizontal long-axis images ( bottom two rows ). 
The MPS images are entirely normal. With this result, the patient 
was treated medically. Eleven years following the initial stress 
imaging study, the patient remained free from cardiac cathe-
terization and free from cardiac events, and a repeat adenos-
ine MPS remained normal.       
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  FIGURE 7-21 .    Long-term outcome of 4,649 patients (pooled from 
four institutions) with an intermediate-risk exercise electrocar-
diogram based on the Duke treadmill score and no or minimal 
stress myocardial perfusion defects. The mortality rate is 
extremely low for patients with no stress myocardial perfusion 
defect (Adapted from Gibbons et al.  [  39  ] ).       
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  FIGURE 7-22 .    Risk strati fi cation with single-photon emission CT 
( SPECT ) imaging. A  fi rst step in applying the current evidence 
on risk strati fi cation with SPECT imaging results to a given popu-
lation is to understand what the baseline risk is for any given 
patient cohort  [  40  ] . Using this  fi gure, one can visualize that risk 
strati fi cation is effective for low- to high-risk SPECT results across 
a spectrum of population event rates. Although it is noted that 
the general risk for a suspected disease population is fewer 
than 2 % per year for coronary heart disease death or nonfatal 
myocardial infarction  [  40,   41  ]  of this group, there are speci fi c 
high-risk patient subsets, including diabetic individuals and the 
elderly, to name a few. Thus, this  fi gure depicts generalities of 
risk that allow physicians to grasp the idea of risk strati fi cation, 
even if it may not necessarily be applied to all patient cohorts 
 [  40  ] . Based on the application of risk strati fi cation in this  fi gure, 

women are unique in that a large proportion falls into the low-
risk end of the spectrum. However, diabetic and elderly women 
and men, and probably those with the metabolic syndrome, 
form a very high-risk subset whose annual event risk is decid-
edly high. For African American and Hispanic patients with 
multiple risk factors, the risk of events is also elevated when 
compared with white, non-Hispanic patients. With regard to 
minority patient populations, physicians should take care to 
also consider nonclinical factors that may elevate a patient’s 
risk, including delays in healthcare seeking and treatment, the 
absence of a regular source of care, and other  fi nancial hur-
dles that may render patients at greater risk on presentation to 
a SPECT imaging laboratory.  CAD  coronary artery disease 
(Adapted from Shaw and Iskandrian  [  40  ] ).       

 Nuclear cardiology for risk strati fi cation in chronic CAD: 
speci fi c patient subsets 
 Nuclear testing has been shown to be effective for risk 
strati fi cation in several relevant subsets: 
  Women 
  Elderly people 
  People who have diabetes 
  LBBB, LVH 
  Intermediate Duke treadmill score 
  After coronary angiography 
  Post-MI 
  After PCI, CABG 

 TABLE 7-3.    Nuclear cardiology for risk strati fi cation in chronic 
coronary artery disease (CAD). Nuclear cardiology has 
been shown to be effective for risk strati fi cation in several 
relevant clinical subsets. Several randomized trials in prog-
ress should provide a higher level of evidence for this risk-
strati fi cation application.  CABG  coronary artery bypass 
grafting,  LBBB  left bundle branch block,  LVH  left ventricular 
hypertrophy,  MI  myocardial infarction,  PCI  percutaneous 
coronary intervention (Data from Klocke et al.  [  19  ] ).  
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  FIGURE 7-23 .    Prognostic value of summed stress scores ( SSS ) in 
sestamibi single-photon emission CT ( SPECT ) in diabetic 
patients. Risk strati fi cation using myocardial perfusion SPECT 
( MPS ) has been proven effective in a variety of patient sub-
groups, most importantly among diabetic patients. This  fi gure 
illustrates the hard cardiac event-free survival rate in patients 
with diabetes mellitus ( DM ) and patients without diabetes 
mellitus (no DM) categorized by the SSS as normal (SSS < 4) ( a ), 
mildly abnormal (SSS 4–8) ( b ), and moderately to severely 
abnormal (SSS > 8) ( c ). The study was comprised of 1,271 
patients with diabetes and 5,862 patients without diabetes 
who underwent dual-isotope (rest  201 Tl/poststress  99m Tc) MPS. 
After risk adjustment for the pre-scan likelihood of coronary 
artery disease, inability to exercise (requiring pharmacologic 
stress), history of coronary artery disease, and SSS, the patients 
with diabetes had a lower event-free survival in each of the 
SSS categories compared with the patients without diabetes 

(all  P  < 0.001). Given this result, a diabetic patient with only 
mildly abnormal myocardial perfusion scan results might be 
considered for cardiac catheterization in the presence of 
minimal symptoms, whereas in general, patients with only 
mildly abnormal scans might be considered appropriate for 
aggressive medical management without catheterization 
 [  23,   38,   42  ] . Similar results were obtained in a smaller diabetic 
population from a multicenter registry  [  32  ] . More recent data 
from the Detection of Ischemia in Asymptomatic Diabetics 
(DIAD) study  [  35  ]  and the Clinical Outcomes Utilizing 
Revascularization and Aggressive Drug Evaluation (COURAGE) 
trial  [  44  ] , however, would suggest that such a referral might 
not be appropriate unless there is extensive and severe isch-
emia. Data from the Bypass Angioplasty Revascularization 
Investigation (BARI 2D) will provide important information 
regarding the use of MPS in risk strati fi cation in diabetic 
patients (Adapted from Kang et al.  [  31  ] ).       
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  FIGURE 7-24 .    Risk of adverse events after a normal myocardial 
perfusion single-photon emission CT ( MPS ) study: variation with 
underlying patient characteristics. More recently, published 
prognostic studies performed in patients undergoing pharma-
cologic stress, a population with more comorbidities and at 
higher risk than patients undergoing exercise stress, have 
reported hard event rates of 1.3–2.7 % per year with a normal 
MPS, suggesting that underlying clinical risk and prior coronary 
artery disease ( CAD ) may in fl uence event rates even when the 
perfusion scan is normal  [  30,   31,   38,   44–  46  ] . Key higher risk sub-
sets have been de fi ned such as those with known CAD or its risk 
equivalent, which include diabetic patients as well as those 
with a clustering of risk factors (e.g. ,  metabolic syndrome), 
noncardiac atherosclerotic disease (e.g. ,  peripheral arterial 
disease or cerebrovascular disease or high-risk subclinical dis-
ease), or those with extensive comorbidity and/or functional 
disability. Along these lines, a recent study reported a series of 
7,376 patients with normal stress MPS, addressing the predictors 
and temporal characteristics of risk  [  46  ] . This study identi fi ed a 
number of variables—the need for pharmacologic stress, the 
presence of known CAD, diabetes mellitus ( DM ) (in particular, 
female diabetic patients), and advanced age were markers 

of increased risk and shortened time to risk (e.g., risk in the  fi rst 
year of follow-up was less than in the second year). ( a  and  b ) 
Illustrate the increased event rate in diabetic patients and the 
elderly, particularly in diabetic women. While con fi rming that, 
as a whole, patients with normal MPS are at very low risk, 
 several additional insights were revealed by this study. First, 
baseline patient risk after a normal MPS varied widely as a 
function of the patient’s clinical characteristics, as described 
above. In certain patients, for example, elderly patients who 
were unable to exercise with known CAD or DM, risk of cardiac 
death or myocardial infarction exceeded 1 % even in the  fi rst 
year of follow-up. This study also showed that, in patients with 
known CAD who had normal MPS, the temporal component of 
risk increased rapidly, as shown in ( c ). Hence, even patients 
who had low risk in the  fi rst year after normal MPS may no lon-
ger be at low risk in the second year. Little is known regarding 
this concept of accelerated risk over time, and further studies 
are needed to delineate this “warranty period” after a normal 
MPS in various patient subsets. Thus, to date, there is little 
 information currently available to guide the need for and 
 timing of retesting after a normal scan (Adapted from 
Hachamovitch et al.  [  47  ] ).       
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  FIGURE 7-25 .    Annualized cardiac death rates in the US population. 
Shown are results of an overall study cohort and an overall 
cohort subgrouped into patients with normal versus abnormal 
myocardial perfusion single-photon emission CT ( MPS ). This is an 
example of the relative nature of what is “low risk” after a nor-
mal MPS. Increasingly, studies are reporting event rates after 
normal MPS to be greater than “expected” based on the 
de fi nition of less than 1 % risk of cardiac death per year of follow-
up (the accepted paradigm of low risk). Since posttest patient 
risk of adverse events after both normal and abnormal test 
results will vary as a function of the baseline risk of the population 
tested, the issue of how to de fi ne a threshold for low risk is prob-
lematic. A recent study followed 5,200 elderly patients (de fi ned 

as age greater than or equal to 75 years) for 2.8 ± 1.7 years. In a 
subgroup of 443 patients aged 85 years old and above who 
had a normal stress myocardial perfusion imaging, the annual 
cardiac death rate was 3.3 %, well above the 1 % accepted 
standard for low risk. However, also shown, the cardiac mortality 
rate for individuals aged 85 years old and above in the USA in 
2005 was 4.8 %, approximately one-third greater than in patients 
with normal MPS. Hence, elderly patients with normal MPS were 
at a lower risk than their counterparts in the USA. Thus, although 
normal MPS may not identify patients at low  absolute  risk, they 
do appear to identify patients at low  relative  risk.       

FIGURE 7-24 . (continued)
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  FIGURE 7-26 .    Endpoints in studies of post-imaging outcomes. It is 
widely agreed that mortality endpoints are superior to “softer” 
endpoints (e.g., nonfatal myocardial infarction, revasculariza-
tion, hospitalizations) in studies of post-imaging outcomes. 
However, whether cardiac death ( CD ) or all-cause death 
( ACD ) is the more appropriate choice remains controversial. 
On the one hand, CD has the advantage of being the event 
we are focused on; our efforts at intervention and therapeutics 
are focused on reducing the incidence of this event. On the 
other hand, CD is plagued by issues of misclassi fi cation bias; 
since few autopsies are performed, we cannot be certain as to 
what was the precise cause of death in any given patient. 
Death certi fi cates have been found to frequently misclassify 
the cause of death in many patients. Ideally, studies would use 
both CD and ACD as primary and secondary endpoints. 
Practically, cohorts from most studies (patients who are older, 
patients who have more frequent coronary artery disease and 
cardiac risk factors) predominantly die from cardiac causes. 
Thus, this issue is of less concern in many studies. However, a 
very important exception to this are studies examining event 
rates after normal studies, especially comparing pharmaco-
logic and exercise stress. While patients who are able 

to exercise to target heart rates usually do not have major 
comorbidities and are relatively healthy, patients referred to 
pharmacologic stress are older and more frequently have mul-
tiple comorbidities. Further, many of the patients referred for 
pharmacologic stress are undergoing testing as part of preop-
erative cardiovascular clearance and, hence, often have a 
relatively high risk of noncardiac death. As shown in this  fi gure, 
a recent study in elderly patients reported that compared to 
CD rates, ACD rates were several times greater. Further, the risk 
associated with abnormal myocardial perfusion single-photon 
emission CT ( MPS ) relative to normal MPS was attenuated for 
ACD, suggesting a disproportionate increase in noncardiac 
deaths in patients with normal studies as compared to CD rates 
after normal and abnormal MPS. For example, the increase in 
event rates with CD versus ACD after normal MPS was 4.3 (75–
84 years) and 3.2 times ( ³ 85 years), respectively. However, the 
increase in events after abnormal MPS was 2.5 and 1.5 times, 
respectively. Thus, there appear to be extra deaths accrued 
after normal MPS as opposed to abnormal MPS. This increased 
risk after a normal MPS is probably associated with noncardiac 
deaths in patients without signi fi cant cardiac disease (hence, 
normal MPS).       
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  FIGURE 7-27 .    Variability in risk-adjusted cardiac mortality as a 
function of myocardial perfusion single-photon emission CT 
( MPS )-detected ischemia in medically treated patients. The 
dependence of post-normal MPS risk on the patients’ underly-
ing clinical, demographic, and historical characteristics also 
extends to patients with abnormal MPS results. In a large study 
of 10,627 patients with follow-up, while there is an increase in 
risk-adjusted cardiac mortality rates with increasing ischemia in 
the subset of medically treated patients, the precise level of 
risk associated with mild (5–10 % myocardium ischemic), 

moderate (10–20 % myocardium ischemic), or large (>20 % 
myocardium ischemic) amounts of ischemia varies widely. For 
example, in moderately ischemic patients, the cardiac death 
risk may be as low as 2 % or as high as 10 % depending on the 
patient subgroup. Hence, patients who cannot exercise, are 
older, or are diabetic will have far greater risk than those 
patients who are younger, able to exercise, or are not diabetic, 
despite similar extent and severity of ischemia on their stress 
MPS study.  DM  diabetes mellitus,  M  men,  W  women (Data from 
Hachamovitch et al.  [  48  ] ).       
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  FIGURE 7-28 .    Risk-adjusted survival analysis in patients with insulin 
dependent diabetes mellitus, non-insulin dependent diabetes 
mellitus, and non-diabetic controls. For example, in a recent 
large study, for any level of defect extent and severity, risk-
adjusted analysis demonstrated that the risk of cardiac death 
was greater in patients with insulin-dependent diabetes melli-
tus ( IDDM ) than in those with non–insulin-dependent diabetes 
mellitus ( NIDDM ), who in turn had greater risk than nondiabet-
ics  [  49  ] . Along these lines, several studies have now shown that 

not only does scan data provide incremental prognostic infor-
mation over prescan information but prescan data also yield 
incremental prognostic information over myocardial perfusion 
single-photon emission CT results  [  9,   27,   48,   50,   51  ] . Further, the 
type of event likely to occur on follow-up varies as a function of 
the type of defect found, with myocardial infarction more 
likely in the setting of reversible defects and cardiac death 
more likely in the setting of  fi xed defects  [  52  ]  (Adapted from 
Berman et al.  [  49  ] ).       
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  FIGURE 7-29 .    Cardiac death rates in patients with and without 
atrial  fi brillation ( AF ) as a function of myocardial perfusion 
single-photon emission CT ( MPS ) results: an example of how 
prescan information affects risk. In patients with mildly abnor-
mal MPS, those with chronic AF have been shown to have a 
high risk of cardiac death, whereas those without AF do not. 
While patients with mildly abnormal MPS results are generally 
at low risk of cardiac death, this is not the case in patients 

with signi fi cant comorbidities (e.g., advanced age, prior cor-
onary artery disease, diabetes mellitus  [  31  ] , AF  [  53  ] , pharma-
cologic stress). In this light, the decision whether or not to 
catheterize a patient with a mildly abnormal perfusion scan 
becomes a function of the underlying patient condition. 
* P  = 0.001; follow-up 2.2 ± 1.2 years (Adapted from Abidov 
et al.  [  53  ] ).       
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  FIGURE 7-30 .    Event-free survival in African American and Hispanic 
patients versus white non-Hispanic patients. An examination of 
the dramatic differences in event-free survival for African 
American ( a ) and Hispanic patients ( b ) as compared with 
white non-Hispanic patients ( c ) reveals several notable phe-
nomena  [  54  ] . This was the  fi rst study to  fi nd that in suf fi ciently 
large populations, effective risk strati fi cation is possible using 
the 20-segment model summed stress score risk groupings in 
ethnic minority cohorts. Additionally, due to greater comorbid-
ity, African American and Hispanic patients have decidedly 
higher rates of cardiac death or nonfatal myocardial infarc-
tion ( MI ) when compared with their white non-Hispanic coun-
terparts. Thus, similar to our  fi ndings in diabetic patients, one 

must realize that comorbidity or the underlying hazard (or risk) 
in the population will drive the expected event rates. Therefore, 
for higher-risk patient subsets, although one may stratify risk 
from low to high, the event rates will be higher in minority popu-
lations due to more frequent risk factors and a greater comor-
bidity burden. The effective risk strati fi cation is notable given 
the evidence of less-prevalent obstructive coronary disease 
and is supportive of a greater role for physiologic or  fl ow abnor-
malities in risk assessment for ethnic minority patients, particu-
larly African American and Hispanic patients. A low event rate 
in 4,629 Asian patients with normal stress myocardial perfusion 
single-photon emission CT  fi ndings was recently reported, with 
annual cardiac event rates of approximately 0.7 %  [  55  ].        
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  FIGURE 7-32 .    Prognostic impact of a hemodynamic response to 
adenosine on patient survival. In many respects, the results of 
vasodilator stress myocardial perfusion single-photon emission 
CT ( MPS ) studies are more dif fi cult to understand compared 
with those of exercise MPS in that there are a paucity of non-
perfusion markers to consider. For example, although the posi-
tive predictive value of the electrocardiogram response is 
quite high, the negative value is not as good. Although symp-
toms often occur with vasodilator stress, their predictive value 
is very poor and is most often unrelated to coronary artery dis-
ease. Although “walking” vasodilator stress is performed, the 
exercise capacity is not maximal and, hence, is not 

prognostically useful. Therefore, it is potentially useful to identify 
additional putative markers of risk in patients who are undergo-
ing vasodilator stress MPS. To this end, Abidov et al .   [  57  ]  recently 
identi fi ed both resting heart rate ( RHR ) and peak heart rate 
( PHR ) as an important and powerful prognostic predictor of 
cardiac death in these patients. These variables were both 
independent and incremental risk-adjusted predictors of car-
diac death. Increasing values of PHR response to adenosine 
stress were strongly associated with improved survival, as were 
low RHRs. In both male and female patients, an increasing ratio 
of RHR to PHR was associated with increasing cardiac mortality 
rates (Adapted from Abidov et al .   [  57  ] ).       
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  FIGURE 7-31 .    Relationship of ischemia and symptoms for predict-
ing long-term outcomes in diabetics. Zellweger et al.  [  56  ]  
recently evaluated 1,430 consecutive diabetic patients, all of 
whom received rest  201 Tl/stress  99m Tc-sestamibi myocardial per-
fusion single-photon emission CT ( MPS ), in order to assess this 
relationship. During the follow-up period (median of 2 years) 
with respect to risk and presenting symptoms, the annual car-
diac event ( CE ) rates (cardiac death or myocardial infarction) 

among patients with normal MPS  fi ndings were similar for 
patients with angina, asymptomatic patients, and patients 
with shortness of breath. Among patients with abnormal MPS 
results, however, patients with shortness of breath had 
signi fi cantly higher CE rates than patients with angina ( P  = 0.008) 
and asymptomatic patients ( P  < 0.001); the outcomes for 
asymptomatic patients and patients with angina were similar 
(Adapted from Zellweger et al.  [  56  ] ).       
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 (A) Prognostic adenosine score 
  Age  ( years ) 
 + % myocardium ischemic (%) 
 + % myocardium  fi xed (%) 
 + 10 (if dyspnea was presenting symptom) 
 − 20 (in patients undergoing walking adenosine) 
 + 0.5 × (resting HR–peak HR) 
 + 20 (if an abnormal rest ECG was present) 
 − % myocardium ischemic (if treated with early revascularization) 
 + 10 (if treated with early revascularization) 
 (B) Estimates of patient risk of cardiac death with medical therapy and revascularization 
 Example: 80-year-old man with atypical angina 
  Normal rest ECG 
  Nonwalking adenosine 
  Resting HR 70, peak HR 80 
  SDS 24—% myocardium ischemic = 30 % 
  SRS 0—% myocardium  fi xed = 0 % 
  If treated with revascularization early after SPECT: 
   − 30 (% myocardium ischemic) 
   + 10 (early revascularization) 
 Prognostic score: medical therapy: 105; early revascularization: 85 
 Estimated 2-year risk of CD: 
  No early revascularization: adenosine score = 105, CD = 9 % 
  With early revascularization: adenosine score = 85, CD = 3 % 

 TABLE 7-4.    Prognostic adenosine score. As discussed above, 
although the results of adenosine and exercise stress are 
equivalent in their clinical predictive value, the results of 
the former are often more challenging to apply to clinical 
management decisions in light of the relatively more lim-
ited data available from the test results (the absence of 
information on exercise tolerance and stress-induced 
symptoms, the altered accuracy of stress-induced electro-
cardiogram [ECG] changes). Prognostication is further 
obfuscated by the greater baseline risk of patients who are 
unable to undergo exercise stress, as pharmacologic stress 
patients are at greater baseline clinical risk, have more 
severe and frequent comorbidities, and are more fre-
quently older, diabetic, female, and with prior coronary 
artery disease. Also mentioned earlier, these higher risk fac-
tors associated with pharmacologic stress are also associ-
ated with an increasing risk for any level of myocardial 
perfusion single-photon emission CT ( MPS ) abnormality, fur-
ther complicating the application of MPS results. 

 Optimizing the amount of prognostic information 
extracted from testing mandates incorporation of multiple, 
complementary data elements and the elimination of 
redundant data elements. This challenge is best addressed 
by a composite, validated clinical score, as exempli fi ed by 
the Duke treadmill score. With this in mind, the Cedars-Sinai 
group has derived and validated a prognostic adenosine 
score in 5873 adenosine stress patients followed for 2.2 ± 1.1 

years (94 % complete follow-up, 387 cardiac deaths [6.6 %]) 
 [  58  ] . Three distinct scores were published in this report: a 
simpli fi ed score (A), a more complex score including an 
ECG subscore (for a more robust risk estimate), and an 
additional score that includes a modifying factor for 
patients referred to “walking” adenosine studies. By calcu-
lating an individual patient’s prognostic adenosine score 
(based on A) and determining the risk associated with the 
calculated score by use of Fig.  7.33 , estimates of patient 
risk of CD with medical therapy and revascularization can 
be determined (B). It is important to note that (B) also rep-
resents a new paradigm for noninvasive testing. Although 
the focus for many years has been on the estimation of 
patient risk, the determination of risk with two distinct thera-
peutic approaches also yields an estimate of patient 
bene fi t. Thus, rather than focus on the risk of adverse events, 
the focus can be shifted to the identi fi cation of the optimal 
management for a patient and the impact of therapeutic 
choices for different patients with different characteristics. 
This approach also teaches the impact of different MPS 
data elements. While for many years the prognostic focus 
has been on summed stress scores, it is apparent that two 
patients with identical summed scores will have very differ-
ent therapeutic recommendations if one patient has only 
reversible defects while the other has only  fi xed defects.  HR  
heart rate,  SDS  summed difference score,  SRS  summed rest 
score (Data from Hachamovitch et al.  [  58  ] ).  
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12   FIGURE 7-34 .    Relationship between left ventricular ejection frac-
tion ( LVEF ) measured by gated single-photon emission CT 
( SPECT ) and mortality rate and nonfatal myocardial infarction 
( MI ). In 2,686 consecutive patients undergoing stress  99m Tc 
gated myocardial perfusion SPECT ( MPS ), there was a curvilin-
ear inverse relationship between LVEF at rest by MPS, per-
formed after stress, and cardiac death  [  27  ] . The LVEF was the 
strongest predictor of mortality in this group. The  fi ndings are 
similar to those reported for rest LVEF acquired with radionu-
clide angiography in patients after MI (Adapted from Sharir 
et al.  [  27  ] ).       
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  FIGURE 7-33 .    Prognostic adenosine score and Kaplan–Meier 
2-year survival. The relationship between the complex prog-
nostic adenosine score and 2-year Kaplan–Meier survival free 
of cardiac death ( CD ) reveals that over the range of lower risk 
scores (approximate score <100), the con fi dence intervals are 
relatively narrow, permitting relatively more precise estimates 
of risk in lower risk patients. For values of the prognostic adenos-
ine score greater than 100, the associated risk is suf fi ciently 
large that although the con fi dence intervals are wider, it is not 
as important.       
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  FIGURE 7-36 .    Cumulative incidence of coronary angiography in 
4,649 patients with an intermediate-risk Duke treadmill score 
and no stress myocardial perfusion defect. Note that the clini-
cians involved in the decision-making process seldom chose to 
perform cardiac catheterization in these patients. The  fi ndings 
of this study add strength to the concept that stress myocardial 
perfusion single-photon emission CT is highly effective in clinical 
decision-making applied to the management of patients with 
intermediate-risk Duke treadmill scores (Adapted from Gibbons 
et al.  [  39  ] ).       
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  FIGURE 7-35 .    Added prognostic value of gated myocardial per-
fusion single-photon emission CT ( MPS ) left ventricular perfusion 
and function. An important early question that faced stress-
gated MPS was whether the data provided by the perfusion 
and function components of the test were additive or redun-
dant. Travin et al.  [  28  ]  reported on 3,207 patients who under-
went stress-gated MPS and were followed up for hard events. 
Cox proportional hazards regression analysis revealed that the 
stress perfusion and gated ejection fraction components 

added incrementally to each other even after considering 
pre-MPS data. Annualized cardiac death ( CD ) rates were risk 
strati fi ed by both perfusion and function data, with increasing 
risk as a function of both greater perfusion defects and 
decreasing ejection fraction. * P  < 0.05 compared with EF  ³ 50 %; 
 †  P  < 0.001 compared with EF  ³ 50 %;  ‡  P  < 0.05 compared with 1 
vessel disease ( VD ).  LVEF  left ventricular ejection fraction 
(Adapted from Travin et al.  [  28  ] ).       

 

 



274 Atlas of Nuclear Cardiology

P
ro

ba
bi

lit
y 

of
 r

ef
er

ra
l t

o
ea

rly
 r

ev
as

cu
la

riz
at

io
n

0.6

0.4

0.8

1.0a

0.2

0

0 12.5 25
Total myocardium ischemic, %

37.5 50

TAP

Atyp

Asx

  FIGURE 7-37 .    Drivers of referral to catheterization and revascular-
ization after myocardial perfusion single-photon emission CT 
( MPS ). It is currently assumed by many that physicians appro-
priately weigh the various patient characteristics available to 
the referring physician after the stress MPS study in formulating 
the  fi nal management decision. In 2003, Hachamovitch et al. 
 [  59  ]  demonstrated that the amount of ischemia was strongly 
related to survival bene fi t with revascularization and at the 
same time contributed 83 % of the information in a multivari-
able model predicting revascularization  [  52  ]  based on data in 
10,627 patients without prior coronary artery disease ( CAD ) 
referred to stress MPS ( a ). Importantly, the shape of this rela-
tionship also yields considerable insight into how doctors use 
MPS results. First, with increasing amounts of ischemia, there 
are increasing referral rates to revascularization. The ischemia–
revascularization relationship, however, is highly nonlinear. 
With increasing ischemia in the range of no or mild ischemia 
(<12.5 % myocardium ischemic), there is a steep slope between 
ischemia and revascularization referral such that a small 
change in ischemia is associated with a large change in the 
likelihood of revascularization. At approximately 10–15 % of 
the myocardium ischemic, this relationship plateaus, such that 
increasing amounts of ischemia are associated with relatively 
little increase in the rate of revascularization. Further, referring 
physicians did not act on the ischemia information alone, but 
other factors also in fl uenced this referral decision. For exam-
ple, for any level of ischemia, worsening presenting symptoms 
(asymptomatic [Asx], atypical symptoms [Atyp], or typical 
angina [TAP]) resulted in greater rates of referral. Regarding 
ejection fraction ( EF ) ( b ), although revascularization yields the 
greatest survival bene fi t in patients with low EF and extensive 
CAD, whether post-MPS referral to catheterization and revas-
cularization are proportional to patient risk as a function of EF 
and ischemia was examined only recently  [  59  ] . In a cohort of 

3,369 patients without prior myocardial infarction or revascu-
larization who underwent exercise or adenosine stress MPS 
and were followed up for occurrence of early (<60 days) post-
SPECT revascularization, 445 patients were referred to cathe-
terization (13.2 %) and 254 to revascularization (7.5 %) early 
after MPS. Logistic regression analysis was used to determine 
the association of clinical, historical stress, and MPS factors 
with referral to catheterization and revascularization in sepa-
rate models. The likelihood of referral to catheterization 
increased with both increasing ischemia and decreasing EF. 
Referral rates to catheterization ( b ) increased with decreasing 
values of EF in the setting of no (<5 % myocardium ischemic) or 
mild to moderate amounts of ischemia (5–15 % myocardium 
ischemic), but this pattern was reversed in patients with severe 
ischemia (>15 % myocardium ischemic) wherein predicted 
referral rates to catheterization decreased with decreasing EF. 
Referral rates to revascularization increased markedly with 
increasing amounts of ischemia, plateauing beyond 15 % 
myocardium ischemic, and demonstrated a mild decrease in 
referral rates with decreasing EF that was quantitatively not as 
signi fi cant as that found in the referral to catheterization 
model. Although referral to revascularization seemed to be in 
proportion to the anticipated risk in these patients, catheter-
ization was the rate-limiting step in the evaluation of these 
patients and was signi fi cantly in fl uenced by an EF-related 
referral bias in which clinicians may have been hesitant to 
consider revascularization in patients with low EF at the time of 
this study. This referral bias helps explain the  fi ndings from the 
Mayo Clinic that found that in a cohort of 77 patients with 
congestive heart failure, left ventricular EF less than 45 %, and 
large reversible perfusion defects by single-photon emission CT 
( SPECT ), the 5-year revascularization rate was only 13 % despite 
a 57.6 % mortality rate over this same period of time (Adapted 
from Hachamovitch et al.  [  59  ] ).       
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FIGURE 7-37 . (continued)
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  FIGURE 7-38 .    Use of noninvasive cardiovascular ( CV ) imaging. 
Relative observed ( a ) and risk-adjusted ( b ) frequencies of 
referral to catheterization after normal/nonobstructive, mildly 
abnormal, and moderately to severely abnormal cardiovas-
cular imaging with stress single-photon emission CT ( SPECT ) 
( blue ), stress positron emission tomography ( PET ) ( red ), and 
cardiac CT ( green ): how are referring physicians using the 
results of noninvasive CV imaging? The SPARC study (Study of 
Myocardial Perfusion and Coronary Anatomy Imaging Roles in 
Coronary Artery Disease) prospectively enrolled more than 
3,000 patients with an intermediate to high likelihood of coro-
nary artery disease ( CAD ) or known CAD who were referred to 
a clinically indicated stress SPECT, stress PET, or cardiac CT at 
40 enrolling sites. In an analysis of a subset of 1,703 patients 
without prior CAD, the authors examined post-imaging referral 
rates to catheterization. For all three modalities, increasing test 
abnormality (extent/severity of perfusion defect, extent of 
anatomic CAD) was associated with increasing referral rates 
to catheterization. Multivariable modeling revealed that the 
most important predictor of this referral was the amount of 
abnormality on the imaging. Importantly, however, in terms of 
absolute referral rates, in the setting of the most abnormal test 
results in patients with no prior CAD referred for suspicion of 

ischemic heart disease, only about half of these patients with-
out prior CAD diagnosis were referred to catheterization. 
Previous studies examining this phenomenon hypothesized 
that in these patients physicians were managing patients with 
aggressive medical therapy rather than immediate referral to 
an invasive strategy. However, this parameter was also exam-
ined in the SPARC study, which found that in patients with the 
most abnormal test result the degree of medical therapy given 
was also less than would be expected ( c ). In these patients, 
although the proportion of patients on aspirin and  b -blocker 
agents increased after testing, with respect to both these 
agents as well as lipid-lowering agents, surprising numbers of 
patients were not prescribed these medications within 90 days 
after testing. Only about one in  fi ve patients was on all three 
medications at the end of the trial; most were on one or two 
medications. While the SPARC study was designed to examine 
posttest resource utilization, it was not designed to identify 
why referring physicians did or did not alter posttest patient 
management. These results, while thought provoking, suggest 
that further studies are needed to fully understand physician 
decision-making after MPS. Nonetheless, this phenomenon will 
require further examination in the future.  CTA  CT 
angiography.       
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  FIGURE 7-39 .    Myocardial perfusion single-photon emission CT 
( MPS ) results, post-MPS referral patterns to revascularization, 
and the subsequent posttest referral bias’ obfuscation of post-
MPS event rates. It has long been appreciated that the use 
of MPS data to dictate post-MPS management, as supported 
by the above, results in a high rate of catheterization in 
patients with abnormal MPS and a low rate of catheterization 
in patients with normal MPS, creating a partial veri fi cation bias 
associated with lowered speci fi city and increased sensitivity in 
studies assessing MPS test diagnostic accuracy. What is not 
generally appreciated, however, is that this same referral pat-
tern to catheterization and revascularization that creates a 
diagnostic bias also results in a prognostic bias (more 
speci fi cally, a differential treatment selection bias)  [  60  ] . Since 
imaging results affect patient management, especially referral 
to revascularization, and revascularization affects risk, the 

association between test results and revascularization referral 
results in a lowering of observed patients’ risk in proportion to 
their imaging results. Hence, as seen in Figs.  7.14  and  7.24 , risk is 
underestimated in patients with more abnormal MPS results, 
resulting in a  fl attening of the MPS result–risk relationship in pro-
portion to intervention rates. A recent study examined the 
impact of revascularization on observed hard event ( HE ) rates in 
a cohort of patients with high pre-MPS likelihood of coronary 
artery disease  [  37  ] . Examining 240 patients treated medically 
and 204 patients treated with revascularization, this study found 
that the HE rate in patients referred to revascularization would 
have been nearly three times higher (11 vs. 4.4 %) if these patients 
would have been treated with medical therapy as opposed to 
revascularization. Thus, this study provides both evidence of this 
prognostic referral bias and a quantitative handle on its poten-
tial impact (Adapted from Hachamovitch et al.  [  37  ] ).       
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  FIGURE 7-40 .    Using myocardial perfusion single-photon emission 
CT ( MPS ) for medical decision making: identi fi cation of optimal 
patient management. To date, almost all studies investigating 
the relationship of MPS results and patient risk have included 
only those patients who are treated medically (as patients 
treated with early revascularization are excluded or censored 
from these analyses since the decision to refer to early revascu-
larization is usually based on the results of the MPS study). Thus, 
no prognostication can be extrapolated to patients treated 
with revascularization. In this context, an important study pub-
lished in 2003 examined the relationship between the extent 
and severity of ischemia and the survival bene fi t associated 
with subsequent revascularization  [  48  ] . In this study, 10,627 
patients without prior myocardial infarction or revasculariza-
tion who underwent stress MPS were followed for a mean of 1.9 
years (3.98 % lost to follow-up). Over this time period, cardiac 
death occurred in 146 patients (1.4 % mortality). The authors 
de fi ned patient treatment on the basis of that received within 
60 days post-MPS (revascularization [671 patients, 2.8 % mortal-
ity] vs medical therapy [9,956 patients, 1.3 % mortality; 
 P  = 0.0004]). The authors used a risk-adjusted approach that 

included a propensity score to adjust for nonrandomization of 
the treatment assignment, which was developed using logistic 
regression. This propensity score was used to adjust survival 
analyses. Based on the Cox proportional hazards model, which 
is most predictive of cardiac death ( x  2  = 539,  P  < 0.0001), patients 
undergoing medical therapy as their initial treatment had 
superior survival compared to those patients referred to revas-
cularization in the setting of no or mild ischemia. On the other 
hand, patients undergoing revascularization had an increas-
ing survival bene fi t over patients who were undergoing medi-
cal therapy when moderate to severe ischemia (>10 % of the 
total myocardium ischemic) was detected by MPS ( a ). While 
ischemia was the sole identi fi er of whether survival was 
enhanced with revascularization or medical therapy (relative 
bene fi t), the absolute bene fi t (e.g., number of lives saved per 
100 treated with different therapies) was impacted by baseline 
patient risk. Hence, the absolute bene fi t for revascularization 
over medical therapy was accentuated in the presence of 
greater clinical risk (patients undergoing pharmacologic stress, 
diabetic women, and elderly patients) ( b – d ) as well as in dia-
betics ( not shown ) (Adapted from Hachamovitch et al.  [  48  ] ).       
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  FIGURE 7-41 .    In the context of the results presented in Fig.  7.39 , 
speci fi cally, the ability of myocardial perfusion single-photon 
emission CT ( MPS )-determined ischemia to identify which 
patients may bene fi t from revascularization versus medical 
therapy, the role of a gated ejection fraction ( EF ) in identifying 
patient bene fi t must also be assessed. In a study of 5,366 con-
secutive patients without a history of prior revascularization fol-
lowed up for 2.8 ± 1.2 years (during which 146 cardiac deaths 
occurred [2.7 %, 1.0 %/year]), the relative roles of ischemia 
and EF for the assessment of cardiac death ( CD ) risk and 
potential bene fi t with revascularization were examined  [  50  ] . A 
Cox proportional hazards survival model was used to adjust for 
differences in patients’ baseline characteristics, as well as a 
propensity score to correct for nonrandomized patient referral 
to revascularization versus medical therapy. While this model 
identi fi ed EF to be by far the strongest predictor of CD, isch-
emia, but not EF, was found to have a signi fi cant interaction 
with therapy given. The latter indicates that the survival associ-
ated with any level of ischemia was dependent on the treat-
ment given and the survival associated with treatment 
dependent on the level of ischemia (e.g., superior survival with 
medical therapy in the presence of little or no ischemia, 
enhanced survival with revascularization in the setting of 
increasing ischemia) ( a ). Further, after adjusting for baseline 
differences, ischemia and EF added incrementally to each 

other with respect to the risk of CD, as the risk of CD increased 
with decreasing values of gated EF and the risk of CD at any 
level of EF increased with increasing amounts of ischemia ( b ). 
Interestingly, 10 % myocardial ischemia appeared to identify 
patients who would have a survival bene fi t with revasculariza-
tion across the spectrum of EF. Thus, while simple measure-
ment of EF alone de fi nes patients at high risk, only ischemia 
appeared to identify a survival bene fi t with revascularization. 
These data illustrate the difference between risk assessment 
and prediction of bene fi t from revascularization. The added 
value of ischemia to EF was only present in medically treated 
patients, as the relationship between EF and ischemia in 
patients treated with revascularization is limited to a single 
line, as increasing levels of ischemia are not associated with 
increasing risk in the setting of revascularization. The relation-
ship between ischemia and EF is further illustrated in ( c )—
absolute risk is greatest in the presence of lower EF (as 
evidenced by the higher CD rates on the  right  side of the 
 fi gure). Irrespective of EF, in the absence of ischemia (no isch-
emia), the risk of CD is greater with early revascularization than 
medical therapy, while the converse is true in the presence of 
ischemia. Hence, although bene fi t is best predicted by isch-
emia, both risk and relative bene fi t are best predicted by the 
combination of EF and ischemia.  F / U  follow-up,  SPECT  single-
photon emission CT.       
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  FIGURE 7-42 .    Stress myocardial perfusion single-photon emission 
CT ( MPS ) techniques to identify the risk of adverse events. The 
use of stress MPS techniques to identify the risk of adverse events 
in patients referred for medical therapy after testing separately 
from the risk of patients referred to revascularization is an impor-
tant paradigm shift for our  fi eld. In the context of patient man-
agement, the identi fi cation of patient risk may permit more 
precise risk strati fi cation but will not necessarily aid in the 
identi fi cation of optimal therapeutic selection. Indeed, those 
factors that identify which patients may accrue a survival bene fi t 
from referral to revascularization versus medical therapy are not 
the most powerful predictors of risk (ischemia), but those factors 
that best predict post-MPS survival (e.g., scar extent, left ven-
tricular ejection fraction [ LVEF ]) do not predict potential bene fi t. 
In the setting of a healthcare system focusing on improving 
patient bene fi t, this approach will become central to our efforts. 
Since the initial report identifying this  fi nding, several studies have 
extended our knowledge of key-related details. First, risk-
adjusted analyses of observational data in an elderly popula-
tion with a threshold of greater than or equal to 15 % ischemia 
identify patients with lower mortality rates with revascularization 
than medical therapy (47 vs. 58 % over a 6.2 ± 2.9-year follow-up; 
 a ). This was not the case in patients with abnormal MPS with isch-
emia less than 15 % (53 vs. 47 %) nor in patients with abnormal 
MPS without ischemia (77 vs. 50 %). Further, this same  fi nding was 
reported in diabetic patients who were referred for MPS. In dia-
betic patients with approximately greater than or equal to 16 % 

of the myocardium abnormal, revascularization was associated 
with superior survival compared to medical therapy ( b ). The 
relationship between scar, ischemia, and therapeutic impact is 
an important one. An important question is whether the pres-
ence of an extensive scar, with accompanying remodeling and 
reductions in LVEF, eliminates the potential survival bene fi t asso-
ciated with any signi fi cant amount of ischemia. An analysis of 
data in patients with prior myocardial infarction revealed equi-
poise between therapeutic strategies across all values of myo-
cardium ischemic; ( c ,  right ). However, when the analysis was 
limited to patients with less than 10 % of the myocardium with 
 fi xed defects ( b ,  left ), patients with little or no ischemia had wors-
ened survival with the use of revascularization, while patients 
with more extensive ischemia bene fi ted from this intervention. 
For example, in the absence of ischemia, patients treated with 
revascularization had a 49 % greater mortality risk, but patients 
with 20 % of their myocardium ischemic had a 20 % reduction in 
risk with revascularization. Thus, based on studies to date, only 
inducible ischemia appears to identify which patients may 
bene fi t from revascularization over medical therapy after MPS. 
However, whether a bene fi t is associated with revascularization 
is sensitive to the extent of scar present. Also, the threshold of 
ischemia at which equipoise occurs is sensitive to the endpoint 
used and the population examined. Finally, although the LVEF 
impacts the absolute bene fi t (e.g., lives saved per 100 treated) 
at any level of ischemia, it does not identify which patients will 
accrue a survival bene fi t with a speci fi c therapeutic approach.       
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  FIGURE 7-44 .    Clinical Outcomes Utilizing Revascularization and 
Aggressive Drug Evaluation (COURAGE) nuclear substudy. 
Shaw et al.  [  61  ]  reported results of a substudy of the COURAGE 
trial. In this study of 314 patients in whom both pre- and 6- to 
18-month postrandomization myocardial perfusion single-pho-
ton emission CT ( MPS ) was performed, patients assigned to 
percutaneous coronary intervention ( PCI ) and optimal 

medical therapy ( OMT ) demonstrated signi fi cantly greater 
ischemia reduction when compared with patients receiving 
OMT alone (PCI + OMT: 33 % [ n  = 159]; OMT alone: 20 % [ n  = 155]; 
 P  = 0.0004) ( a ). Importantly, the rate of subsequent cardiac 
events was strongly related to the amount of residual ischemia 
on MPS studies performed 6–18 months after randomization 
( b ).  MI  myocardial infarction (Adapted from Shaw et al.  [  61  ] ).       
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  FIGURE 7-43 .    ( a  and  b ) resting  201 Tl reversibility added value over 
summed stress score ( SSS ) and summed rest score ( SRS ). In 
patients with chronic coronary artery disease, the added 
prognostic value of resting  201 Tl reversibility in dual-isotope 
myocardial perfusion single-photon emission CT is shown. The 
two curves represent differing amounts of resting reversibility 
as measured by the summed rest late difference score ( SRLDS ). 
When this score is greater than 8 (extensive resting ischemia), 
the relative risk with respect to subsequent cardiac events is 

clearly higher than when less resting reversibility is present. 
The incremental prognostic value of resting reversibility per-
sists when either the SRS or the SSS is considered. These data 
suggest that a combination of assessing both stress-induced 
ischemia and resting ischemia (presumably hibernating myo-
cardium) might be more effective than stress-induced isch-
emia alone in evaluating the risk of patients with chronic 
coronary artery disease (Adapted from Sharir et al.  [  36  ] ).       
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  FIGURE 7-45 .    Complementary roles of myocardial perfusion sin-
gle-photon emission CT ( MPS ) and assessment of coronary cal-
cium: who needs single-photon emission CT after the coronary 
calcium measurements? Recently, the coronary calcium score 
( CCS ) derived from noncontrast CT assessment has become 
commonly used to assess the coronary atherosclerotic burden 
in asymptomatic patients. Generally, when the CCS exceeds 
100, recommendations for aggressive medical therapy are 
made. When the atherosclerotic burden becomes extensive, 
most investigators recommend MPS or other testing for isch-
emia  [  51  ] . Recent data from our institution has con fi rmed the 
 fi ndings of previous studies with respect to the patients with a 

CCS greater than or equal to 400  [  62  ] . In 1,195 consecutive 
patients with no history of coronary artery disease who had 
electron beam tomography and MPS, among the patients 
with a CCS less than 100, MPS ischemia was rare, occurring in 
less than 2 % of such patients  [  62  ] . This low frequency of isch-
emia with a CCS less than 100 was present in patients with and 
without clinical symptoms, although a trend toward more isch-
emia in symptomatic patients with scores 10–99 was observed. 
As the CCS increased in magnitude above 100, the frequency 
of myocardial ischemia on MPS increased progressively. 
Among patients with a CCS exceeding 1,000, 20 % manifested 
an ischemia by MPS (Adapted from Berman et al.  [  62  ] ).       
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  FIGURE 7-46 .    Complementary roles of myocardial perfusion 
 single-photon emission CT ( MPS ) and the assessment of coro-
nary calcium: who needs coronary calcium measurement after 
single-photon emission CT ( SPECT )? Of 1,195 patients having 
both coronary calcium score ( CCS ) and SPECT studies in our 
institution, a large proportion had high enough CCS that there 
would be consensus that aggressive medical management is 
warranted: 56 % had CCS greater than 100 and 31 % had CCS 
greater than 400. While this frequency is in fl ated by a referral 
bias in which patients with high CCS were more likely to undergo 
MPS, these  fi ndings suggest that if testing begins with MPS in a 
given patient, further assessment of atherosclerotic burden by 
coronary calcium testing may be useful in assessing the need 

for aggressive medical therapy and lifestyle recommendations 
in an attempt to prevent coronary events. Clinical implications 
of Figs.  7.44 ,  7.45 , and  7.46  can be summarized as follows: In 
asymptomatic patients, atherosclerosis imaging is more 
 effective than imaging for ischemia, since it is better suited to 
de fi ning subclinical disease in need of preventive treatment. 
Approximately 10 % of asymptomatic patients undergoing ath-
erosclerosis imaging will be de fi ned as having suf fi cient subclini-
cal disease so that ischemia testing is indicated. Patients who 
are able to exercise and are found to have extensive athero-
sclerosis but no ischemia by MPS appear to be at low risk for 
short- to intermediate-term cardiac events, thus not requiring 
coronary angiography (Adapted from Berman et al.  [  62  ] ).       
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  FIGURE 7-48 .    Relationship between positron emission tomography 
(PET)-assessed ischemia and coronary calcium score ( CCS ). A 
more recent report of 695 symptomatic patients referred for 
adenosine stress PET who underwent CCS as part of routine 
image acquisition reported a 48.5 % frequency of abnormal 
stress PET in patients with CCS greater than or equal to 400, with 
an only slightly greater frequency (49.4 %) of abnormal PET with 
a CCS greater than or equal to 1,000  [  64  ] . Interestingly, 16 % of 
patients with no measurable calcium had PET identi fi ed isch-
emia (negative predictive value 84 %). The discrepancies in the 
reported frequencies of abnormal myocardial perfusion single-
photon emission CT ( MPS ) in patients with high CCS appear to 
be largely explained by differences in the underlying patient 

risk. Recent subset analyses have supported this concept, indi-
cating that the threshold of CCS warranting referral for MPS will 
vary further as a function of underlying patient risk. In this regard, 
the frequency of abnormal MPS for any level of CCS has been 
reported to be higher in patients with type 2 diabetes  [  65–  67  ] , 
patients with the metabolic syndrome  [  68  ] , patients with a fam-
ily history of premature coronary heart disease  [  66,   67  ] , and 
patients with a high likelihood of coronary artery disease  [  67  ] . 
Although no validated threshold is currently recognized, in 
patient cohorts at greater risk for developing early atheroscle-
rosis, it has been suggested that a threshold CCS of greater 
than or equal to 100 might be appropriate for these patients 
(Adapted from Schenker et al.  [  64  ] ).       
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  FIGURE 7-47 .    Prognosis of patients with high coronary calcium 
scores ( CCS ) and normal exercise myocardial perfusion single-
photon emission CT ( MPS ). Until recently, there was no data 
upon which to justify the common practice of following medi-
cally, without coronary angiography, patients who have nor-
mal MPS associated with a very high CCS. A publication by 
Rozanski et al.  [  63  ]  has provided data supporting this practice. 
The  fi ndings indicated that the 4-year cardiac event rate in 

patients without ischemia was equally low in patients with and 
without extensive coronary atherosclerosis (CCS > 1,000). Given 
the known adverse prognostic implications of high CCS, these 
 fi ndings imply that in the absence of ischemia and with aggres-
sive medical therapy, the adverse event rate in patients with 
coronary atherosclerosis is low in patients who are able to exer-
cise.  DM  diabetes mellitus,  MI  myocardial infarction,  SOB  short-
ness of breath (Adapted from Rozanski et al.  [  63  ] ).       
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  FIGURE 7-49 .    Prognosis of patients with high coronary calcium 
scores ( CCS ) and  fi ndings on positron emission tomography 
( PET ) with vasodilator stress. In contrast to the  fi ndings of Rozanski 
et al.  [  63  ]  showing excellent prognosis in patients with high CCS 
and normal exercise myocardial perfusion single-photon emis-
sion CT ( MPS ), Schenker et al.  [  64  ]  have shown that patients 
who have a nonischemic PET myocardial perfusion scan and 
have a CCS greater than or equal to 1,000 have a worse prog-
nosis than those with a CCS less than 1,000 ( left ). These authors 
also demonstrated that when ischemia was seen on PET, those 
with a higher CCS also had a worse prognosis than those with-
out extensive CCS ( right ). Multiple factors likely explain the 

difference between the prognostic implications of a very high 
CCS in patients with normal perfusion scans in these studies, 
with the most prominent being the pretest risk of the patients. In 
comparing the patients with normal perfusion scans in the two 
populations, those reported by Schenker et al.  [  64  ]  had several 
features implying a “sicker” cohort as described above. The 
patients were referred for pharmacologic stress, older, more 
symptomatic, and had a higher pretest likelihood of coronary 
artery disease. The work of Schenker et al.  [  64  ]  provides evi-
dence that the measurement of the CCS adds to the prognos-
tic information provided by myocardial perfusion imaging.  MI  
myocardial infarction (Adapted from Schenker et al.  [  64  ] ).       
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  FIGURE 7-50 .    Conceptual approach to the use of CT coronary 
calcium measurements and nuclear testing in coronary artery 
disease ( CAD ) diagnosis and risk strati fi cation in asymptom-
atic patients. First, the pretest likelihood of angiographically 
signi fi cant CAD is assessed as low (less than 10 %), low–inter-
mediate (10–50 %), high–intermediate (50–85 %), and high 
(>85 %) employing age, sex, risk factors, and symptoms. 
Patients with a low likelihood of CAD (in our experience <15 %) 
or low 10-year risk (<10 %) require only primary prevention 
guidelines regarding coronary risk factors (Adult Treatment 
Panel III)  [  16  ] . Patients with a low–intermediate likelihood of 
CAD (15–50 %), a group which by American College of 
Cardiology/American Heart Association guidelines might be 
selected for exercise testing, become excellent candidates 
for coronary calcium score ( CCS ) measurement in this 
approach. Since CCS provides a more sensitive, quantitative 
measurement of subclinical CAD in this population, we con-
sider it more useful than the exercise electrocardiogram in 
selecting patients for aggressive medical management. 
Patients would then have the intensiveness of their medical 
therapy guided by the degree of CCS abnormality. Scores 
greater than 100 are regarded by many as the cutoff for rec-
ommending aggressive medical therapy with target low-den-
sity lipoprotein less than 70 and the target blood pressure 
would be 120/80 mm Hg  [  68  ] . Patients with scores greater than 
or equal to 10 but less than 100 might be considered as appro-
priate for aggressive medical therapy when CCS is in the 90th 
percentile or greater for age and gender  [  62  ] , although the 
exact thresholds remain controversial. Regarding further test-
ing, patients with CCS greater than 400 would be candidates 

for further testing with myocardial perfusion single-photon 
emission CT (SPECT) for purposes of risk/bene fi t assessment 
with respect to the possible need to consider revasculariza-
tion. The exact cutoff above which patients should be referred 
for stress imaging is unclear; in the presence of symptoms, 
referral for nuclear testing might be appropriate with any 
abnormal score. In asymptomatic patients, the threshold for 
referral of 400 may be appropriate. In the CCS category of 
100–400, it would not be cost effective to refer all patients for 
myocardial perfusion scanning; however, if tailoring this refer-
ral to the individual patient based on age, sex, and risk factors, 
selective referral for stress imaging might be appropriate. In 
this regard, a recent manuscript has shown that the category 
of 100–400 would deserve testing in diabetic patients  [  69  ] , and 
preliminary data has suggested that this would be appropri-
ate in patients with the metabolic syndrome  [  70  ] . In selected 
patients with normal or nearly normal nuclear scans, CCS 
might be appropriate in order to evaluate the extent of ath-
erosclerosis and help guide medical management decisions 
 [  71  ]  and to avoid missing extensive atherosclerosis simply 
because there is no regional stress-induced ischemia (i.e., bal-
anced reduction in  fl ow). While CCS testing might not be 
needed in patients who are already following an aggressive 
medical management approach using secondary prevention 
guidelines, the CCS in this setting may help motivate patients 
to follow medical approaches to control CAD as well as to 
guide the intensity of medical management in settings in 
which the need for secondary prevention is not clear (Adapted 
from Berman et al.  [  72  ] ).       
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