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Introduction

Age is a strong determinant of the risk of coronary 
artery disease (CAD). According to the Diamond 
and Forrester classification, the pretest likelihood of 
CAD is significantly greater among elderly patients, 

REVIEW

Abstract

Background: The diagnostic and prognostic value of appropriate use criteria (AUC) for coronary artery disease (CAD) 
is well established. Whether the diagnostic yield of AUC for predicting CAD is preserved among the elderly is not 
known.
Methods: We analyzed a multisite prospective cohort of 1511 consecutive patients (age 59 ± 13 years, 57% males) who 
underwent outpatient, community-based single-photon emission computed tomography (SPECT) myocardial perfu-
sion imaging (MPI). Appropriateness of the studies was determined on the basis of the 2013 multimodality AUC for 
detection and risk assessment of stable ischemic heart disease. Abnormal SPECT MPI was defined by either a summed 
stress score of 4 or greater or a summed difference score of 2 or greater.
Results: Abnormal SPECT MPI was present in 190 patients (12.5%), while ischemia on MPI alone was present in 122 
patients (8%). In multivariate logistic regression analysis, age of 60 years or greater, male sex, hypertension, diabetes 
mellitus, and known CAD were independent predictors of abnormal SPET MPI, while appropriate indication for test-
ing was not. Age of 60 years or greater was also an independent predictor of inducible myocardial ischemia, while ap-
propriate indication for testing was not. Among the elderly (≥60 years), regardless of appropriateness of testing, there 
was no difference in the prevalence of abnormal SPECT (19 vs. 14%, P = 0.14) or prevalence of SPECT ischemia (11 
vs. 11%, P = 1.00). Among younger patients, however, appropriate testing predicted a greater prevalence of abnormal 
SPECT (12 vs. 7%, P = 0.013).
Conclusion: In this multisite cohort, testing based on AUC did not discriminate the risk of abnormal SPECT MPI 
among the elderly. Caution is advised when relying on AUC for referral of elderly patients for SPECT MPI.
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regardless of typicality of symptoms [1]. While 
CAD risk factors, especially diabetes mellitus [2], 
are strong determinants of CAD risk as well, the 
value of the burden of CAD risk factors in predict-
ing myocardial ischemia seems limited among the 
elderly [3]. Appropriate use criteria (AUC) guide 
physicians to refer patients for single-photon emis-
sion computed tomography (SPECT) myocardial 
perfusion imaging (MPI) and are based on the like-
lihood of the test to provide meaningful diagnostic 
information [4]. We previously reported the diag-
nostic and prognostic value of appropriate SPECT 
MPI from a community-based cohort of patients 
[5]. We previously reported that there is no demon-
strable sex-based differential impact of AUC on the 
diagnostic or prognostic utility of SPECT MPI [6]. 
However, the impact of AUC on the diagnostic yield 
of MPI among elderly patients, who have a high like-
lihood of CAD, has not been studied. In this study, 
we sought to investigate the impact of AUC on the 
diagnostic yield of SPECT MPI among the elderly.

Methods

This report is a subanalysis of a previously published 
multisite prospective cohort study of 1511 consecu-
tive patients, all of whom were referred for clinically 
indicated SPECT MPI in the outpatient setting [5]. 
The detailed method of the study, including the study 
population and MPI testing, was published previ-
ously [5]. Briefly, 1707 consecutive patients who 
underwent SPECT MPI between August 15, 2007, 
and May 15, 2011, were identified. These patients 
were referred from the offices of 22 physicians (20 
primary care physicians and two cardiologists) in 
11 private practices. Among these patients, 182 met 
one or more exclusion criteria and 14 (0.9%) patients 
were lost to follow-up. The remaining 1511 eligi-
ble patients (99.1%) were prospectively followed 
up for 27 ± 10 months. The study was approved by 
the Institutional Review Board of Rush University 
Medical Center (Chicago, IL, USA).

Clinical Data and Appropriate Use Criteria 
Determination

Patient demographics, referral diagnosis, risk fac-
tors, and cardiovascular history were recorded 
before stress MPI. Known CAD was defined as a 

history of myocardial infarction (MI), prior percu-
taneous or surgical revascularization or anatomical 
stenosis of 50% greater on coronary angiography. 
Patient medical records, including the referring 
physician clinical evaluation, preceding MPI were 
reviewed to determine patient symptoms and indi-
cation, and rationale for testing, including type of 
surgery if MPI was performed for preoperative risk 
assessment. Among patients with ischemic equiva-
lent symptoms but no prior CAD, the pretest like-
lihood of CAD was determined with the Diamond 
and Forrester criteria [1]. Since Diamond and 
Forrester tables do not provided estimates for CAD 
prevalence beyond the age of 69 years, the pretest 
likelihood of CAD among symptomatic patients 
aged 70 years or older was determined with use 
of the highest age category (60–69 years) in these 
tables [1]. The 10-year risk of ischemic heart dis-
ease among asymptomatic patients was determined 
by the Framingham Risk Score [7]. In the original 
report, the appropriateness of SPECT MPI was 
determined according to the 2009 AUC for cardiac 
radionuclide imaging [8]. For the purpose of this 
report, the appropriateness of MPI use was reclassi-
fied according to the 2013 multimodality AUC for 
the detection and risk assessment of stable ischemic 
heart disease with use of initially collected clinical 
data elements [4]. Each MPI study was categorized 
as appropriate, maybe appropriate, or rarely appro-
priate. To study the impact of rarely appropriate 
testing on the diagnostic yield of stress MPI, stud-
ies with appropriate and maybe appropriate indica-
tions were grouped together as being “appropriate.” 
The study cohort was further divided into two sub-
groups based on age: younger than 60 and 60 years 
or older. An age of 60 years was selected to classify 
age subgroups since it defines the highest age cat-
egory in the Diamond and Forrester tables [1].

Stress Myocardial Perfusion Imaging

SPECT MPI was performed with a 1-day, rest/stress 
technetium-99m sestamibi protocol [9]. The stress 
modality (exercise vs. adenosine vs. adenosine 
with low-level exercise) was selected as clinically 
appropriate [10, 11]. All MPI studies were acquired 
with use of a dual-head, cardiac SPECT camera 
(maiCAM-180, Mid-Atlantic Imaging Services, 
Columbia, MD, Unites States) without attenuation 
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correction [12, 13]. SPECT MPI was interpreted 
with use of QPS/QGS (Cedars-Sinai Cardiac Suite, 
Los Angeles, CA, USA) by an expert nuclear cardi-
ologist who was blinded to clinical data. Segmental 
radiotracer activity was semiquantitatively scored 
on a 17-segment model of the left ventricle with use 
of a five-point scoring system (0 for normal to 4 for 
absent) [14]. The segmental scores within the stress 
and rest scans were summed to generate summed 
stress scores and summed rest scores, respectively. 
The summed difference score was calculated from 
the sum of the segmental difference scores between 
stress and rest scans. Abnormal MPI was defined as 
a summed stress score of 4 greater or a summed dif-
ference score of 2 or greater.

Statistical Analysis

Statistical analyses were conducted with STATA 
version 12 (College Station, TX, USA). Student’s 
t test was used to analyze differences in continu-
ous data. The chi-square test was used to  compare 
categorical data. Univariate and multivariate 
logistic regression analyses were performed to 
determine the predictors of abnormal SPECT 
MPI. Multivariate analysis was adjusted for 
clinical covariates of age (by cutoff of 60 years), 
sex, CAD risk factors (diabetes mellitus, hyper-
tension, dyslipidemia, tobacco use, and family 
 history), known CAD status, and test appropri-
ateness. The multivariable regression model was 
tested for collinearity between the variables, and 
none was observed. P < 0.05 was considered to 
represent statistical significance.

Results

The age of the study population (n = 1511) was 
59 ± 13 years, with 57% being males. A total of 664 
patients (44%) were older than 60 years. SPECT 
MPI was abnormal in 190 patients (12.5%), and 
271 patients (18%) had a history of known CAD. 
Ischemia on SPECT MPI was noted in 122 patients 
(8%). Six-hundred and ninety-nine studies (54%) 
were performed for indications that were deter-
mined to be appropriate (or maybe appropriate). 
Demographic and clinical data of the study popula-
tion, stratified by abnormal SPECT MPI, are pro-
vided in Table 1. Patients with abnormal MPI were 
older and more often males. They also had a greater 
prevalence of known CAD, hypertension, and dia-
betes, and were more often smokers. Indication for 
stress testing was more often appropriate or maybe 
appropriate among patients who had abnormal MPI. 
On univariate logistic regression analysis, all clini-
cal and demographic variables were significantly 
associated with abnormal MPI, except a history of 
smoking and a family history of CAD (Table 2). 
Appropriate indication for testing was also asso-
ciated with abnormal MPI on univariate analysis. 
However, on multivariate regression analysis, age 
of 60 years or greater, male sex, hypertension, dia-
betes, and known CAD were the only independent 
predictors of abnormal MPI. Appropriateness of 
testing was not an independent predictor of abnor-
mal MPI. When age was analyzed as a continu-
ous variable, there was a significant increased risk 
of abnormal MPI with every 10-year increment in 
age (odds ratio [OR] 1.52; 95% confidence interval 

Table 1 Distribution of Demographic and Clinical Variables of the Study Population Stratified by Abnormal Single-Photon 
Emission Computed Tomography Myocardial Perfusion Imaging (n = 1511).

Variable  Abnormal MPI (n = 190)  Normal MPI (n = 1321)  P-value

Age  65 ± 13 years  58 ± 13 years  <0.0001
Male sex  76%  54%  <0.0001
Hypertension  71%  53%  <0.0001
Diabetes  35%  20%  <0.0001
Hyperlipidemia  59%  44%  <0.0001
Smoking  15%  12%  0.14
Family history of CAD  35%  36%  0.82
Known CAD  52%  13%  <0.0001
Appropriate/may be appropriate testing (%)  68%  52%  <0.0001

CAD, coronary artery disease; MPI, myocardial perfusion imaging.
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1.24–1.85; P < 0.0001) after adjustment for all vari-
ables (Table 2), including appropriateness criteria. 
Similar results were noted for ischemia on SPECT 
MPI, which was independently predicted by age of 
60 year or greater, hypertension, and known CAD 
(Table 3). Again, among patients aged 60 years or 
older, appropriateness of testing did not predict 
ischemia on SPECT MPI.

When the prevalence of abnormal MPI was strati-
fied by appropriateness of indication and by age, 
patients older than 60 years of age had a greater 
prevalence of abnormal MPI regardless of the 
appropriateness of indication (Figure 1). Among 
patients tested for a rarely appropriate indication, 
patients older than 60 years of age had twice the 
prevalence of abnormal SPECT MPI when com-
pared with patients younger than 60 years of age 
(14 vs. 7%, P = 0.006). The prevalence of abnormal 

MPI among elderly patients tested for rarely appro-
priate indications was similar to that among elderly 
patients tested for appropriate indications (14 vs. 
19%, respectively, P = 0.14). A similar trend was 
also noted for ischemia on SPECT MPI (Figure 2). 
Stress-induced myocardial ischemia was more 
prevalent among the elderly, with no difference in 
the prevalence of ischemia among the elderly (11%) 
regardless of appropriateness criteria (P = 1.00).

Discussion

In this study, we report the impact of AUC on the 
relationship between age and abnormal SPECT 
MPI. In this broad-based, multisite cohort, appli-
cation of AUC did not effectively stratify the risk 
of abnormal MPI or ischemia on MPI among the 
elderly. We identified a similarly high proportions 

Table 3 Predictors of Ischemia on Stress Myocardial Perfusion Single-Photon Emission Computed Tomography.

Variable  
 

Univariate predictors  
 

Multivariate predictors

OR  95% CI  P-value OR  95% CI  P-value

Age ≥60 years  2.01  1.38–2.93  <0.0001  1.58  1.03–2.42  0.04
Male sex  1.63  1.11–2.42  0.014  1.46  0.96–2.24  0.08
Hypertension  2.09  1.39–3.14  <0.0001  1.64  1.06–2.52  0.03
Diabetes  1.75  1.17–2.61  0.006  1.37  0.90–2.01  0.15
Hyperlipidemia  1.65  1.13–2.39  0.009  1.19  0.80–1.77  0.39
Smoking  1.49  0.96–2.32  0.08  1.35  0.78–2.33  0.28
Family history of CAD  1.04  0.71–1.52  0.83  1.09  0.74–1.64  0.64
Known CAD  3.13  2.11–4.63  <0.0001  2.31  1.52–3.53  <0.0001
Appropriate/may be appropriate indication  1.51  1.04–2.28  0.03  1.13  0.73–1.75  0.57

CAD, coronary artery disease; CI, confidence interval; OR, odds ratio.

Table 2 Predictors of Abnormal Stress Myocardial Perfusion Single-Photon Emission Computed Tomography.

Variable  
 

Univariate predictors  
 

Multivariate predictors

OR  95% CI  P-value OR  95% CI  P-value

Age ≥60 years  2.06  1.49–2.86  <0.0001  1.67  1.06–2.64  0.03
Male sex  2.69  1.86–3.91  <0.0001  2.17  1.47–3.19  <0.0001
Hypertension  1.83  1.30–2.57  0.001  1.55  1.07–2.24  0.02
Diabetes  2.26  1.61–3.19  <0.0001  1.58  1.10–2.28  0.01
Hyperlipidemia  1.73  1.24–2.39  0.001  1.11  0.79–1.58  0.53
Smoking  1.49  0.96–2.32  0.08  1.38  0.85–2.21  0.19
Family history of CAD  1.03  0.73–1.43  0.89  1.05  0.74–1.49  0.78
Known CAD  7.51  5.33–10.6  <0.0001  5.17  3.65–7.31  <0.0001
Appropriate/may be appropriate indication  2.04  1.45–2.86  <0.0001  1.10  0.66–1.87  0.70

CAD, coronary artery disease; CI, confidence interval; OR, odds ratio.
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of abnormal SPECT MPI and ischemia on SPECT 
MPI among elderly patients whether testing was 
performed for an appropriate or a rarely appropri-
ate indication. In contrast, AUC did stratify the risk 
of abnormal SPECT MPI in patients younger than 
60 years of age, as appropriate testing was associ-
ated with a greater prevalence of abnormal MPI 
(12%) when compared with rarely appropriate test-
ing (7%, P = 0.013). However, such a relationship 
only attained borderline statistical significance for 
the prevalence of ischemia on SPECT MPI among 

patients younger than 60 years of age (7.5 vs. 5%, 
P = 0.14).

AUC are intended to aid in effective application of 
MPI and improve the value of testing. The yield of 
testing is an important determinant of value in deci-
sion making. AUC suggest the appropriateness of a 
cardiovascular test for diagnosis of suspected CAD, 
but do not preferentially recommend one appropri-
ate imaging test over another. Additionally, AUC do 
not classify the utility of a test by age, which is a 
strong predictor of CAD. In a study of asymptomatic 
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Figure 1 Prevalence of Abnormal Stress Myocardial Perfusion Single-Photon Emission Computed Tomography (SPECT) 
Stratified by Age and Appropriateness of Indication.
MPI, myocardial perfusion imaging.
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Figure 2 Prevalence of Abnormal Stress Myocardial Perfusion Single-Photon Emission Computed Tomography (SPECT) 
Stratified by Age and Appropriateness of Indication.
MPI, myocardial perfusion imaging.
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patients (who would otherwise be rarely appropriate 
for SPECT MPI) referred for stress testing, increas-
ing age was an independent predictor of ischemia 
on SPECT MPI [3]. Age greater than 74 years was 
the strongest independent predictor of ischemia 
(OR 3.65, P = 0.03), in comparison with other inde-
pendent predictors – smoking (OR 1.72, P = 0.01) 
and diabetes (OR 1.41, P = 0.001). Although an 
increasing number of CAD risk factors predicted an 
increasing prevalence of ischemia, this effect was 
lost among those aged more than 74 years, sug-
gesting a significantly greater impact of increasing 
age on myocardial ischemia when compared with 
other risk factors. Similarly, in a separate study of 
symptomatic patients undergoing exercise stress 
MPI, increasing age was an independent predictor 
of ischemic ECG response, while other CAD risk 
factors were not predictive [15].

Although AUC do not classify the appropriate-
ness level of an indication for MPI by age, they are 
likely heavily weighted by age, especially among 
those with no known CAD. The Diamond and 
Forrester criteria are often used as a guide for deter-
mining the pretest probability of CAD. On the basis 
of these criteria, the prevalence of CAD increases 
with age, for both men and women, across typical-
ity of symptoms [1]. On the basis of the Diamond 
and Forrester criteria, the pretest probability of 
CAD for men and women aged 60 years or older 
with typical angina is greater than 90%. A similar 
trend of increasing anatomical CAD on coronary 
computed tomography angiography with increas-
ing age was reported from the analysis of data 
from the Coronary CT Angiography Evaluation For 
Clinical Outcomes: An International Multicenter 
(CONFIRM) registry [16]. A recent pooled analysis 
of the data from Rule Out Myocardial Infarction/
Ischemia Using Computer Assisted Tomography-II 
(ROMICAT-II) and American College of Radiology 
Imaging Network-Pennsylvania (ACRIN-PA) stud-
ies revealed a significantly greater prevalence of 
anatomical stenosis among those aged 60 years or 
older [17]. These studies further underscore the fact 
that the elderly are a high-risk population. Although 
AUC generally advise against routine testing for 
rarely appropriate indications, this may not hold 
true across all age categories, as a substantial pro-
portion of elderly patients tested for rarely appropri-
ate indications in our cohort had abnormal SPECT 

MPI. Our results do not discount the value of AUC, 
and among patients younger than 60 years of age 
application of AUC identifies a significantly higher 
proportion of abnormal MPI among those tested for 
an appropriate indication.

Limitations

Our study population represents a relatively low-risk 
community-based population, and thus is not repre-
sentative of higher-risk tertiary care center popula-
tions. Additionally, the lack of outcome data limits 
our ability to determine if high prevalence of abnor-
mal SPECT MPI among elderly patients tested for 
rarely appropriate indications translates into a high 
rate of cardiovascular outcomes. The prevalence of 
testing for inappropriate indications is high in our 
study cohort and is likely not reflective of current 
practice. However, the study was conducted to inves-
tigate the impact of AUC on results of SPECT MPI 
and not to report adherence rates with AUC.

Conclusions

Age is a strong independent predictor of abnormal 
SPECT MPI and inducible myocardial ischemia. 
The value of age in predicting abnormal SPECT 
MPI is maintained across MPI test appropriateness 
categories. Appropriate testing identifies a greater 
prevalence of abnormal MPI in patients younger 
than 60 years of age, although it does not provide 
such a diagnostic discrimination among elderly 
patients. Cautious reliance on AUC is advised when 
one is considering elderly patients for MPI.
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