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Preface 
The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health 

Care Program as part of its mission to organize knowledge and make it available to inform 
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and 
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the 
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, 
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health 
Insurance Program (CHIP). 

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting comparative effectiveness reviews (CERs) of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies. For more information about systematic reviews, see  
http://www.effectivehealthcare.ahrq.gov/reference/purpose.cfm. 

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government 
programs, and the health care system as a whole. In addition, AHRQ is committed to presenting 
information in different formats so that consumers who make decisions about their own and their 
family’s health can benefit from the evidence. 

Transparency and stakeholder input from are essential to the Effective Health Care Program. 
Please visit the Web site (http://www.effectivehealthcare.ahrq.gov) to see draft research 
questions and reports or to join an email list to learn about new program products and 
opportunities for input. Comparative Effectiveness Reviews will be updated regularly. 

 We welcome comments on this CER. They may be sent by mail to the Task Order 
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, 
Rockville, MD 20850, or by email to epc@ahrq.hhs.gov.  
 
 
Carolyn M. Clancy, M.D. 
Director, Agency for Healthcare Research  
  and Quality  
 
 
Stephanie Chang M.D., M.P.H.  
Director, EPC Program 
Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality 
 

Jean Slutsky, P.A., M.S.P.H. 
Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality 
 
 
Elisabeth U. Kato, M.D., M.R.P. 
Task Order Officer 
Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality

 



iii 

Acknowledgments 
The authors thank Megan von Isenburg, M.L.S., for help with the literature search and retrieval. 

Key Informants 
Bonnie Arkus, R.N. 
Executive Director  
Women’s Heart Foundation 
West Trenton, NJ  
 
Javed Butler, M.D., M.P.H. 
Associate Professor of Medicine 
Emory University 
Atlanta, GA 
 
Brenda J. Clark 
Go Red for Women 
American Heart Association 
 
Stacie Daugherty, M.D., M.S.P.H. 
Assistant Professor of Cardiology 
University of Colorado 
Aurora, CO 
 
John F. Heitner, M.D. 
Director of Noninvasive Imaging 
New York Methodist Hospital 
Brooklyn, NY 
 

Mark Hlatky, M.D. 
Director, Stanford-Kaiser Cardiovascular 
Outcomes Research Center  
Stanford University 
Stanford, CA  
 
Neil Jensen, M.B.A., M.H.A. 
Director, Cardiology Networks 
United HealthCare 
Edina, MN  
 
Marcel Salive, M.D., M.P.H. 
Director, Division of Medical and Surgical 
Services 
Centers for Medicare and Medicaid 
Bethesda, MD  
 
 
 
 
 
 
 

Technical Expert Panel 
Matthew J. Budoff, M.D. 
Professor of Medicine 
University of California, Los Angeles 
Los Angeles, CA 
 
Javed Butler, M.D., M.P.H. 
Associate Professor of Medicine 
Emory University 
Atlanta, GA 
 
Stacie Daugherty, M.D., M.S.P.H. 
Assistant Professor of Cardiology 
University of Colorado 
Aurora, CO 
 

John F. Heitner, M.D. 
Director of Noninvasive Imaging 
New York Methodist Hospital 
Brooklyn, NY 
 
Mark Hlatky, M.D. 
Director, Stanford-Kaiser Cardiovascular 
Outcomes Research Center  
Stanford University 
Stanford, CA  
 
Neil Jensen, M.B.A., M.H.A. 
Director, Cardiology Networks 
United HealthCare 
Edina, MN  



iv 

Marcel Salive, M.D., M.P.H. 
Director, Division of Medical and Surgical 
Services 
Centers for Medicare and Medicaid 
Bethesda, MD  
 
Subha V. Raman, M.D., M.S. 
Cardiovascular Imaging Research Center 
Ohio State University Medical Center 
Columbus, OH 
 

Malissa J. Wood, M.D. 
Assistant Professor Medicine  
Harvard Medical School 
Boston, MA 
 
 
 
 
 
 

Peer Reviewers 
Elizabeth Barrett-Connor, M.D. 
Professor and Division Chief of 
Epidemiology 
University of California, San Diego 
San Diego, CA 
 
Kavitha M. Chinnaiyan, M.D. 
Medical Director of Noninvasive Cardiology 
Education 
Beaumont Heart Center 
Royal Oak, MI 
 
Nakela L. Cook, M.D., M.P.H. 
Division of Cardiology 
Washington Hospital Center 
Washington, DC 
 

Jean McSweeney, Ph.D., R.N. 
Associate Dean for Research 
University of Arkansas for Medical Sciences 
Little Rock, AR 
 
Lori Mosca, M.D., Ph.D., M.P.H. 
Professor of Medicine 
Director of Preventive Cardiology 
Columbia University Medical Center 
New York, NY 
 
Frank John Rybicki III, M.D., Ph.D. 
Associate Professor of Radiology 
Brigham and Women’s Hospital 
Boston, MA 
 

 

 



v 

Noninvasive Technologies for the Diagnosis of 
Coronary Artery Disease in Women 
Structured Abstract 
 
Objectives: To conduct a systematic review of the medical literature assessing (1) accuracy of 
noninvasive technologies (NITs) for diagnosing coronary artery disease (CAD) in women with 
symptoms suspicious for CAD, (2) predictors affecting test accuracy, (3) ability of NITs to 
provide risk stratification, prognostic information, inform decisionmaking about treatment 
options, and affect clinical outcomes, and (4) risks to women undergoing these tests.  
 
Data Sources: MEDLINE®, PubMed®, Embase®, and Cochrane Database of Systematic 
Reviews. 
 
Review Methods: Studies published in English through September 2011 with sex-specific 
outcomes comparing exercise/stress electrocardiography (ECG), echocardiography (ECHO), 
single proton emission computed tomography (SPECT), cardiac magnetic resonance (CMR), or 
coronary computed tomography angiography (coronary CTA) with another NIT, or with 
coronary angiography. We ran separate meta-analyses of the accuracy of each NIT modality 
compared with coronary angiography on the no known and mixed CAD populations in women 
and in men. 
 
Results: A total of 104 comparative studies (110 articles) were included. For women with no 
known CAD, the summary of accuracy for each NIT modality compared with coronary 
angiography was ECG (29 studies), sensitivity 62 percent, specificity 68 percent; ECHO (14 
studies), sensitivity 79 percent, specificity 83 percent; SPECT (14 studies), sensitivity 81 
percent, specificity 78 percent; CMR (5 studies), sensitivity 72 percent, specificity 84 percent; 
and CTA (5 studies), sensitivity 94 percent, specificity 87 percent. Compared with men, in 
women ECG and coronary CTA modalities were both less sensitive and less specific. The ECHO 
and SPECT modalities, although less sensitive, appeared to be more specific in women. The 
lower specificity of the ECG modality in women was the only statistically significant difference. 
Strength of evidence was high for ECG, ECHO, and SPECT and low for CMR and coronary 
CTA compared with coronary angiography in women. Eleven comparative studies examined 
predictors of diagnostic accuracy in women such as postmenopausal status, race/ethnicity, heart 
size, beta blocker use, and pretest probability; insufficient evidence was available to draw 
conclusions about predictors that affect accuracy. Eight studies assessed risk stratification and 
prognostic factors, two studies assessed treatment decisionmaking, and four studies provided 
comparative clinical outcomes. There is insufficient evidence on the comparative effectiveness 
of NITs to provide risk stratification, prognostic information, treatment decisionmaking, or 
impact clinical outcomes in women. Thirteen comparative studies reported risks. Of these, four 
studies of coronary CTA showed a higher mean effective radiation dose and attributable risk of 
cancer incidence in women compared with men; however, radiation safety issues were not 
discussed in other NIT modalities with radiation exposure. Thus, there was insufficient evidence 
regarding the comparative risks of various NIT modalities in women. 
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Conclusions: This systematic review provides evidence for the summary sensitivities and 
specificities of exercise/stress ECG, ECHO, SPECT, CMR, and coronary CTA compared with 
coronary angiography used for diagnosing CAD in women. There was limited or insufficient 
evidence from comparative studies to define the influence of clinical and demographic factors on 
NIT diagnostic accuracy, risk stratification, prognostic information, treatment decisions, clinical 
outcomes, and harms in women. 
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Executive Summary 
Background 

Cardiovascular disease is the leading cause of mortality for women in the United States.1 
Coronary heart disease—which includes coronary artery (or atherosclerotic) disease (CAD), 
myocardial infarction (MI), acute coronary syndromes, and angina—is the largest subset of this 
mortality.1 According to the American Heart Association (AHA), approximately one in three 
female adults has some form of cardiovascular disease. Since 1984, the number of deaths 
attributed to cardiovascular disease in women has exceeded that in men, reaching 454,613 in 
2005—more than deaths from all forms of cancer combined.2 It is estimated that 8.1 million 
women alive today have a history of heart attack, angina pectoris (chest pain or discomfort 
caused by reduced blood supply to the heart muscle), or both, and experts predict that in 2010 
alone an estimated 370,000 women will have a new or recurrent MI. Overall, women who have 
had an acute MI—particularly those older than 55 years of age—have a worse prognosis than 
men, with a greater recurrence of MI and higher mortality.1 More women (5.5 million) than men 
(4.3 million) have angina in total numbers. However, the prevalence of CAD in women with 
chest pain is about 50 percent, compared with 80 percent in men, which complicates diagnosis in 
women.3 

The AHA suggests there is evidence showing that women at risk for CAD are less often 
referred for the appropriate diagnostic test than are men.1 Coronary anatomy and pathology have 
traditionally been defined and identified by invasive, catheter-based x-ray angiography, also 
referred to as coronary angiography.4 In this invasive procedure, a catheter is inserted into the 
femoral, brachial, or radial artery and passed up through the aorta to directly engage the right and 
left coronary arteries; an iodinated contrast agent is then injected into each artery while digital x-
ray images are recorded.4 The major benefits of invasive coronary angiography over noninvasive 
techniques are that the use of a catheter makes it possible to see the coronary arteries with greater 
anatomic precision and resolution and to combine diagnosis and treatment in a single procedure. 
The limitations of the procedure include the invasive nature of the test and the limited data on the 
functional impact of a luminal obstruction. These limitations are generally considered to be 
minor when compared with the benefits of the procedure, and coronary angiography is now the 
reference (gold) standard for clinical care of patients who have chest pain suggestive of CAD.  

Coronary angiography, however, is not risk-free.4 Arterial bleeding can occur at the access 
site, and manipulation of the catheter within the aorta and coronary arteries may cause an 
atherosclerotic embolus that, in turn, could result in stroke or heart attack. Separation of material 
from the inner lining of the artery may also cause a blockage downstream of the catheter tip. The 
contrast agent used during the procedure to visualize the coronary arteries may cause 
anaphylaxis, renal impairment, or injury, and there is radiation exposure during the digital x-ray 
imaging. Although it is a rare occurrence, the catheter can puncture an artery and cause internal 
bleeding. 
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Coronary angiography is generally indicated in patients who have chest pain and are at high 
risk for CAD. For intermediate-risk patients, clinicians have a wide range of noninvasive 
diagnostic modalities to choose from, with wide variability in reported sensitivities and 
specificities. Noninvasive technologies (NITs) are especially important options for patients who 
have contraindications to invasive catheterization, or for those who would be put at higher risk 
for complications with invasive screening.4  

Types of Noninvasive Technologies 
NITs can assess functional status (i.e., ischemia or no ischemia) or visualize anatomic 

abnormalities (i.e., no CAD, nonobstructive CAD, or obstructive CAD). Types of NITs include 
the following:   

• Functional modalities: 
o Exercise/stress electrocardiography (ECG) exercise/stress or resting 
o Exercise/stress echocardiography (ECHO) with or without a contrast agent 
o Exercise/stress radionuclide myocardial perfusion imaging, including single proton 

emission computed tomography (SPECT) and positron emission tomography (PET) 
• Anatomic modalities: 

o Stress myocardial perfusion and wall motion magnetic resonance imaging (CMR) 
o Coronary computed tomography angiography (coronary CTA) 

The AHA and the American College of Cardiology (ACC) recommend that women with 
suspected CAD should be classified as either symptomatic or asymptomatic and further 
classified as being at low, intermediate, or high risk for the disease to guide the decision about 
which diagnostic test to use first.1 In 2005, the AHA developed a consensus statement on the role 
of noninvasive testing in the clinical evaluation of women with suspected CAD. In this 
statement, the AHA recommended that women who are symptomatic and at intermediate to high 
risk of having CAD should undergo noninvasive diagnostic studies (i.e., exercise 
electrocardiography and cardiac imaging studies) and that those who are asymptomatic and at 
low risk of CAD should not undergo cardiac imaging studies.1 The AHA consensus statement 
was a thorough synopsis of the extant literature regarding the diagnosis of CAD in women with 
expert-guided recommendations for the workup of symptomatic women but did not include a 
comparative effectiveness review of the accuracy of the various NIT modalities in women.  

Objectives 
The goal of this comparative effectiveness report was to conduct a systematic review of the 

peer-reviewed medical literature assessing (1) the accuracy of different NITs for diagnosing 
CAD in women with symptoms suspicious of CAD, (2) the predictors affecting test accuracy, (3) 
the ability to provide risk stratification and prognostic information, inform decisionmaking about 
treatment options, and affect clinical outcomes, and (4) the safety concerns and risks to women 
undergoing these tests. The following Key Questions (KQs) were considered in this comparative 
effectiveness review:  

• KQ 1. What is the accuracy of one NIT in diagnosing obstructive and nonobstructive 
CAD when compared with another NIT or with coronary angiography in women with 
symptoms suspicious for CAD?  
o Exercise ECG stress test, including resting ECG technology (e.g., multifunctional 
cardiogram)  
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o Exercise/stress ECHO with or without a contrast agent 
o Exercise/stress radionuclide myocardial perfusion imaging, including SPECT and 

PET 
o CMR imaging 
o Coronary CTA 

• KQ 2. What are the predictors of diagnostic accuracy (e.g., age, race/ethnicity, body size, 
heart size, menopausal status, functional status, stress modality) of different NITs in 
women?  

• KQ 3. Is there evidence that the use of NITs (when compared with other NITs or with 
coronary angiography) in women improves: 
o KQ 3a. Risk stratification/prognostic information? 
o KQ 3b. Decisionmaking regarding treatment options (e.g., revascularization, optimal 

medical therapy)? 
o KQ 3c. Clinical outcomes (e.g., death, myocardial infarction, unstable angina, 

hospitalization, revascularization, angina relief, quality of life)? 
• KQ 4. Are there significant safety concerns/risks (i.e., radiation exposure, access site 

complications, contrast agent-induced nephropathy, nephrogenic systemic fibrosis, 
anaphylaxis, arrhythmias) associated with the use of different NITs to diagnose CAD in 
women with symptoms suspicious for CAD? 
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Analytic Framework 
Figure A shows the analytic framework for the systematic review of NITs for the diagnosis 

of CAD in women. 
 

Figure A. Analytic framework 
 

 
 
Abbreviations: CAD = coronary artery disease; KQ = Key Question; NSF = nephrogenic systemic fibrosis 

Methods 

Input From Stakeholders 
The Evidence-based Practice Center (EPC) followed AHRQ’s recommended methodology, 

described in Methods Guide for Effectiveness and Comparative Effectiveness Reviews,5 for 
literature search strategies, inclusion/exclusion of studies, abstract screening, data abstraction 
and management, assessment of methodological quality of individual studies, data synthesis, and 
grading of evidence for each KQ.  

During the topic refinement stage, we solicited input from Key Informants, representing 
clinicians (cardiology, primary care, cardiac imaging), patients, scientific experts, and Federal 
agencies to help define the KQs. The KQs were then posted for public comment for 30 days, and 
the comments received were considered in the development of the research protocol. We next 
convened a Technical Expert Panel (TEP), comprising clinical, content, and methodological 
experts, to provide input in defining populations, interventions, comparisons, or outcomes as 
well as identifying particular studies or databases to search. The Key Informants and members of 
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the TEP were required to disclose any financial conflicts of interest greater than $10,000 and any 
other relevant business or professional conflicts of interest. Any potential conflicts of interest 
were balanced or mitigated. Neither Key Informants nor members of the TEP did analysis of any 
kind and did not contribute to the writing of the report.     

Data Sources and Selection 
We included studies published in English from January 1, 2000, through September 12, 

2011. Search strategies were specific to each database in order to retrieve the articles most 
relevant to the KQs. Our search strategy used the National Library of Medicine’s medical subject 
headings (MeSH) keyword nomenclature developed for MEDLINE® and adapted for use in other 
databases. We used PubMed®, Embase®, the Cochrane Database of Systematic Reviews, and the 
Cochrane Central Registry of Controlled Trials for our literature search. We also searched the 
grey literature of study registries and conference abstracts for relevant articles from completed 
trials, including Clinicaltrials.gov; metaRegister of Controlled Trials; ClinicalStudyResults.org; 
WHO: International Clinical Trials Registry Platform Search Portal; CSA Conference Papers 
Index; and Scopus. The exact search strings used in our strategy are given in Appendix A of the 
full report. Reference lists of articles applicable to the relevant KQs of previous AHRQ reports 
on this topic6,7 and from identified systematic reviews and meta-analyses were manually hand-
searched and cross-referenced against our library, and additional manuscripts were retrieved. All 
citations were imported into an electronic bibliographic database (EndNote® Version X4; 
Thomson Reuters, Philadelphia, PA). 

We developed a list of article inclusion and exclusion criteria for the KQs (Table A). Using 
the prespecified inclusion and exclusion criteria, titles and abstracts were examined 
independently by two reviewers for potential relevance to the KQs. Articles included by any 
reviewer underwent full-text screening. At the full-text screening stage, two independent 
reviewers read each article to determine if it met eligibility criteria. At the full-text review stage, 
paired researchers independently reviewed the articles and indicated a decision to “include” or 
“exclude” the article for data abstraction. When the paired reviewers arrived at different 
decisions about whether to include or exclude an article, we reconciled the difference through a 
third-party arbitrator. Articles meeting our eligibility criteria were included for data abstraction. 
Relevant systematic review articles, meta-analyses, and methods articles were flagged for hand-
searching and cross-referencing against the library of citations identified through electronic 
database searching. 
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Table A. Summary of inclusion and exclusion criteria 

Study 
Characteristic Inclusion Criteria Exclusion Criteria 

Study design An article was included if the following two 
criteria were met: 

Original data or related methodology paper of 
an included article 

Randomized controlled trial, prospective or 
retrospective observational study, or registry 

Editorial 

Not a systematic review 

Letter to editor 

Case series 

Review article, meta-analysis, or methods 
paper of an excluded article 

Not peer reviewed 

Population Study included adult women (age ≥ 18 years 
of age) who present symptoms of symptoms 
suspicious for CAD (e.g., exertional dyspnea, 
shortness of breath, and/or angina) with or 
without a known diagnosis of CAD; data for 
women must be presented separately from 
data for men 

All subjects were < 18 years of age, or some 
subjects were under < 18 but results were 
not broken down by age 

No patients had symptomatic chest pain 
(i.e., an asymptomatic population), or some 
of the patients had symptomatic chest pain 
but results were not reported separately for 
this subgroup 

All patients were known to have CAD and 
were not being tested for chest pain 
symptoms (e.g., postrevascularization 
testing to assess for persistent ischemia) 

Interventions  NITs for the diagnosis of obstructive and 
nonobstructive CAD included: 

Exercise electrocardiogram stress test 

Resting electrocardiogram technology 

Exercise/stress echocardiography with or 
without a contrast agent 

Exercise/stress radionuclide myocardial 
perfusion imaging, including single proton 
emission computed tomography and positron 
emission tomography 

Stress myocardial perfusion and wall motion 
magnetic resonance imaging  

Coronary computed tomography angiography 

Coronary artery calcium scoring by electron 
beam computed tomography since this 
modality is often used to screen 
asymptomatic patients for CAD 
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Table A. Summary of inclusion and exclusion criteria (continued) 

Study Characteristic Inclusion Criteria Exclusion Criteria 
 

   Comparators Another NIT or coronary angiography Study did not compare one NIT with 
another, or with coronary angiography 

Outcomes Primary outcome—accurate diagnosis of 
obstructive and nonobstructive CAD 

Outcomes not related to diagnostic 
accuracy for detecting CAD 

KQ 1 patient-level outcomes: 

Sensitivity 

Specificity 

True positive, false negative, true negative, false 
positive 

Indeterminate or technically inadequate results 

Prevalence 

Vessel-based outcomes 

Outcomes of women not reported 
separately from total population 

KQ 2 outcomes: Predictors of diagnostic 
accuracy—age, race/ethnicity, body size, heart 
size, menopausal status, functional status, 
stress modality 

Outcomes of women not reported 
separately from total population 

KQ 3 outcomes:  

Risk stratification/prognostic information 

Treatment —none, medical therapy, 
percutaneous coronary intervention, or coronary 
artery bypass surgery  

Clinical outcomes—death, myocardial infarction, 
unstable angina, hospitalization, 
revascularization, angina relief, quality of life 

Outcomes of women not reported 
separately from total population 

KQ 4 outcomes: Safety and adverse events—
radiation exposure, access site complications, 
contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, anaphylaxis, 
arrhythmias—and how these events varied by 
demographic factors 

Outcomes of women not reported 
separately from total population 

Setting  Inpatient or outpatient settings, primarily primary 
care and cardiology clinics 

None 

Publication languages English only Given the high volume of English-
language publications (including the 
majority of known important studies), 
non-English articles were excluded 

Abbreviations: CAD = coronary artery disease; KQ = Key Question; NIT = noninvasive technology 
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Data Extraction and Quality Assessment 
The investigative team created forms for abstracting the data elements for the KQs. Based on 

their clinical and methodological expertise, two researchers were assigned to abstract data from 
the eligible articles pertaining to the research questions. One researcher abstracted the data, and 
the second overread the article and the accompanying abstraction form to check for accuracy and 
completeness. Disagreements were resolved by consensus or by obtaining a third reviewer’s 
opinion if consensus was not reached by the first two researchers. To aid in both reproducibility 
and standardization of data collection, researchers received data abstraction instructions directly 
on each form created specifically for this project with the DistillerSR data synthesis software 
program (Evidence Partners Inc., Manotick, ON, Canada). We designed these forms to collect 
the data required to evaluate the specified eligibility criteria for inclusion in this review as well 
as to collect demographics and data needed to determine outcomes (intermediate outcomes, 
health outcomes, and safety outcomes). Appendix B of the full report lists the elements used in 
the data abstraction forms.  

Appendix C of the full report contains a bibliography of all studies included in this review, 
organized alphabetically by author. When appropriate, methods articles providing additional 
detail were considered when abstracting data for an included study.  

The studies included in this comparative effectiveness review were assessed on the basis of 
the quality of their reporting of relevant data. We evaluated the quality of individual studies 
using the approach described in AHRQ’s Methods Guide for Effectiveness and Comparative 
Effectiveness Reviews (hereafter referred to as the Methods Guide).5 To assess study quality, we 
(1) classified the study design, (2) applied predefined criteria for quality and critical appraisal, 
and (3) made a summary judgment of the study’s quality. To evaluate methodological quality, 
we applied criteria for each study type that were derived from the core elements described in the 
Methods Guide5 and from QUADAS,8 a tool for the quality assessment of studies of diagnostic 
accuracy included in systematic reviews. To indicate the summary judgment of the quality of the 
individual studies, we used the summary ratings of Good, Fair, and Poor based on the study’s 
adherence to well-accepted standard methodologies (such as QUADAS) and adequate reporting 
standards.  

We used data abstracted on the population studied, the intervention and comparator, the 
outcomes measured, settings, and timing of assessments to identify specific issues that may have 
limited the applicability of individual studies or a body of evidence as recommended in the 
Methods Guide.5,9 We used these data to evaluate the applicability to clinical practice, paying 
special attention to study eligibility criteria, demographic features of the enrolled population in 
comparison with the target population, the intervention used in comparison with technologies 
currently in use, and clinical relevance and timing of the outcome measures. We summarized 
issues of applicability qualitatively. Appendix D of the full report summarizes our assessment of 
the quality and applicability for each included study as well as the assessed QUADAS quality 
scores for diagnostic accuracy. 

Data Synthesis and Analysis 
We summarized the primary literature by abstracting relevant continuous data (e.g., age, 

sensitivity, specificity, event rates) and categorical data (e.g., race/ethnicity, presence of CAD). 
Data for patients with no known diagnosis of CAD were collected and analyzed separately from 
data for mixed CAD populations that included patients with and without known CAD. We then 
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determined the feasibility of completing a quantitative synthesis (i.e., summary receiver 
operating characteristic [SROC] curves for diagnostic accuracy or meta-analysis for other 
outcomes). The feasibility of a meta-analysis or SROC curve depended on the volume of 
relevant literature, the homogeneity of the studies in terms of the populations studied, the 
interventions included or the outcomes assessed, and the completeness of the results reporting. 
For each SROC calculation, we ran separate analyses of the accuracy of each NIT modality 
compared with coronary angiography on the no-known CAD and mixed CAD populations using 
random-effects models to quantitatively synthesize the available evidence. In our primary 
analyses, we evaluated these performance characteristics in the population of women who had no 
previously known CAD. In secondary analyses, we explored a broader patient population by 
including those studies that had women from mixed populations of known and no known CAD. 
We also assessed the impact on our findings if, in each population, we restricted our analyses to 
those studies that were assessed to be good quality. We then compared the performance 
characteristics of the NIT modalities with each other in a generalized linear mixed model. In a 
final exploratory analysis, we evaluated the test performance of the modalities in women 
compared with men in a similar generalized linear model with sex as a covariate. We presented 
summary estimates and confidence intervals (CIs).  

For synthesizing the accuracy data for studies included in our assessment of KQ 1, we used 
the following approach as advocated by Leeflang,, et al.10 This approach allows the paired nature 
of sensitivity and specificity and randomness between studies to be taken into account. The 
analyses are based on true positive (TP), false negative (FN), false positive (FP), and true 
negative (TN) frequencies abstracted from relevant publications. Estimated study specific 
sensitivity (TP/[TP+FN]) and specificity (TN/[TN+FP]) values are displayed in paired forest 
plots together with exact 95% CIs.11 The fixed-effects estimates and their variance–covariance 
matrix provided (after reverse logit transformation) summary sensitivity and specificity values 
and a joint confidence region (dotted oval shape on figures) as well as separate CIs for summary 
sensitivity and specificity as presented on figures and forest plots in the report. We used the 
Rutter and Gatsonis12 SROC curve as described by Arends,, et al.,13 and it is presented in figures 
as a solid line over the range of the available data. 
 

Grading the Body of Evidence 
The strength of evidence for each Key Question was assessed using the approach described 

in AHRQ’s Methods Guide on Medical Test Reviews for grading the evidence related to the 
diagnostic accuracy of the NITs (KQ 1),14 and the Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews for grading the evidence related to the other Key Questions 
(KQs 2–4).5,15 The evidence was evaluated using the four required domains: risk of bias (low, 
medium, or high), consistency (consistent, inconsistent, or unknown/not applicable), directness 
(direct or indirect), and precision (precise or imprecise). Additionally, when appropriate, the 
studies were evaluated for the presence of confounders that would diminish an observed effect, 
the strength of association (magnitude of effect), and publication bias. The strength of evidence 
was assigned an overall grade of High, Moderate, Low, or Insufficient according to the following 
four-level scale: 

• High—High confidence that the evidence reflects the true effect. Further research is very 
unlikely to change our confidence in the estimate of effect. 
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• Moderate—Moderate confidence that the evidence reflects the true effect. Further 
research may change our confidence in the estimate of effect and may change the 
estimate. 

• Low—Low confidence that the evidence reflects the true effect. Further research is likely 
to change the confidence in the estimate of effect and is likely to change the estimate. 

• Insufficient—Evidence either is unavailable or does not permit estimation of effect. 

Results 
The flow of articles through the literature search and screening process is depicted in Figure 

B. Of the 8,231 citations identified by our searches, 634 were duplicates. A manual search 
identified an additional 445 citations for a total of 8,042 citations. After applying 
inclusion/exclusion criteria at the title-and-abstract level, 1,772 full-text articles were retrieved 
and screened. Of these, 1,662 articles were excluded at the full-text screening stage. Of these, we 
excluded 1,376 (83 percent) for not reporting data on women and 615 (37 percent) for looking 
only at a population with known CAD. (Note that an article may have been excluded for more 
than one reason.) The final set comprised 110 articles representing 104 studies.  

Of the 104 studies, 1 was an RCT, 79 were prospective observational, and 24 were 
retrospective observational with study cohorts comprising individuals who presented for NIT 
testing and received diagnostic coronary angiography (100 studies) or another NIT modality only 
(4 studies). The four studies without coronary angiography compared ECHO with ECG16,17 or 
ECG with SPECT.18,19 Three of these studies were applicable to KQ 3,16-18 and one was 
applicable to KQ 2.19 Of the 94 studies included in the KQ 1 results, 5 reported NIT versus NIT 
comparisons in addition to coronary angiography.20-24 
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Figure B. Literature flow diagram 

 
Abbreviations: CAD = coronary artery disease; KQ = Key Question; NIT = noninvasive technology; SR = systematic review 

8231 citations identified by 
search of electronic 

databases:
MEDLINE: 6377
EMBASE:1233
Cochrane: 621

445 citations identified 
through manual 

searching

634 duplicates

8042 citations identified

6270 abstracts excluded 

1772
passed abstract screening

110 passed full-text 
screening

Reasons for exclusion*
Unable to locate full-text:  6

Section 1 exclusion:
Not English-language: 20
Conference abstract or trial registry posting:  14
Not a clinical study report:  34
Not original peer-reviewed data or a secondary analysis or registry: 84 
No data for NITs of interest: 43
Population did not include women ≥ age 18: 7

Section 2 exclusion:
No chest pain symptoms: 397
Known CAD: 615
No NIT or catheterization comparator: 273
No data for women: 1376
No outcomes of interest :167

110articles** representing 
104 studies abstracted 
into database and 
included in review:
KQ 1: 94
KQ 2: 11
KQ 3: 13
KQ 4: 13

* The total may exceed the number in the 
corresponding box because articles could be 

excluded for more than one reason at this level

1662 articles excluded

** A given article could  be used to address more 
than one KQ
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Summary of Key Findings 
We analyzed the results by study population (no known CAD and mixed CAD populations) 

and by study quality (good quality rating). Table B and Figure C show the summary sensitivities 
and specificities for each NIT modality. Table C summarizes our key findings. 
 

Table B. Summary of accuracy of NITs compared with coronary angiography for diagnosing CAD 
in women 

Modality Population Quality of 
Included 
Studies 

Number of 
Studies 

Number of 
Women 

Summary 
Sensitivity 
(95% CI) 

Summary 
Specificity 
(95% CI) 

ECG No known 
CAD 

All 
 
Good 

29 
 
10 

3,392 
 
1,410 

62% (55%–68%) 
 
70% (58%–79%) 

68% (63%–73%) 
 
62% (53%–69%) 

Mixed 
population 

All 
 
Good 

41 
 
13 

4,879 
 
1679 

61% (54%–67%) 
 
65% (52%–76%) 

65% (58%–72%) 
 
60% (52%–68%) 

ECHO No known 
CAD 

All 
 
Good 

14 
 
5 

1,286 
 
561 

79% (74%–83%) 
 
79% (69%–87%) 

83% (74%–89%) 
 
85% (68%–94%) 

Mixed 
population 

All 
 
Good 

22 
 
8 

1,873 
 
807 

78% (73%–83%) 
 
77% (65%–85%) 

86% (79%–91%) 
 
89% (76%–95%) 

SPECT No known 
CAD 

All 
 
Good 

14 
 
4 

1,000 
 
394 

81% (76%–86%) 
 
83% (52%–95%) 

78% (69%–84%) 
 
72% (37%–92%) 

Mixed 
population 

All 
 
Good 

30 
 
10 

2,146 
 
982 

82% (77%–87%) 
 
82% (72%–88%) 

81% (74%–86%) 
 
79% (66%–87%) 

CMR No known 
CAD 

All 
 
Good 

5 
 
5 

501 
 
501 

72% (55%–85%) 
 
72% (55%–85%) 

84% (69%–93%) 
 
84% (69%–93%) 

Mixed 
population 

All 
 
Good 

6 
 
5 

778 
 
610 

78% (61%–89%) 
 
76% (55%–89%) 

84% (74%–90%) 
 
84% (72%–91%) 

Coronary 
CTA 

No known 
CAD 

All 
 
Good 

5 
 
3 

474 
 
124 

93% (69%–99%) 
 
85% (26%–99%) 

77% (54%–91%) 
 
73% (17%–97%) 

Mixed 
population 

All 
 
Good 

8 
 
4 

690 
 
201 

94% (81%–98%) 
 
83% (58%–94%)  

87% (68%–96%) 
 
77%% (40%–94%) 

Abbreviations: CAD = coronary artery disease; CI = confidence interval; CMR =cardiac magnetic resonance; CTA = computed 
tomography angiography; ECG = exercise/stress electrocardiogram; ECHO = echocardiogram; SPECT = single proton emission 
computed tomography 
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Figure C. Summary of accuracy of NITs compared with coronary angiography for diagnosing CAD 
in women with no known CAD (all studies) 
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Table C. Summary of key findings 
Key Question Strength of 

Evidence 
Conclusions 

KQ 1: Diagnostic accuracy of NITs 
in women 

ECG: High 
ECHO: High 
SPECT: High 
CMR: Low 
Coronary CTA: Low 
 

94 studies described the diagnostic accuracy of NITs in comparison to another NIT or coronary 
angiography in women. Of these 94 studies, 78 studies included sufficient data to estimate the 
sensitivity and specificity of the NIT compared with coronary angiography. 
Summary from all studies with no known CAD: 
41 studies (13 good quality, 22 fair, 6 poor) of exercise ECG showed a summary sensitivity of 
62% and specificity of 68%  
22 studies (8 good quality, 13 fair, 1 poor) of exercise/stress ECHO showed a summary 
sensitivity of 79% and specificity of 83% 
30 studies (10 good quality, 15 fair, 5 poor) of exercise/stress radionuclide perfusion imaging 
(SPECT, PET) showed a summary sensitivity of 81% and specificity of 78% 
6 studies (5 good quality, 1 fair) of CMR imaging showed a summary sensitivity of 72% and 
specificity of 84% 
8 studies (4 good quality, 4 fair) of coronary CTA showed a summary sensitivity of 93% and 
specificity 77% 
Overall, within a given modality, the summary sensitivities and specificities were similar for both 
types of populations (unknown CAD and mixed known and no known CAD) and for all studies 
when compared with good-quality studies. For the newer technologies (i.e., coronary CTA and 
CMR), more studies in women would be needed to support these findings since the 95 % CIs 
were quite wide.  
In testing for a statistically significant difference between the diagnostic accuracy of testing 
modalities in women, our analyses determined that for women with no previously known CAD, 
there were differences between the performance of the available modalities (p < 0.001). The 
sensitivity of ECHO and SPECT was significantly higher than that of ECG. Specificity of ECG 
was less than that of CMR (borderline) and of ECHO. In the subset of studies that were good-
quality and where there was no known CAD in the included population, our analyses again 
demonstrated differences between performance of tests (p = 0.006) with the specificity of ECG 
being less than that of CMR and ECHO. 
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Table C. Summary of key findings (continued) 
Key Question Strength of 

Evidence 
Conclusions 

 

KQ 1 (continued)  Sensitivity analyses exploring mixed populations of women with known and no known CAD 
showed no statistically significant difference in the sensitivities and specificities from our primary 
analysis. An analysis exploring the prevalence of CAD across the different NIT modality studies 
also showed no statistically significant difference. In addition, there were very few studies (1 
SPECT, 1 ECHO, and 3 ECG) that did not complete a coronary angiography in all patients who 
underwent the NIT; therefore the results are minimized for verification bias. Finally we found no 
evidence of publication bias across the different modalities in our 4 populations of interest 
(studies of women with no known CAD, good quality studies of women with no known CAD, 
studies of women from mixed populations, and good quality studies of women from mixed 
populations). 

KQ 2: Predictors of diagnostic 
accuracy in women 
 

Insufficient 11 studies (4 good quality, 5 fair, 2 poor) described diagnostic accuracy, and 9 of these 
examined predictors of diagnostic accuracy of different NITs in women. 
Summary: 
The predictors assessed included (1) postmenopausal women ages 55 to 64 (1 study), (2) 
race/ethnicity (2 studies), (3) heart size (4 studies), (4) pretest probability (3 studies), and (5) 
use of beta blocker medications (1 study). 
We identified no studies examining the influence of age alone, functional status, or body size on 
diagnostic accuracy in women.  
In terms of the NIT modality, we found four studies of stress ECHO, six studies of stress ECG, 
two studies of CMR, and four studies of SPECT that reported these predictors.  
Insufficient evidence was available to draw definitive conclusions about predictors given the 
small number of studies for each predictor and for each modality, as well as the combination of 
predictor by modality. 

KQ 3: Improving risk 
stratification, decisionmaking, 
and outcomes in women 

Insufficient 13 studies (3 good quality, 9 fair, 1 poor) reported prognostic, outcome, or decisionmaking data 
comparing one NIT with another NIT or with coronary angiography in women with symptoms 
suspicious for CAD. 
Summary: 
We found 8 studies assessing risk stratification and prognostic information, 2 studies assessing 
decisionmaking for treatment options, and 4 studies that provided comparative clinical 
outcomes. 
There were insufficient data to demonstrate that the use of specific NITs (compared with 
coronary angiography) routinely provided incremental risk stratification, prognostic information, 
or other meaningful information to improve decisionmaking and improve patient outcomes. 
Most findings reported in the literature would require significant confirmation and replication in 
larger studies with women.  
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Table C. Summary of key findings (continued) 
Key Question Strength of 

Evidence 
Conclusions 

 

KQ 4: Safety concerns 
 

Insufficient 13 studies (9 good quality, 4 fair) reported data pertinent to safety concerns or risks associated 
with the use of NITs to diagnose CAD in women with symptoms suspicious for CAD. 
Summary: 
Safety data were reported on the following modalities: (1) stress ECG (4 studies), (2) ECHO (6 
studies), (3) SPECT (3 studies), (4) CMR (2 studies), and (5) coronary CTA (4 studies). 
Data specific to women on access site complications, contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, or anaphylaxis associated with NITs were not reported in any of 
the studies included in this report. 
Other than higher mean effective radiation doses for coronary CTA studies for women compared 
with men (from 3 out of 4 studies reporting radiation exposure levels), the extant literature does 
not provide sufficient evidence to conclude whether safety concerns, risks, or radiation exposure 
associated with different NITs to diagnose CAD in patients with suspected CAD differ 
significantly between women and men. 
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Discussion 
In summary, the findings of this comparative effectiveness review provide evidence for the 

accuracy of exercise/stress ECG, ECHO, SPECT, CMR, and coronary CTA compared with 
coronary angiography used for diagnosing CAD in women. The diagnostic accuracy appears to 
be consistent over time except for the sensitivity of CMR, which appears to be increasing over 
time (although the large confidence intervals reflect the underlying uncertainty in this measure). 
We are confident that the summary statistics for ECG, ECHO, and SPECT are robust and 
unlikely to change with the addition of new studies based on both the number of good-quality 
trials comparing these modalities with coronary angiography and the tight confidence intervals. 
More good-quality studies comparing CMR or coronary CTA with coronary angiography in the 
no-known CAD population and reporting sex-based results are needed to strengthen the 
summary statistics for those modalities.  

Decisions around performing tests (either noninvasive or invasive) in patients with symptoms 
suspicious for CAD revolve around first understanding the pretest probability and testing/action 
thresholds for patients from the AHA/ACC stable angina guidelines and appropriate use criteria 
for the various NIT modalities.25-28 Specifically, clinicians faced with patients who have a 
guideline-defined low-to-intermediate pretest probability of CAD may decide to obtain a 
noninvasive test, ideally with a high negative predictive value in this population and low risk of 
adverse events, in order to “rule out” disease. These may be patients with atypical chest pain 
(e.g., reflux or musculoskeletal disease) who are concerned about a heart problem and who 
require reassurance that their symptoms are not cardiac in origin. In contrast, in patients with 
high pretest probability of CAD (greater than 90 percent chance), a test with very high positive 
predictive value in this population and potentially more risk may be chosen since the disease of 
interest is thought to be present; in these cases, invasive angiography—the gold standard—is 
recommended by the current clinical practice guidelines. Finally, it is the spectrum of 
intermediate probability between 10 and 90 percent for which the clinicians must choose 
noninvasive tests that provide the right balance of sensitivity, specificity, and clinical risk to 
warrant testing. The choice of NIT may differ by clinician preference, availability, or setting 
(outpatient vs. chest pain unit of an emergency department).  

It is in this context that the findings of this report on the effectiveness of NITs in women 
must be considered. First, women are thought to be at lower pretest probability of CAD when 
evaluated in comparison with men of the same age. When comorbidities or risk factors are taken 
into account, the pretest likelihood increases with a higher number of comorbidities. Second, 
women susceptible to some of the adverse effects of testing may have poor test performance or 
have higher rates of complication from invasive arterial access. Third, because of body shape and 
limited functional capacity, women may not obtain the same test performance that men do from 
noninvasive testing. Finally, because of the lack of full representation of women across the 
spectrum of disease, the available literature may not provide data on performance at the ends of 
the probability spectrum. Spectrum bias may be present since the studies we evaluated had 
potentially varied populations and varied disease definitions.  

While readers may assume that requiring coronary angiography as the comparator would bias 
this report toward a higher risk CAD population, we found that the mean CAD prevalence 
ranged from 0.26 to 0.44; thus there was a broad spectrum of CAD prevalence in these studies. 
In fact, the range of CAD prevalence in this review is similar to a recent analysis of a large 
administrative database of patients referred for coronary angiography in which the prevalence of 



ES-18 
 

significant obstructive disease was 38 to 40 percent.29 The patient population that does not 
require coronary angiography can be characterized as having symptoms with low suspicion for 
CAD or pretest probability of less than 10 percent (note that all included studies enrolled patients 
with “suspected CAD”). Thus, results from this review would not apply to patients with low 
pretest probability of disease (e.g., gastroesophageal reflux, musculoskeletal pain, or panic 
attacks) where an NIT may be performed for clinical reassurance that their symptoms are 
noncardiac in origin.  

In general, because there are few patients with high pretest probability, most clinicians would 
prefer to have patients undergo one NIT prior to determining a treatment choice or referral to 
coronary angiography. More than one NIT test is often required when the initial test results are 
equivocal. Our review did not identify studies that discussed the order in which different NITs 
were used for evaluating CAD. In fact, multiple testing or layered-testing strategies are areas 
where significant research is needed. 

The current data suggest that NITs with higher sensitivity include coronary CTA and SPECT, 
and stress ECHO may represent an NIT with higher specificity. Stress CMR shows emerging 
data that may be in the upper range for both sensitivity and specificity. Additionally, the findings 
also demonstrate that NIT performance in women is not as good as in men, likely due to the 
reasons addressed above. The accuracy may also be location or operator dependent, and thus the 
results of published studies conducted at highly specialized centers may not uniformly apply to 
those seen in routine practice. Choice of NIT—and whether to use exercise or pharmacological 
stress imaging—may be influenced by functional capacity, which tends to be lower in women 
compared with men. Of note, the accuracy data for NIT modalities in men appeared a little 
higher than expected given previous meta-analyses of diagnostic accuracy data in the total 
population, which is likely because the published literature combined the accuracy data for men 
and women. Taken in context, these findings give support to the current ACC/AHA 
recommendations and studies on noninvasive testing in women. 

Women are more likely than men to have false-positive stress tests; i.e., abnormal stress 
imaging with nonobstructive CAD on coronary angiography. In fact, up to 9 percent of women 
presenting with acute coronary syndrome will not have obstructive CAD when they undergo 
coronary angiography for potential PCI.30 Some experts suggest that these phenomena are due to 
the presence of microvascular obstruction, the incidence of which is hard to determine since 
there is no clear diagnostic test used to establish the diagnosis. 

Currently, there is debate on whether NITs that measure heart function abnormalities (ECG 
abnormalities, wall motion abnormality, ischemia), including exercise ECG, stress ECHO, and 
cardiac nuclear imaging, are equivalent or inferior to NITs that measure anatomic abnormalities 
(detection of CAD) by CMR or coronary CTA. Will knowing the coronary anatomy 
(nonobstructive or obstructive) in symptomatic patients lead to better implementation of 
secondary measures—control of blood pressure, diabetes, and hyperlipidemia—to reduce future 
cardiac events? Or is it more important to intervene with medications and/or revascularization 
when ischemia is present? Though this review does not answer these important questions, we 
describe this evidence gap in the Future Research section. 

Limitations of This Review  
Despite identifying 104 studies (110 articles) that met the inclusion criteria, this systematic 

review has several limitations. First, our search focused on comparator studies of the various 
NITs with a gold standard of coronary angiography for establishing the diagnosis of CAD in 
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symptomatic patients. While this focus was adequate for identifying studies to assess the 
diagnostic accuracy of the NIT modalities in women, we found very few comparative studies 
that reported the influence of clinical characteristics or patient demographics on diagnostic 
accuracy. Few comparative studies (NIT vs. coronary angiography, or NIT vs. NIT) provided 
information on incremental risk stratification, prognostic information, or meaningful information 
regarding decisionmaking, and few reported the significant risks in women. Study results on 
these issues were reported for the total patient population and did not separate the effects by sex. 
Many of the included studies were single-sex (women) studies and limited our ability to fully 
evaluate sex differences. Also, by focusing on symptomatic patients, this report did not review 
the use of coronary artery calcium scoring for asymptomatic, high-risk populations. 

We are aware that there are several noncomparator studies of each of the NIT modalities that 
address these issues in women since routine clinical care does not require two NIT modalities or 
an NIT modality plus coronary angiography for the diagnostic workup of suspected CAD. Given 
the focus on comparative effectiveness, we did not include these noncomparator studies in our 
review. By focusing the review on comparative studies, however, we are reducing the bias that is 
inherent in noncomparative studies. Noncomparative studies have selection, spectrum, and 
intervention biases for the following reasons: The choice of NIT is determined by the treating 
provider; only a subset of patients with indeterminate or positive results are referred for further 
NIT testing or coronary angiography; and the clinical outcomes may be influenced by the 
medical treatments or revascularization options that are offered. Second, the sample size and low 
representation of women in most of the comparator studies may affect the authors’ ability to 
analyze the results by sex, therefore reducing the number of studies reporting these findings 
separately. Third, most studies lacked long-term followup of the patient population, which 
affected our ability to find studies that reported prognostic information on how the different NITs 
influenced clinical outcomes. Finally, our summary of the harms and risks of NITs is limited by 
the lack of disclosure of periprocedural and postprocedural complications in most of the studies. 

Conclusions 
This systematic review has provided evidence for the summary sensitivities and specificities 

of exercise/stress ECG, ECHO, SPECT, CMR, and coronary CTA compared with coronary 
angiography in women. There was limited or insufficient evidence on the influence of clinical 
and demographic factors on comparative diagnostic accuracy, risk stratification, prognostic 
information, treatment decisions, clinical outcomes, and harms from different NITs specifically 
in women. Modifying the search criteria to include noncomparator studies of NIT modalities 
may increase the number of studies that address this limitation. 

Future Research 
This comprehensive review of the comparative effectiveness of NIT modalities for 

diagnosing women with suspected CAD identified numerous gaps in evidence that would be 
suitable for future research and for improving the reporting of findings of NIT studies in the 
published literature.  

Randomized trials comparing functional versus anatomic modalities. Almost all the 
studies reviewed were prospective observational studies where patients already scheduled for 
coronary angiography also underwent one or two NIT modalities to assess the diagnostic 
accuracy of the NITs. In routine clinical practice, clinicians order one type of NIT modality 
based on a patient’s ability to exercise, test availability, and clinician preference. Exercise ECG, 
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stress ECHO, and nuclear imaging all measure functional parameters to assess for ischemia and 
obstructive CAD. Newer technologies such as coronary CTA and CMR offer clinicians the 
ability to evaluate anatomic parameters to assess both nonobstructive and obstructive CAD. A 
comparison of a functional testing strategy to an anatomic testing strategy for patients with 
symptomatic chest pain is currently being done in two large clinical trials (PROMISE 
[NCT001174550] and RESCUE [NCT01262625]). The information from these clinical trials 
could inform how the choice of an NIT modality affects prognosis, treatment decisions, and 
clinical outcomes.  

Studies assessing outcomes beyond diagnostic accuracy. Our review found very few 
comparative NIT studies that looked at risk stratification, prognostic information, treatment 
decisions, and clinical outcomes. Future studies, whether observational or controlled clinical 
trials, should have long-term followup of patient cohorts to assess these factors. This is important 
because a positive NIT result could lead to further testing to establish the diagnosis of CAD as 
well as lead to more attention to secondary prevention for CAD. As stated previously, multiple 
testing or layered-testing strategies, plus the influence on risk-factor modification (e.g., 
medication prescriptions and adherence), are areas where significant research is needed. 

Studies of sufficient sample size and representation of women. Many studies assessing the 
comparative diagnostic accuracy of an NIT modality with another NIT modality or with 
coronary angiography did not present a sample size calculation for the numbers needed per 
group. In addition, after excluding the women-only studies, the studies with both sexes had low 
representation of women. In order to assess sex differences in NIT diagnostic accuracy or the 
impact on clinical outcomes, a sufficient sample size is required to have adequate statistical 
power for subgroup analyses. 

Reporting sex and CAD population subgroups separately. From 1,662 citations, we 
excluded 1,376 (83 percent) for not reporting data on women and 615 (37 percent) for looking 
only at a population with known CAD. Since publication of the AHRQ report on the use of NITs 
in women,6,7 there has been an increase in the number of studies reporting sex-based differences. 
We encourage more reporting of women’s results as well as separating the results from no 
known CAD and known CAD populations. One challenge we encountered in this review was 
that the primary data representing the numbers of TP, TN, FP, and FN were not presented in 
most studies and often needed to be back-calculated based on reported sensitivities and 
specificities and underlying disease prevalence for our quantitative synthesis. It would aid future 
comparisons of modalities if study authors were to report the primary data for women and men 
separately either within the article itself or within an online supplementary appendix.  

Assessing clinical and demographic factors that influence diagnostic accuracy. 
Clinicians are taught that clinical factors such as weight, heart size, functional status, 
race/ethnicity, sex, age, and menopausal status can influence the diagnostic accuracy of various 
NIT modalities. However, we found very few comparative studies that looked at the impact of 
these clinical and demographic factors on the sensitivity and specificity of NIT results. More 
evidence about predictors affecting diagnostic cardiac testing is needed to support or dispel these 
long-held notions. Additional studies of the NIT modalities to assess differing symptomatology 
and timing at presentation, racial differences, various risk profiles, and different settings 
(outpatient, inpatient, emergency room) would be help to build the evidence base needed for 
clinical decisionmaking. 

Reporting of risk, harms, and/or safety outcomes. Diagnostic procedures to screen for 
heart disease can result in harmful clinical events (nephropathy, radiation exposure, access site 
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complications). Systematic reporting of adverse events in publications—in total and by sex—
should continue to clarify which NIT modalities are safe after they are approved for use in 
clinical practice. 

Glossary 
 

AHA American Heart Association 
ACC American College of Cardiology 
CAD coronary artery disease 
CMR cardiac magnetic resonance imaging 
CTA coronary computed tomography angiography 
ECG electrocardiogram, electrocardiography 
ECHO echocardiogram, echocardiography 
KQ Key Question 
MeSH Medical Subject Heading 
NIT noninvasive technology 
NSF nephrogenic systemic fibrosis 
PET positron emission tomography 
MI myocardial infarction 
SPECT single proton emission computed tomography 
TEP Technical Expert Panel 
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Introduction 
Background 

Cardiovascular disease is the leading cause of mortality for women in the United States.1 
Coronary heart disease—which includes coronary artery (or atherosclerotic) disease (CAD), 
myocardial infarction (MI), acute coronary syndromes, and angina—is the largest subset of this 
mortality.1 According to the American Heart Association (AHA), approximately one in three 
female adults has some form of cardiovascular disease. Since 1984, the number of deaths 
attributed to cardiovascular disease in women has exceeded that in men, reaching 454,613 in 
2005—more than deaths from all forms of cancer combined.2 It is estimated that 8.1 million 
women alive today have a history of heart attack, angina pectoris (chest pain or discomfort 
caused by reduced blood supply to the heart muscle), or both, and experts predict that in 2010 
alone an estimated 370,000 women will have a new or recurrent MI. Overall, women who have 
had an acute MI—particularly those older than 55 years of age—have a worse prognosis than 
men, with a greater recurrence of MI and higher mortality.1 More women (5.5 million) than men 
(4.3 million) have angina in total numbers. Among women older than 20 years of age, non-
Hispanic black women have the highest incidence of angina (6.7 percent) when compared with 
non-Hispanic whites (4.3 percent) and Mexican Americans (4.5 percent).2 However, the 
prevalence of CAD in women with chest pain is about 50 percent, as compared with 80 percent 
in men, which complicates diagnosis in women.3 

The AHA suggests there is evidence showing that women at risk for CAD are less often 
referred for the appropriate diagnostic test than are men.1 Coronary anatomy and pathology have 
traditionally been defined and identified by invasive, catheter-based x-ray angiography, also 
referred to as coronary angiography.4 In this invasive procedure, a catheter is inserted into the 
femoral, brachial, or radial artery and passed up through the aorta to directly engage the right and 
left coronary arteries; an iodinated contrast agent is then injected into each artery while digital x-
ray images are recorded.4 The major benefits of invasive coronary angiography over noninvasive 
techniques are that the use of a catheter makes it possible to see the coronary arteries with greater 
anatomic precision and resolution and to combine diagnosis and treatment in a single procedure. 
The limitations of the procedure include the invasive nature of the test and the limited data on the 
functional impact of a luminal obstruction. These limitations are generally considered to be 
minor when compared with the benefits of the procedure, and coronary angiography is now the 
reference (gold) standard for clinical care of patients who have chest pain suggestive of CAD.  

Coronary angiography, however, is not risk-free.4 Arterial bleeding can occur at the access 
site, and manipulation of the catheter within the aorta and coronary arteries may cause an 
atherosclerotic embolus that, in turn, could result in stroke or heart attack. Separation of material 
from the inner lining of the artery may also cause a blockage downstream of the catheter tip. The 
contrast agent used during the procedure to visualize the coronary arteries may cause 
anaphylaxis or renal impairment or injury, and there is radiation exposure during the digital x-ray 
imaging. Although it is a rare occurrence, the catheter can puncture an artery and cause internal 
bleeding. 

Coronary angiography is generally indicated in patients who have chest pain and are at high 
risk for CAD. For intermediate-risk patients, clinicians have a wide range of noninvasive 
diagnostic modalities to choose from, with wide variability in reported sensitivities and 
specificities. Noninvasive technologies (NITs) are especially important options for patients who 
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have contraindications to invasive catheterization, or for those who would be put at higher risk 
for complications with invasive screening. Included in this group would be patients who have a 
higher risk of an embolic stroke because of extensive vascular disease in the aorta; those with 
endocarditis involving the aortic valve; and those who are at high risk for developing a 
pseudoaneurysm at the site of catheter insertion because of underlying vascular disease.4  

Types of Noninvasive Technologies 
NITs can assess functional status (i.e., ischemia or no ischemia) or visualize anatomic 

abnormalities (i.e., no CAD, nonobstructive CAD, or obstructive CAD). Types of NITs include:   
• Functional modalities: 

o Exercise/stress electrocardiography (ECG) exercise/stress or resting 
o Exercise/stress echocardiography (ECHO) with or without a contrast agent 
o Exercise/stress radionuclide myocardial perfusion imaging, including single proton 

emission computed tomography (SPECT) and positron emission tomography (PET) 
• Anatomic modalities: 

o Stress myocardial perfusion and wall motion magnetic resonance imaging (CMR) 
o Coronary computed tomography angiography (coronary CTA) 

The AHA and the American College of Cardiology (ACC) recommend that women with 
suspected CAD should be classified as either symptomatic or asymptomatic and further 
classified as being at low, intermediate, or high risk for the disease to guide the decision about 
which diagnostic test to use first.1 In 2005, the AHA developed a consensus statement on the role 
of noninvasive testing in the clinical evaluation of women with suspected CAD. In this 
statement, the AHA recommended that women who are symptomatic and at intermediate to high 
risk of having CAD should undergo noninvasive diagnostic studies (i.e., exercise 
electrocardiography and cardiac imaging studies) and that those who are asymptomatic and at 
low risk of CAD should not undergo cardiac imaging studies.1 The AHA consensus statement 
was a thorough synopsis of the extant literature regarding the diagnosis of CAD in women with 
expert-guided recommendations for the workup of symptomatic women but did not include a 
comparative effectiveness review of the accuracy of the various NIT modalities in women. 

Functional Modalities 

Electrocardiographic Modalities 
Treadmill testing with exercise ECG is the oldest and most commonly used form of stress 

testing. It is widely available and has low initial costs. According to the joint AHA/ACC 
guidelines, women should undergo exercise testing if they have an intermediate risk of CAD on 
the basis of symptoms and risk factors.5 Factors that are unique to women (such as hormonal 
factors) have been reported to induce ECG changes during exercise that diminish the accuracy of 
the test. For exercise ECG, a positive test is defined, at peak exercise, by a significant ST 
segment horizontal or downsloping depression (significant level may vary by study as ≥1 mm, 1 -
2 mm, or ≥2 mm ST). ECG changes alone may not provide adequate prognostication. Exercise 
ECG has been recognized in the literature as being less sensitive and specific for diagnosing 
obstructive CAD in women than in men. Additional factors may improve the accuracy of the 
exercise test, such as chronotropic and hemodynamic responses to exercise. Despite sex-specific 
limitations, existing ACC/AHA guidelines propose that evidence of sex-specific limitations is 
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insufficient to remove the stress exercise ECG test as the initial test for symptomatic women at 
intermediate risk for CAD who have normal resting ECG results and are capable of exercise.1,5 
The AHA asserts that integrating other parameters into exercise scores (e.g., the Duke Treadmill 
Score, the ST/heart rate index) may improve the predictive value in women and that a positive 
ECG result in women indicates more diagnostic tests are necessary.1 

Another ECG-based test is the newly developed Multifunction Cardiogram® (Cardiac 
Analytics, Powell, OH). With this resting ECG technology, patients are tested while lying in a 
supine position. From the multifunction cardiogram machine, five ECG wires with electrodes are 
attached to the patient at the four standard limb-lead and precordial-lead V5 positions. An 
automatic simultaneous 2-lead (leads V5 and II) ECG sampling is recorded for 82 seconds with 
amplification and digitization, and the ECG data are then transmitted to a data center via an 
encrypted Internet connection. Results are then compiled into a report that can be reviewed on 
the multifunction cardiogram unit itself or on any computer that has a Web browser. At present, 
this device is not widely available.6 

Echocardiographic Modalities 
Exercise/stress ECHO is another noninvasive method for diagnosing CAD that provides 

information on the presence of left ventricular systolic or diastolic dysfunction, valvular heart 
disease, and the extent of infarction and stress-induced ischemia (defined as new or worsening 
wall motion abnormalities). Exercise ECHO can be performed using a treadmill or upright 
bicycle. In patients who cannot exercise, dobutamine is the most commonly used 
pharmacological stress agent. Vasodilator stress ECHO uses dipyridamole or adenosine. Contrast 
agents available for stress ECHO include SonoVue®, Optison™, and Luminity™. For stress 
ECHO, a positive test is defined by the evidence of new wall motion abnormalities in a different 
segment of the heart that can occur at stress only or at rest and stress. The AHA asserts that 
exercise/stress ECHO provides significantly higher specificity and accuracy for diagnosing 
obstructive CAD in women than standard exercise ECG testing does. Exercise/stress ECHO is 
recommended for women who are symptomatic and are at intermediate to high risk of CAD 
(women with suspected CAD must also have abnormal results from resting ECG), and 
dobutamine stress ECHO is recommended for women with normal or abnormal ECG results who 
are incapable of exercise.1 The significant advantages of stress ECHO over ECG are superior 
diagnostic performance, ability to localize areas of ischemia, and the option of performing stress 
testing on patients who are unable to exercise.3 According to a recent review, the overall 
sensitivities for exercise/stress ECHO are reported to be slightly lower in women than in men, 
although the specificities appear to be comparable for both.3  

Myocardial Perfusion Imaging Modalities 
Exercise/stress myocardial perfusion imaging, which includes SPECT, PET, and 

scintigraphy, is a nuclear-based technique that uses a combination of test elements to diagnose 
CAD. Of the imaging modalities, exercise SPECT, PET, and scintigraphy can be performed by 
using a treadmill or an upright bicycle. In patients who cannot exercise, the pharmacologic stress 
agents are dobutamine, adenosine, and dipyridamole. The radionuclides commonly used are 
technetium Tc 99m sestamibi (MIBI), thallous chloride TL-201 (thallium) and 
fluorodeoxyglucose.  
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SPECT is the most commonly performed stress imaging test in the United States, especially 
for men and women who are unable to exercise.1 Recently, the use of stress PET has increased. 
Parameters included in this modality are perfusion defects, global and regional left ventricular 
function, and left ventricular volumes. For myocardial perfusion imaging studies, a positive test 
is one that demonstrates reversible ischemia, and different scores can be used. The most 
frequently used is the summed stress score, which is a semiquantitative index obtained by adding 
the individual score derived from the 17 or 20 segments analyzed and scored during the stress 
study. Each segment is scored on a 5-point scale (0 = normal, 1 = slight reduction of tracer 
uptake, 2 = moderate reduction of tracer uptake, 3 = severe reduction of uptake, 4 = absence of 
uptake). A summed stress score <4 is considered normal; 4 to 8, mildly abnormal; 9 to 13, 
moderately abnormal; and >13, severely abnormal. Another score is based on the analysis of 
extent and severity of stress perfusion defect in the different segments of the left ventricle. This 
modality has been found to have technical limitations in women, including false-positive results, 
because of breast attenuation and a small left ventricular chamber size; however, recent advances 
in nuclear imaging have improved its accuracy (i.e., reduced the breast artifact).1  

SPECT imaging is recommended for symptomatic women with an intermediate to high risk 
of CAD in the AHA 2005 consensus statement for the role of NIT in women.1 A higher 
prevalence of single-vessel CAD among women adversely affects the diagnostic accuracy of this 
modality (as well as the ECHO modality).3  

Anatomic Modalities 
ECG, ECHO, and myocardial perfusion imaging techniques do not provide direct 

visualization of coronary artery anatomy. They evaluate cardiac electrical activity, wall motion, 
or perfusion at rest and under stress, and any abnormal findings are used to make inferences 
about the presence and severity of obstructive CAD and the need for invasive coronary artery 
imaging. Other anatomic modalities provide direct visualization of coronary anatomy similar to 
that of coronary angiography but without invasive catheterization. These include cardiac 
magnetic resonance imaging (CMR) and coronary computed tomography angiography (coronary 
CTA). For CMR, a positive test is defined by the evidence of perfusion defects (extent and 
severity) and of wall motion abnormalities (at rest and/or at stress) in different left ventricular 
segments. For coronary CTA, a significant stenosis is defined quantitatively as at least a 50-
percent narrowing (stenosis) of the coronary artery lumen. 

Recently, the AHA published a scientific statement on CMR and coronary CTA in which 
recommendations were made for the general population and were not specific to women.7 The 
AHA states that both tests are suboptimal for patients with atrial fibrillation and other 
arrhythmias, and image quality may be further reduced by a high body mass index. Overall, the 
AHA concludes that the potential benefit of noninvasive coronary angiography is likely to be 
greatest for symptomatic patients who are at intermediate risk for CAD after initial risk 
stratification, including patients with equivocal stress test results. The AHA does not recommend 
that CMR or coronary CTA be used to screen for CAD in patients without symptoms; in 
particular, concerns about the radiation dose limit the use of coronary CTA in patients who have 
a very low pretest likelihood of coronary stenoses. At the same time, patients with a high pretest 
likelihood of coronary stenoses are likely to require intervention and invasive catheter 
angiography for definitive evaluation. The AHA asserts that the main advantages of coronary 
CTA, compared with CMR, are wider availability, higher spatial resolution, and more consistent, 
shorter examinations with better patient adherence. Advantages associated with CMR include the 
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lack of need for ionizing radiation and an iodinated contrast agent. However, it is not clear 
whether the diagnostic accuracy or the relative balance of benefits and harms associated with 
either of these techniques differs between men and women.3,8 

Uncertainties Surrounding Noninvasive Diagnosis of CAD in 
Women 

Noninvasive diagnosis of CAD in women is particularly challenging for many reasons. 
Women with chest pain demonstrate a lower prevalence of CAD, and their symptoms are less 
predictive and more often atypical when compared with those of men. Additionally, women are 
often older at the time of initial diagnosis; therefore, age-related comorbidities limit their 
tolerance for exercise testing.3 Thus, many factors affect the accuracy of diagnostic testing for 
CAD in women, including: 

• Lower prevalence of CAD 
• Higher prevalence of nonobstructive CAD (microvascular abnormalities, mitral valve 

prolapse) 
• Less predictive symptomatology 
• Limited exercise tolerance because of older age, obesity, and diabetes at initial diagnosis 
• Different response to exercise than men 
• Lower peak exercise values 
• Lesser increase in the left ventricular ejection fraction 
• Increase in cardiac output by enhancing end-diastolic volume 
• Inappropriate catecholamine release 
• Hormonal influences of estrogens mimicking a digitalis-like false-positive ECG response 
• Anatomic differences affecting stress test results 
• Female breast attenuation artifacts 
• Smaller coronary artery size 
• Smaller left ventricular chamber size 
• Higher prevalence of single-vessel disease 
• Poor left ventricular opacification on echocardiography 
In addition to all the factors that may affect the accuracy of noninvasive testing in women, 

there is currently considerable variation in which tests are used and in which order. In the acute-
care setting, patients are often referred for early invasive coronary angiography as the initial risk 
stratification test although lower risk patients may be evaluated first with noninvasive testing.4 
After undergoing coronary angiography, some patients may be referred for noninvasive stress 
testing to define the functional significance of a coronary stenosis (constriction or narrowing) 
that is borderline in severity or is located such that the risk of treatment is increased.4 Some 
cardiovascular experts advocate for a diagnostic strategy that includes both anatomic information 
(from direct coronary imaging, traditionally performed by using catheter angiography) and 
functional information collected during exercise or pharmacological stress testing.4 Currently, 
there is no NIT modality that achieves both of these objectives.4 
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Relevance 
The goals of the diagnostic workup for women who have symptoms suspicious for CAD are 

to identify CAD with optimal accuracy and establish the basis for instituting preventive and 
therapeutic interventions.1 More effective diagnostic strategies are critical for women at risk of 
CAD because up to 40 percent of initial cardiac events are fatal.2 The literature suggests that, 
when compared with men, women are initially diagnosed with more advanced CAD because of 
the lack of early recognition and management.3 Therefore, a better understanding of how the 
accuracy of the many different noninvasive tests for CAD varies by sex could dramatically 
improve outcomes for many women. 

Noninvasive testing of women for CAD also raises uncertainty for decisionmakers because 
invasive coronary angiography has non-negligible patient risk. In addition, it is costly, requiring 
expensive equipment and the time and skill of highly trained physicians and support staff.7 
Although the use of noninvasive modalities to minimize the need for invasive procedures offers 
the possibility of better patient outcomes at lower cost, the wide range of diagnostic modalities—
each with advantages and disadvantages for their use—makes it difficult for clinicians, patients, 
and payers to determine which test is best or should be used or covered in a given clinical 
situation. 

Scope and Key Questions 
The following Key Questions (KQs) were considered in this comparative effectiveness 

review:  

• KQ 1. What is the accuracy of one NIT in diagnosing obstructive and nonobstructive 
CAD when compared with another NIT or with coronary angiography in women with 
symptoms suspicious for CAD?  
o Exercise ECG stress test, including resting ECG technology (e.g., multifunctional 

cardiogram)  
o Exercise/stress ECHO with or without a contrast agent 
o Exercise/stress radionuclide myocardial perfusion imaging, including SPECT and 

PET 
o CMR imaging 
o Coronary CTA 

• KQ 2. What are the predictors of diagnostic accuracy (e.g., age, race/ethnicity, body size, 
heart size, menopausal status, functional status, stress modality) of different NITs in 
women?  

• KQ 3. Is there evidence that the use of NITs (when compared with other NITs or with 
coronary angiography) in women improves: 
o KQ 3a. Risk stratification/prognostic information? 
o KQ 3b. Decisionmaking regarding treatment options (e.g., revascularization, optimal 

medical therapy)? 
o KQ 3c. Clinical outcomes (e.g., death, myocardial infarction, unstable angina, 

hospitalization, revascularization, angina relief, quality of life)? 
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• KQ 4. Are there significant safety concerns/risks (i.e., radiation exposure, access site 
complications, contrast agent-induced nephropathy, nephrogenic systemic fibrosis, 
anaphylaxis, arrhythmias) associated with the use of different NITs to diagnose CAD in 
women with symptoms suspicious for CAD? 
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Methods 
Topic Development and Refinement 

The Evidence-based Practice Center (EPC) followed AHRQ’s recommended methodology, 
described in Methods Guide for Effectiveness and Comparative Effectiveness Reviews,9 for 
literature search strategies, inclusion/exclusion of studies, abstract screening, data abstraction 
and management, assessment of methodological quality of individual studies, data synthesis, and 
grading of evidence for each Key Question (KQ).  

During the topic refinement stage, we solicited input from Key Informants representing 
clinicians (cardiology, primary care, cardiac imaging), patients, scientific experts, and Federal 
agencies, to help define the KQs. The KQs were then posted for public comment for 30 days, and 
the comments received were considered in the development of the research protocol. We next 
convened a Technical Expert Panel (TEP), comprising clinical, content, and methodological 
experts, to provide input in defining populations, interventions, comparisons, or outcomes as 
well as identifying particular studies or databases to search. The Key Informants and members of 
the TEP were required to disclose any financial conflicts of interest greater than $10,000 and any 
other relevant business or professional conflicts of interest. Any potential conflicts of interest 
were balanced or mitigated. Neither Key Informants nor members of the TEP did analysis of any 
kind and did not contribute to the writing of the report.     

Analytic Framework 
Figure 1 shows the analytic framework for the systematic review of NITs for the diagnosis of 

CAD in women. 
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Figure 1. Analytic framework 

 
 
 
 
Abbreviations: CAD = coronary artery disease, KQ = Key Question, NSF = nephrogenic systemic fibrosis 
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imported into an electronic bibliographic database (EndNote® Version X4; Thomson Reuters, 
Philadelphia, PA). 

Process for Study Selection 

Screening for Inclusion and Exclusion 
We developed a list of article inclusion and exclusion criteria for the KQs (Table 1). Using 

the prespecified inclusion and exclusion criteria, titles and abstracts were examined 
independently by two reviewers for potential relevance to the KQs. Articles included by any 
reviewer underwent full-text screening. At the full-text screening stage, two independent 
reviewers read each article to determine if it met eligibility criteria. At the full-text review stage, 
paired researchers independently reviewed the articles and indicated a decision to “include” or 
“exclude” the article for data abstraction. When the paired reviewers arrived at different 
decisions about whether to include or exclude an article, we reconciled the difference through a 
third-party arbitrator. Articles meeting our eligibility criteria were included for data abstraction. 
Relevant systematic review articles, meta-analyses, and methods articles were flagged for hand-
searching and cross-referencing against the library of citations identified through electronic 
database searching. 
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Table 1. Summary of inclusion and exclusion criteria 
Study 

Characteristic Inclusion Criteria Exclusion Criteria 

Study design An article was included if the following two 
criteria were met: 
• Original data or related methodology 

paper of an included article 
• Randomized controlled trial, prospective 

or retrospective observational study, or 
registry 

• Editorial 
• Letter to editor 
• Case series 
• Review article, meta-analysis, or 

methods paper of an excluded article 
• Not peer reviewed 

Population Study included adult women (age ≥ 18 years 
of age) who present symptoms of symptoms 
suspicious for CAD (e.g., exertional dyspnea, 
shortness of breath, and/or angina) with or 
without a known diagnosis of CAD; data for 
women must be presented separately from 
data for men 

• All subjects were < 18 years of age, or 
some subjects were under < 18 but 
results were not broken down by age 

• No patients had symptomatic chest pain 
(i.e., an asymptomatic population), or 
some of the patients had symptomatic 
chest pain but results were not reported 
separately for this subgroup 

• All patients were known to have CAD 
and were not being tested for chest pain 
symptoms (e.g., postrevascularization 
testing to assess for persistent 
ischemia) 

Interventions  NITs for the diagnosis of obstructive and 
nonobstructive CAD included: 
• Exercise electrocardiogram stress test 
• Resting electrocardiogram technology 
• Exercise/stress echocardiography with or 

without a contrast agent 
• Exercise/stress radionuclide myocardial 

perfusion imaging, including single proton 
emission computed tomography and 
positron emission tomography 

• Stress myocardial perfusion and wall 
motion magnetic resonance imaging  

• Coronary computed tomography 
angiography 

Coronary artery calcium scoring by electron 
beam computed tomography since this 
modality is often used to screen 
asymptomatic patients for CAD 

Comparators Another NIT or coronary angiography Study did not compare one NIT with another, 
or with coronary angiography 
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Table 1. Summary of inclusion and exclusion criteria (continued) 
Study Characteristic Inclusion Criteria Exclusion Criteria 

 

Outcomes Primary outcome—accurate diagnosis of 
obstructive and nonobstructive CAD 

Outcomes not related to diagnostic 
accuracy for detecting CAD 

KQ 1 patient-level outcomes: 
• Sensitivity 
• Specificity 
• True positive, false negative, true negative, 

false positive 
• Indeterminate or technically inadequate 

results 
• Prevalence 

• Vessel-based outcomes 
• Outcomes of women not reported 

separately from total population 

KQ 2 outcomes: Predictors of diagnostic 
accuracy—age, race/ethnicity, body size, heart 
size, menopausal status, functional status, stress 
modality 

Outcomes of women not reported 
separately from total population 

KQ 3 outcomes:  
• Risk stratification/prognostic information 
• Treatment —none, medical therapy, 

percutaneous coronary intervention, or 
coronary artery bypass surgery  

• Clinical outcomes—death, myocardial 
infarction, unstable angina, hospitalization, 
revascularization, angina relief, quality of life 

Outcomes of women not reported 
separately from total population 

KQ 4 outcomes: Safety and adverse events—
radiation exposure, access site complications, 
contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, anaphylaxis, 
arrhythmias—and how these events varied by 
demographic factors 

Outcomes of women not reported 
separately from total population 

Setting  Inpatient or outpatient settings, primarily primary 
care and cardiology clinics 

None 

Publication languages English only Given the high volume of English-
language publications (including the 
majority of known important studies), 
non-English articles were excluded 

Abbreviations: CAD = coronary artery disease; KQ = Key Question; NIT = noninvasive technology 

Data Extraction and Data Management 
The investigative team created forms for abstracting the data elements for the KQs. The data 

abstraction forms were piloted by two members of the study team, and refinements to clarify the 
questions and collection of data were added after the first week of data abstraction. The 
investigators who piloted the forms were also the main data abstractors. Based on their clinical 
and methodological expertise, two researchers were assigned to abstract data from the eligible 
articles pertaining to the research questions. One researcher abstracted the data, and the second 
overread the article and the accompanying abstraction form to check for accuracy and 
completeness. Disagreements were resolved by consensus or by obtaining a third reviewer’s 
opinion if consensus was not reached by the first two researchers. Any data changes during 
overreading were noted in a comment field. The overall interrater reliability was 0.76. 
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To aid in both reproducibility and standardization of data collection, researchers received 
data abstraction instructions directly on each form created specifically for this project with the 
DistillerSR data synthesis software program (Evidence Partners Inc., Manotick, ON, Canada). 
We designed these forms to collect the data required to evaluate the specified eligibility criteria 
for inclusion in this review as well as to collect demographics and data needed to determine 
outcomes (intermediate outcomes, health outcomes, and safety outcomes). The safety outcomes 
were framed to help identify radiation exposure, contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, anaphylaxis, and arrhythmias, which are the more common 
adverse events resulting from use of the different NITs. The abstraction form templates were 
pilot tested with a sample of included articles to ensure that all relevant data elements were 
captured and that there was consistency and reproducibility between abstractors. Appendix B 
lists the elements used in the data abstraction forms.  

Appendix C contains a bibliography of all studies included in this review, organized 
alphabetically by author. When appropriate, methods articles providing additional detail were 
considered when abstracting data for an included study. If a methods article was used as a source 
for information in the abstraction of a study, it was included in the review and is listed in the 
bibliography in Appendix C.  

Individual Study Quality Assessment 
The studies included in this comparative effectiveness review were assessed on the basis of 

the quality of their reporting of relevant data. We evaluated the quality of individual studies 
using the approach described in AHRQ’s Methods Guide for Effectiveness and Comparative 
Effectiveness Reviews (hereafter referred to as the Methods Guide).9 To assess study quality, we 
(1) classified the study design, (2) applied predefined criteria for quality and critical appraisal, 
and (3) made a summary judgment of the study’s quality. To evaluate methodological quality, 
we applied criteria for each study type that were derived from the core elements described in the 
Methods Guide9 and from QUADAS,12 a tool for the quality assessment of studies of diagnostic 
accuracy included in systematic reviews. To indicate the summary judgment of the quality of the 
individual studies, we used the summary ratings of Good, Fair, and Poor based on the study’s 
adherence to well-accepted standard methodologies (such as QUADAS) and adequate reporting 
standards.  

Grading was outcome specific; thus, a given study may have been graded of different quality 
for two individual outcomes reported within that study. Study design was considered when 
grading quality. Randomized controlled trials were graded as Good, Fair, or Poor. Observational 
studies were graded separately also as Good, Fair, or Poor.  

We used data abstracted on the population studied, the intervention and comparator, the 
outcomes measured, settings, and timing of assessments to identify specific issues that may have 
limited the applicability of individual studies or a body of evidence as recommended in the 
Methods Guide.9,13 We used these data to evaluate the applicability to clinical practice, paying 
special attention to study eligibility criteria, demographic features of the enrolled population in 
comparison with the target population, the intervention used in comparison with technologies 
currently in use, and clinical relevance and timing of the outcome measures. We summarized 
issues of applicability qualitatively. The quality grading and applicability were conducted in 
similar fashion to the rest of the data abstraction phase, with one investigator entering ratings, a 
second investigator overreading the entries, and disagreements resolved through consensus or a 
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third party. Appendix D summarizes our assessment of the quality and applicability for each 
included study as well as the assessed QUADAS quality scores for diagnostic accuracy. 

Data Synthesis 
We summarized the primary literature by abstracting relevant continuous data (e.g., age, 

sensitivity, specificity, event rates) and categorical data (e.g., race/ethnicity, presence of CAD). 
Data for patients with no known diagnosis of CAD were collected and analyzed separately from 
data for mixed CAD populations that included patients with and without known CAD. We then 
determined the feasibility of completing a quantitative synthesis (i.e., summary receiver 
operating characteristic [SROC] curves for diagnostic accuracy or meta-analysis for other 
outcomes). The feasibility of a meta-analysis or SROC curve depended on the volume of 
relevant literature, the homogeneity of the studies in terms of the populations studied, the 
interventions included, or the outcomes assessed, and the completeness of the results reporting. 
For each SROC calculation, we ran separate analyses of the accuracy of each NIT modality 
compared with coronary angiography on the no-known CAD and mixed CAD populations using 
random-effects models to quantitatively synthesize the available evidence. In our primary 
analyses, we evaluated these performance characteristics in the population of women who had no 
previously known CAD. In secondary analyses, we explored a broader patient population by 
including those studies that had women from a mixed population of known and no known CAD. 
We also assessed the impact on our findings if, in each population, we restricted our analyses to 
those studies that were assessed to be good quality. We then compared the performance 
characteristics of the NIT modalities with each other using a generalized linear mixed model to 
assess for differences in summary sensitivity and specificity between the NIT modalities (ECG, 
ECHO, SPECT, CTA, CMR), as well as differences in disease state (no known and mixed 
CAD). In a final exploratory analysis, we evaluated the test performance of the modalities in 
women compared with men in a separate generalized linear mixed model with sex (women, men) 
as a covariate. We presented summary estimates and confidence intervals (CIs). 

For synthesizing the accuracy data for studies included in our assessment of KQ 1, we used 
the following approach as advocated by Leeflang,, et al.14 This approach allows the paired nature 
of sensitivity and specificity and randomness between studies to be taken into account. The 
analyses are based on true positive (TP), false negative (FN), false positive (FP), and true 
negative (TN) frequencies abstracted from relevant publications. Estimated study specific 
sensitivity (TP/[TP+FN]) and specificity (TN/[TN+FP]) values are displayed in paired forest 
plots together with exact 95 % CIs.15 The summary estimates of sensitivity and specificity 
resulted from random-effects modeling with two random effects, with each study being 
considered a random realization of the underlying true distribution. In the absence of covariates, 
both the bivariate random-effects model and the hierarchical model with random effects are 
mathematically equivalent.16 We used the GLIMMIX procedure in the SAS statistical package 
(SAS Institute; Cary, NC) with maximum likelihood estimation. A binomial error model was 
used with the logit link. The unstructured covariance matrix of the two random effects was 
considered during the fitting process, and its Cholesky parameterization was used. 

The fixed-effects estimates and their variance–covariance matrix provided (after reverse logit 
transformation) summary sensitivity and specificity values and a joint confidence region (dotted 
oval shape on figures) as well as separate CIs for summary sensitivity and specificity as 
presented on figures and forest plots in the report. There were several possible choices for the 
SROC curve resulting from the random-effects modeling.17 We used the Rutter and Gatsonis18 
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SROC curve as described by Arends,, et al.,17 and it is presented in figures as a solid line over 
the range of the available data. 

In addition to our SROC curve estimation, we evaluated other available outcomes. Most 
outcomes that we analyzed in this comparative effectiveness report were binary or categorical, 
and so we summarized these outcomes by proportions. We summarized inherently continuous 
variables, such as age, by mean, median, and standard deviation.  

We also evaluated the potential of verification bias and other limitations of our synthesized 
analyses based on the underlying clinical domain and diagnostic testing practices. For example, 
angiography is often administered only to a subset of patients who are undergoing diagnostic 
tests within a studied population. This subset of patients is not a completely random sample 
because angiography-based verification of disease is often driven by previous test results and/or 
other considerations. We explored the potential for publication bias across the different 
modalities in our four populations of interest (studies of women with no known CAD, good-
quality studies of women with no known CAD, studies of women from mixed populations, and 
good-quality studies of women from mixed populations). Using methods advocated by Deeks,, et 
al.,19 we computed for each study the diagnostic odds ratio (DOR) and the effective sample size 
(ESS). Subsequently we performed regression of natural logarithm of DOR against 
1/ESS1/2 weighing by ESS, and reported the p value for testing whether slope is equal to zero. A 
nonsignificant p value indicated no evidence for publication bias. 

To explore additional sources of potential bias, we also recorded whether the diagnostic tests 
were interpreted in a blinded fashion; that is, without knowledge of results of other diagnostic 
tests or clinical history and risk factors, if such information was available in the reviewed 
studies. 
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Grading the Body of Evidence 
The strength of evidence for each KQ was assessed using the approach described in AHRQ’s 

Methods Guide on Medical Test Reviews for grading the evidence related to the diagnostic 
accuracy of the NITs (KQ 1),20 and the Methods Guide for grading the evidence related to the 
other KQs (KQs 2–4).9,21 The outcomes used for grading the body of evidence for each KQ are 
outlined in Table 1. The evidence was evaluated using the four required domains: risk of bias 
(low, medium, or high), consistency (consistent, inconsistent, or unknown/not applicable), 
directness (direct or indirect), and precision (precise or imprecise). Additionally, when 
appropriate, the studies were evaluated for the presence of confounders that would diminish an 
observed effect, the strength of association (magnitude of effect), and publication bias. The 
strength of evidence was assigned an overall grade of High, Moderate, Low, or Insufficient 
according to the following four-level scale: 

• High—High confidence that the evidence reflects the true effect. Further research is very 
unlikely to change our confidence in the estimate of effect. 

• Moderate—Moderate confidence that the evidence reflects the true effect. Further 
research may change our confidence in the estimate of effect and may change the 
estimate. 

• Low—Low confidence that the evidence reflects the true effect. Further research is likely 
to change the confidence in the estimate of effect and is likely to change the estimate. 

• Insufficient—Evidence either is unavailable or does not permit estimation of effect. 

Peer Review and Public Commentary 
The peer review process was our principal external quality-monitoring device. Nominations 

for peer reviewers were solicited from several sources, including the TEP and interested Federal 
agencies. The list of nominees was forwarded to AHRQ for vetting and approval. A list of 
reviewers submitting comments on this draft is included in the Preface of this report. 
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Results 
 

The flow of articles through the literature search and screening process is depicted in Figure 
2. Of the 8,231 citations identified by our searches, 634 were duplicates. A manual search 
identified an additional 445 citations for a total of 8,042 citations. After applying 
inclusion/exclusion criteria at the title-and-abstract level, 1,772 full-text articles were retrieved 
and screened. Of these, 1,662 articles were excluded at the full-text screening stage. We 
excluded 1376 (83 percent) for not reporting data on women and 615 (37 percent) for looking 
only at a population with known CAD. (Note that an article may have been excluded for more 
than one reason.) The final set comprised 110 articles representing 104 studies.  

Of the 104 studies, 1 was an RCT, 79 were prospective observational, and 24 were 
retrospective observational with study cohorts comprising individuals who presented for NIT 
testing and received diagnostic coronary angiography (100 studies) or another NIT modality only 
(4 studies). The four studies without coronary angiography compared ECHO with ECG22,23 or 
ECG with SPECT.24,25 Three of these studies were applicable to Key Question (KQ) 3,22-24 and 
one was applicable to KQ 2.25 Of the 94 studies included in the KQ 1 results, 5 reported NIT 
versus NIT comparisons in addition to coronary angiography.26-30  

Appendix E provides a complete list of articles excluded at the full-text screening stage, with 
reasons for exclusion. 
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Figure 2. Literature flow diagram 

 

 
Abbreviations: CAD = coronary artery disease; KQ = Key Question; NIT = noninvasive technology; SR = systematic review 
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A summary graph of the QUADAS ratings for all 104 studies is shown in Figure 3. (Refer to 
Table D-2 in Appendix D for a summary table of the QUADAS quality scores for diagnostic 
accuracy of the 104 studies included in this review.) A majority of studies uniformly applied a 
reference test (i.e., coronary angiography) that was independently performed, used blinded 
interpretation of the reference and index test, and had sufficient detail about the index test to 
allow for replicability. Many studies had a high risk of spectrum bias (i.e., patient representation 
of those who would receive the test in practice), a poor description of study withdrawals, unclear 
descriptions of clinical data available during test interpretation, and lacked descriptions of 
uninterpretable or intermediate test results. There is a possibility that sensitivity and specificity 
values may be biased because of subjects included in the studies that did not represent the 
spectrum of the population of interest; we explored the impact of the underlying prevalence of 
CAD in the population on our findings. 

 

Figure 3. QUADAS elements used to rate diagnostic accuracy 
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Key Question 1: Diagnostic Accuracy of NITs 
KQ 1. What is the accuracy of one NIT in diagnosing obstructive and 
nonobstructive CAD when compared with another NIT or with coronary 
angiography in women with symptoms suspicious for CAD?  

• Exercise ECG stress test, including resting ECG technology (e.g., 
multifunctional cardiogram)  

• Exercise/stress ECHO with or without a contrast agent 
• Exercise/stress radionuclide myocardial perfusion imaging, including 

SPECT and PET 
• CMR imaging 
• Coronary CTA 

Key Points 
Individual study performance characteristics were evaluated for each testing modality, and 

summary receiver operating characteristic (SROC) curves were calculated. These analyses 
demonstrated: 

• Overall, within a given testing modality, the summary sensitivities and specificities were 
similar for both types of populations (known and no known CAD) and for all studies 
when compared with good-quality studies. 

• When accounting for only the good-quality studies, it appeared that the diagnostic 
accuracy of detecting CAD in women was better (in descending order) for coronary CTA, 
SPECT, ECHO, CMR, and ECG, although the strength of evidence varied markedly for 
different modalities. 

• For the newer technologies (i.e., CMR and coronary CTA), more studies in women 
would be needed to support the point estimates given the wide confidence intervals (CIs) 
on the test performance. 

• For women without previously known CAD, there were statistically significant 
differences between the performance of the available modalities (p < 0.001). The 
sensitivity of ECHO and SPECT was significantly greater than that of ECG. Specificity 
of ECG was less than that of CMR (borderline) and of ECHO. 

• In the subset of studies that were good-quality and where there was no known CAD in the 
included population, there were statistically significant differences between performance 
of tests (p = 0.006), with the specificity of ECG being less than that of CMR and ECHO. 
Our ability to quantify the difference between test performance of the modalities between 
men and women was inhibited by the limited number of studies that reported both sexes 
separately in their analysis. 
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• In exploratory analysis of the difference between test performance in men and women, 
the ECG and coronary CTA modalities were both less sensitive and less specific in 
women than in men. The ECHO and SPECT modalities, although less sensitive, appeared 
to be more specific in women. The lower specificity of the ECG modality in women, 
however, is the only estimate that was determined to be a statistically significant 
difference. 

Detailed Synthesis 
In KQ 1 we sought to determine the accuracy of each NIT modality in diagnosing obstructive 

and nonobstructive CAD when compared with coronary angiography in women with symptoms 
suspicious for CAD. For this analysis, we included 94 studies describing comparative diagnostic 
accuracy of NITs. Of these 94 studies, 78 studies included sufficient data to estimate the 
sensitivity and specificity of the NIT compared with coronary angiography. This included 41 
studies examining exercise/stress ECG (13 good quality, 22 fair, 6 poor); 22 examining 
exercise/stress ECHO (8 good quality, 13 fair, 1 poor); 30 examining exercise/stress radionuclide 
myocardial perfusion imaging (e.g., SPECT or PET) (10 good quality, 15 fair, 5 poor); 6 
examining CMR (5 good, 1 fair); and 8 examining coronary CTA (4 good quality, 4 fair). 

For each testing modality, we used the individual performance characteristics to calculate an 
SROC curve and to estimate the summary sensitivity and specificity and CIs of the modality 
compared with coronary angiography. We present forest plots of the individual study estimates 
of sensitivity and specificity of each NIT for diagnosing CAD in women. Error bars in these 
plots represent 95 % CIs; the dashed vertical line represents the summary sensitivity and 
specificity for the included studies. The ROC curve illustrates the tradeoff between sensitivity 
and specificity since the threshold that defines a positive test result varies from the most stringent 
to the least stringent. Open circles represent individual study estimates of sensitivity and 
specificity. The black circle indicates the average sensitivity and specificity estimate of the study 
results, and the dashed circle represents the 95-percent confidence region around it. In our 
primary analyses, we evaluated these performance characteristics in the population of women 
who had no previously known CAD. In secondary analyses we explored a broader patient 
population including those studies that had women from a mixed population of known and no 
known CAD. We also assessed the impact on our findings if, in each population, we restricted 
our analyses to those studies that were assessed to be good quality. We then compared the 
performance characteristics of the NIT modalities with each other. In a final exploratory 
analysis, we evaluated the test performance of the modalities in women compared with men. All 
secondary analyses involved the use of separate generalized linear mixed models with covariates 
for disease state (no known versus mixed), NIT modality (ECG, ECHO, SPECT, CMR, CTA), or 
sex (women versus men).    
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ECG 
We identified 41 studies evaluating the accuracy of exercise/stress ECG compared with 

coronary angiography (Table 2).27-29,31-68 This table lists those studies that focused purely on 
women with no known CAD and then follows with the additional studies that included a mixed 
population of known and no known CAD. Within these populations, good-quality studies are 
listed first, followed by those of fair and poor quality. Twenty-nine of the ECG studies reported 
accuracy data in women with no known CAD, and these are the studies used in our primary 
analysis.  

In our secondary analysis, we evaluated the accuracy of exercise/stress ECG in diagnosing 
CAD in mixed populations of known and no known CAD. This analysis included 1 study that 
reported additional data for a mixed population61 and an additional 12 studies that reported 
findings with mixed populations of known and no known CAD. Two of these studies evaluated 
the use of resting ECG,33,49 and two studies35,50 evaluated pharmacological stressed ECG. All 
other studies evaluated exercise/stress ECG. 

Primary Analysis: Population of Women With No Known CAD 
The 29 studies represent findings on ECG use in 3,391 women (sample size ranging from 10 

to 580 women). Of these studies, 10 were good quality, 15 were fair quality, and 4 were poor 
quality. Sensitivity varied from 32 to 91 percent, and specificity varied from 40 to 100 percent; 
the median sensitivity was 61 percent, and the median specificity was 68 percent. Figure 4 
presents forest plots of the individual study estimates of sensitivity and specificity of ECG for 
diagnosing CAD in women with no known CAD. Error bars represent 95 percent CIs; the dashed 
vertical line represents the summary sensitivity and specificity for the included studies. 
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Figure 4. Accuracy of ECG in women with no known CAD 
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Figure 5 presents a summary receiver operating characteristic (SROC) curve with an average 

sensitivity of 62 percent (95% CI, 55 to 68 percent) and specificity of 68 percent (95% CI, 63 to 

73 percent). The ROC curve illustrates the tradeoff between sensitivity and specificity since the 

threshold that defines a positive test result varies from the most stringent to the least stringent. 

Open circles represent individual study estimates of sensitivity and specificity. The black circle 

indicates the average sensitivity and specificity estimate of the study results, and the dashed 

circle represents the 95-percent confidence region around it. 

 

Figure 5. SROC curve for ECG in women with no known CAD 

 
 

The prevalence of CAD on coronary angiogram in these 29 studies ranged from 18 to 67 

percent with a mean prevalence of 41 percent. In the individual studies, the positive predictive 

value (PPV) ranged from 29 to 100 percent, and the negative predictive value (NPV) ranged 

from 40 to 100 percent. The positive likelihood ratio (LR+) ranged from 0.98 to 3.00, and the 

negative likelihood ratio (LR-) ranged from 0.18 to 1.03. Using the summary sensitivity and 

specificity of 62 and 68 percent, respectively, we calculated an overall PPV of 57 percent and 

NPV of 72 percent. Similarly, we calculated summary LR+ of 1.94 and LR- of 0.56.  
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Accuracy of ECG in 10 Good-Quality Studies 
Next, we evaluated the accuracy of ECG compared with coronary angiography in the 10 

good-quality studies. In these studies, sensitivity varied from 32 to 91 percent, and specificity 

varied from 46 to 81 percent; the median sensitivity was 71 percent, and the median specificity 

was 58 percent. Figure 6 presents forest plots of the individual study estimates of sensitivity and 

specificity of ECG in 10 good-quality studies for diagnosing CAD in women with no known 

CAD. 
 

Figure 6. Accuracy of ECG in 10 good-quality studies in women with no known CAD 

 
 

Figure 7 presents an SROC curve with an average sensitivity of 70 percent (95% CI, 58 to 79 

percent) and specificity of 62 percent (95% CI, 53 to 69 percent).  
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Figure 7. SROC curve for ECG in 10 good-quality studies in women with no known CAD 

 

 
 

The prevalence of CAD in these 10 good-quality studies ranged from 18 to 67 percent with a 

mean prevalence of 38 percent. In the individual studies, PPV ranged from 29 to 77 percent, and 

NPV ranged from 50 to 96 percent. LR+ ranged from 1.30 to 2.71 and LR- from 0.18 to 0.84. 

Using the summary sensitivity and specificity of 70 and 62 percent, respectively, we calculated 

an overall PPV of 53 percent and NPV of 77 percent. Similarly, we calculated summary LR+ of 

1.84 and LR- of 0.48. 

Secondary Analysis: Mixed Population of Women With Known and No 

Known CAD 
We performed a secondary analysis where we expanded our inclusion criteria to include 

studies whose patient population included a mix of women with known CAD and women with 

no known CAD. This expanded inclusion criteria allowed an additional 12 studies to be included 

in the analysis and an additional 83 patients from one study (totaling 41 studies). The 41 studies 

represent findings on ECG use in 4946 women (sample size ranging from 10 to 613 women). Of 

these 41 studies, 13 were good quality, 22 were fair quality, and 6 were poor quality (Table 2).  

In these 41 studies, sensitivity varied from 26 to 96 percent, and specificity varied from 1 to 

100 percent; the median sensitivity was 61 percent, and the median specificity was 65 percent. 

Figure 8 presents forest plots of the individual study estimates of sensitivity and specificity of 

ECG for diagnosing CAD in women from mixed populations.  
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Figure 8. Accuracy of ECG in women from mixed populations 
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Figure 9 presents an SROC curve demonstrating an average sensitivity of 61 percent (95% 

CI, 54 to 67 percent) and specificity of 65 percent (95% CI, 58 to 72 percent).  

Figure 9. SROC curve for ECG in women from mixed populations 

 
 

 

The prevalence of CAD in these 41 studies ranged from 11 to 67 percent with a mean 

prevalence of 42 percent. In the individual studies, PPV ranged from 4 to 100 percent, and NPV 

ranged from 1 to 100 percent. LR+ ranged from 0.30 to 5.42 and LR- from 0.05 to 55.3. Using 

the summary sensitivity and specificity of 61 and 65 percent, respectively, we calculated an 

overall PPV of 56 percent and NPV of 70 percent. Similarly, we calculated summary LR+ of 

1.74 and LR- of 0.60.  

Accuracy of ECG in 13 Good-Quality Studies 
Next, we evaluated the accuracy of ECG compared with coronary angiography in the 13 

good-quality studies. In these studies, sensitivity varied from 26 to 91 percent, and specificity 

varied from 33 to 81 percent; the median sensitivity was 71 percent, and the median specificity 

was 58 percent. Figure 10 presents forest plots of the individual study estimates of sensitivity and 

specificity of ECG in 13 good-quality studies for diagnosing CAD in women from mixed 

populations.  
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Figure 10. Accuracy of ECG in 13 good-quality studies in women from mixed populations 
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Figure 11 presents an SROC curve demonstrating an average sensitivity of 65 percent (95% 

CI, 52 to 76 percent) and specificity of 60 percent (95% CI, 52 to 68 percent).  

 

Figure 11. SROC curve for ECG in 13 good-quality studies in women from mixed populations 

 
 

The prevalence of CAD in these 13 good-quality studies ranged from 18 to 67 percent with a 

mean prevalence of 37 percent. In the individual studies, PPV ranged from 28 to 77 percent, and 

NPV ranged from 31 to 96 percent. LR+ ranged from 0.39 to 2.71 and LR- from 0.18 to 2.21. 

Using the summary sensitivity and specificity of 65 and 60 percent, respectively, we calculated 

an overall PPV of 49 percent and NPV of 75 percent. Similarly, we calculated summary LR+ of 

1.62 and LR- of 0.58. 
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Table 2. Summary of accuracy data evaluating ECG for diagnosing CAD 

Study Patient 
Mix Quality Patients (N) Cath % Prevalence 

% 
Sensitivity % 

(95% CI) 
Specificity % 

(95% CI) 
PPV % 

(95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI) 
LR- 

(95% CI) 

Lu, et al., 
201028 

No 
known 
CAD  

Good 
 

76 (women) 
 

≥ 50 41 81 
(63-93) 

56 
(40-70) 

56 
(41-70) 

81 
(67-95) 

1.81 
(1.25-2.63) 

0.35 
(0.16-0.75) 

Lewandows
ki, et al., 
200741 

No 
known 
CAD  

Good 
 

192 (women) 
 
 

359 (men) 
 

≥ 50 35 
 
 

75 

32 
(22-45) 

 
20 

(16-25) 

81 
(73-87) 

 
93 

(86-98) 

48 
(33-62) 

 
90 

(82-98) 

68 
(61-76) 

 
28 

(23-34) 

1.67 
(1.02-2.75) 

 
3.06 

(1.36-6.86) 

0.84 
(0.70-1.01) 

 
0.85 

(0.79-0.93) 
Ozdemir, et 
al., 200242 

No 
known 
CAD  

Good 
 

97 (women) 
 

≥ 50 51 61 
(46-75) 

58 
(43-72) 

60 
(46-74) 

60 
(46-74) 

1.47 
(0.98-2.20) 

0.66 
(0.43-1.02) 

Gentile, et 
al., 200143 

No 
known 
CAD  

Good 
 

42 (women) 
 
 

90 (men) 
 

≥ 60 67 
 
 

89 

71 
(51-87) 

 
90 

(81-96) 

57 
(29-82) 

 
60 

(26-88) 

77 
(61-93) 

 
95 

(90-100) 

50 
(26-75) 

 
43 

(17-69) 

1.67 
(0.87-3.20) 

 
2.25 

(1.05-4.82) 

0.50 
(0.24-1.05) 

 
0.17 

(0.07-0.38) 
Koide, et al., 
200144 

No 
known 
CAD  

Good 
 

83 (women) 
 
 

190 (men) 

≥ 50 31 
 
 

53 
 

81 
(61-93) 

 
62 

(52-72) 

70 
(57-82) 

 
74 

(64-83) 

55 
(39-71) 

 
73 

(64-83) 

89 
(80-98) 

 
63 

(54-73) 

2.71 
(1.74-4.21) 

 
2.41 

(1.65-3.54) 

0.27 
(0.12-0.61) 

 
0.51 

(0.38-0.67) 
Morise, et 
al., 200045 

No 
known 
CAD  

Good 
 

42 (women) 
 

≥ 50 38 69 
(41-89) 

69 
(48-86) 

58 
(36-80) 

78 
(61-95) 

2.23 
(1.15-4.34) 

0.45 
(0.21-0.98) 

Lehmkuhl, 
et al., 200727 

No 
known 
CAD  

Good 
 

114 (women) 
 

≥ 50 39 64 
(49-78) 

55 
(43-67) 

48 
(36-61) 

70 
(58-83) 

1.43 
(1.02-2.01) 

0.65 
(0.41-1.01) 

Severi, et 
al., 199446 

No 
known 
CAD  

Good 
 

122 (women) 
 
 

307 (men) 
 

≥ 75 34 
 
 

67 
 

71 
(54-84) 

 
75 

(69-81) 

46 
(35-57) 

 
56 

(46-66) 

40 
(29-51) 

 
77 

(72-83) 

76 
(63-88) 

 
53 

(43-62) 

1.30 
(0.98-1.72) 

 
1.70 

(1.35-2.15) 

0.64 
(0.38-1.09) 

 
0.45 

(0.33-0.60) 
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Table 2. Summary of accuracy data evaluating ECG for diagnosing CAD (continued) 
Study Patient 

Mix Quality Patients (N) Cath % Prevalence 
% 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Richards, et 
al., 199547 

No 
known 
CAD  

Good 
 

62 (women) 
 

≥ 50 18 91 
(59-100) 

51 
(37-65) 

29 
(14-44) 

96 
(89-100) 

1.85 
(1.32-2.60) 

0.18 
(0.03-1.18) 

Weiner, et 
al., 197948 

No 
known 
CAD  

Good 
 

580 (women) 
 
 
1465 (men) 

≥ 70 29 
 
 
70 

76 
(69-82) 
 
80 
(77-82) 

64 
(59-69) 
 
74 
(70-78) 

46 
(40-52) 
 
88 
(86-90) 

87 
(83-91) 
 
61 
(57-65) 

2.12 
(1.82-2.47) 
 
3.08 
(2.62-3.62) 

0.37 
(0.28-0.49) 
 
0.27 
(0.24-0.31) 

Schupbach, 
et al., 
200849a 

No 
known 
CAD  

Fair 
 

116 (women) 
 
 
216 (men) 

≥ 50 42 
 
 
73 

61 
(46-75) 
 
74 
(67-80) 

79 
(67-88) 
 
86 
(78-92) 

68 
(54-82) 
 
92 
(87-97) 

74 
(63-84) 
 
47 
(38-57) 

2.93 
(1.75-4.91) 
 
4.20 
(2.28-7.74) 

0.49 
(0.34-0.71) 
 
0.41 
(0.32-0.52) 

Yeih, et al., 
200750 

No 
known 
CAD  

Fair 
 

51 (women) 
 

≥ 50 55 43 
(24-63) 

83 
(61-95) 

75 
(54-96) 

54 
(38-71) 

2.46 
(0.92-6.62) 

0.69 
(0.48-1.00) 

Michaelides, 
et al., 200751 

No 
known 
CAD  

Fair 
 

114 (women) 
 

≥ 50 54 59 
(46-71) 

40 
(26-54) 

53 
(41-65) 

46 
(31-60) 

0.98 
(0.72-1.32) 

1.03 
(0.66-1.62) 

Mieres, et 
al., 200752 

No 
known 
CAD  

Fair 
 

42 (women) 
 

≥ 50 64 67 
(46-83) 

69 
(41-89) 

78 
(61-95) 

55 
(33-77) 

2.13 
(0.98-4.63) 

0.48 
(0.26-0.91) 

Hoilund-
Carlsen, et 
al., 200553 

No 
known 
CAD  

Fair 
 

81 (women) 
 
 
105 (men) 

≥ 50 20 
 
 
44 

38 
(15-65) 
 
74 
(59-86) 

86 
(75-93) 
 
92 
(81-97) 

40 
(15-65) 
 
87 
(77-98) 

85 
(76-93) 
 
82 
(73-91) 

2.71 
(1.13-6.51) 
 
8.72 
(3.71-20.53) 

0.73 
(0.49-1.07) 
 
0.29 
(0.17-0.47) 

Rollan, et 
al., 200254 

No 
known 
CAD  

Fair 
 

48 (women) 
 

≥ 50 60 76 
(56-90) 

53 
(29-76) 

71 
(55-87) 

59 
(35-82) 

1.60 
(0.96-2.68) 

0.46 
(0.21-0.99) 

Miller, et al., 
200129 

No 
known 
CAD  

Fair 
 

205 (women) 
 
 
838 (men) 

≥ 50 60 
 
 
75 

53 
(44-62) 
 
63 
(59-67) 

69 
(58-78) 
 
74 
(68-80) 

71 
(62-81) 
 
88 
(85-91) 

50 
(41-59) 
 
40 
(35-45) 

1.70 
(1.19-2.44) 
 
2.44 
(1.92-3.09) 

0.68 
(0.54-0.86) 
 
0.50 
(0.44-0.57) 

Marwick, et 
al., 199555 

No 
known 
CAD  

Fair 
 

118 (women) 
 

≥ 50 41 77 
(63-88) 

56 
(43-68) 

54 
(43-66) 

78 
(67-89) 

1.74 
(1.28-2.36) 

0.41 
(0.24-0.72) 
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Table 2. Summary of accuracy data evaluating ECG for diagnosing CAD (continued) 
Study Patient 

Mix Quality Patients (N) Cath % Prevalence 
% 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Agati, et al., 
199256 

No 
known 
CAD  

Fair 
 

10 (women) 
 
 
22 (men) 

≥ 70 40 
 
 
82 

50 
(7-93) 
 
72 
(47-90) 

100 
(61-100) 
 
75 
(19-99) 

100 
(NA-100) 
 
93 
(79-100) 

75 
(45-100) 
 
38 
(4-71) 

NA 
 
 
2.89 
(0.52-16.16) 

0.50 
(0.19-1.33) 
 
0.37 
(0.15-0.94) 

Barolsky, et 
al., 197957 

No 
known 
CAD  

Fair 
 

92 (women) 
 
 
85 (men) 

≥ 75 33 
 
 
36 

60 
(41-77) 
 
65 
(45-81) 

68 
(55-79) 
 
89 
(77-96) 

47 
(31-63) 
 
77 
(61-93) 

78 
(67-89) 
 
81 
(71-91) 

1.86 
(1.17-2.96) 
 
5.81 
(2.61-12.90) 

0.59 
(0.37-0.95) 
 
0.40 
(0.25-0.65) 

Morise, et 
al., 199558 

No 
known 
CAD  

Fair 
 

284 (women) 
 
 
504 (men) 

≥ 50 42 
 
 
63 

33 
(24-42) 
 
40 
(35-46) 

89 
(83-93) 
 
40 
(33-47) 

68 
(56-80) 
 
53 
(47-59) 

65 
(59-71) 
 
28 
(23-33) 

3.00 
(1.81-4.98) 
 
0.66 
(0.55-0.79) 

0.75 
(066-0.86) 
 
1.51 
(1.24-1.84) 

Robert, et 
al., 199159 

No 
known 
CAD  

Fair 
 

115 (women) 
 

≥ 50 47 59 
(45-72) 

72 
(59-83) 

65 
(52-79) 

67 
(55-78) 

2.12 
(1.34-3.37) 

0.56 
(0.40-0.81) 

Guiteras, et 
al., 198260 

No 
known 
CAD  

Fair 
 

112 (women) 
 

≥ 70 38 79 
(63-90) 

66 
(53-77) 

58 
(45-71) 

84 
(74-93) 

2.29 
(1.60-3.29) 

0.33 
(0.18-0.60) 

Masini, et 
al., 198861 

No 
known 
CAD  

Fair 
 

68 (women) 
 

≥ 70 38 69 
(48-86) 

52 
(36-68) 

47 
(31-63) 

73 
(58-89) 

1.45 
(0.97-2.19) 

0.59 
(0.31-1.12) 

Santana-
Baodo, et 
al., 199868 

No 
known 
CAD 

Fair 63 (women) 
 
 
100 (men) 

≥ 50 32 
 
 
80 

60  
(36-81) 
 
69 
(57-79) 

67 
(51-81) 
 
80 
(56-94) 

46 
(27-65) 
 
93  
(87-100) 

78 
(65-92) 
 
39 
(24-54) 

1.84 
(1.05-3.22) 
 
3.43 
(1.41-8.36) 

0.59 
(0.33-1.05) 
 
0.39 
(0.26-0.58) 

Bokhari, et 
al., 200862 

No 
known 
CAD  

Poor 
 

68 (women) 
 
 
150 (men) 

≥ 50 66 
 
 
65 

33 
(20-49) 
 
37 
(27-47) 

74 
(52-90) 
 
94 
(84-99) 

71 
(52-91) 
 
92 
(84-100) 

36 
(22-50) 
 
44 
(35-53) 

1.28 
(0.57-2.85) 
 
6.37 
(2.06-19.69) 

0.90 
(0.66-1.24) 
 
0.67 
(0.57-0.79) 

Sinha, et al., 
200863 

No 
known 
CAD  

Poor 
 

50 (women) 
 

≥ 50 28 71 
(42-92) 

67 
(49-81) 

45 
(25-66) 

86 
(73-99) 

2.14 
(1.21-3.78) 

0.43 
(0.18-1.01) 
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Table 2. Summary of accuracy data evaluating ECG for diagnosing CAD (continued) 
Study Patient 

Mix Quality Patients (N) Cath % Prevalence 
% 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Sketch, et 
al., 197564 

No 
known 
CAD  

Poor 
 

56 (women) 
 
 
195 (men) 

≥ 50 20 
 
 
57 
 

45 
(17-77) 
 
51 
(42-61) 

78 
(63-89) 
 
94 
(87-98) 

33 
(9-57) 
 
92 
(85-99) 

85 
(75-96) 
 
59 
(51-68) 

2.05 
(0.88-4.77) 
 
8.63 
(3.62-20.57) 

0.70 
(0.40-1.23) 
 
0.52 
(0.42-0.63) 

Morise, et 
al., 199565 

No 
known 
CAD  

Poor 
 

288 (women) 
 
 
577 (men) 
 

≥ 50 40 
 
 
66 

55 
(45-64) 
 
58 
(53-63) 

78 
(71-84) 
 
79 
(73-85) 

62 
(53-72) 
 
84 
(80-89) 

72 
(66-79) 
 
49 
(44-55) 

2.50 
(1.80-3.46) 
 
2.77 
(2.08-3.69) 

0.58 
(0.47-0.72) 
 
0.53 
(0.46-0.61) 

Lewis, et al., 
200538 

Mixed Good 
 

74 (women) 
 

≥ 50 28 43 
(22-66) 

66 
(52-78) 

33 
(16-51) 

74 
(62-87) 

1.26 
(0.68-2.35) 

0.87 
(0.57-1.31) 

Laurienzo, 
et al., 199739 

Mixed Good 
 

81 (women) 
 

≥ 70 26 76 
(53-92) 

68 
(55-80) 

46 
(29-62) 

89 
(80-98) 

2.41 
(1.55-3.74) 

0.35 
(0.16-0.76) 

Chae, et al., 
199340 

Mixed Good 
 

114 (women) 
 

≥ 50 50 26 
(16-40) 

33 
(21-47) 

28 
(16-40) 

31 
(20-43) 

0.40 
(0.25-0.63) 

2.21 
(1.48-3.29) 

Hosokawa, 
et al., 
200833a 

Mixed Fair 
 

57 (women) 
 
 
132 (men) 
 

≥ 70 40 
 
 
41 
 

96 
(78-100) 
 
94 
(85-99) 

82 
(65-93) 
 
88 
(79-95) 

79 
(63-94) 
 
85 
(76-94) 

97 
(90-100) 
 
96 
(91-100) 

5.42 
(2.61-11.26) 
 
8.19 
(4.41-15.18) 

0.053 
(0.01-036) 
 
0.06 
(0.02-0.19) 

Svart, et al., 
201034 

Mixed Fair 
 

113 (women) 
 

≥ 50 42 52 
(37-67) 

35 
(24-48) 

37 
(26-49) 

50 
(36-64) 

0.81 
(0.58-1.12) 

1.35 
(0.87-2.11) 

Elhendy, et 
al., 199735 

Mixed Fair 
 

88 (women) 
 
 
177 (men)) 
 

≥ 50 65 
 
 
81 
 

28 
(17-42) 
 
40 
(32-49) 

81 
(63-93) 
 
85 
(68-95) 

73 
(54-91) 
 
92 
(85-99) 

38 
(26-50) 
 
25 
(17-32) 

1.45 
(0.63-3.33) 
 
2.66 
(1.16-6.11) 

0.89 
(0.70-1.13) 
 
0.70 
(0.58-0.86) 

Yamauchi, 
et al., 198536 

Mixed Fair 
 

43 (women) 
 
 
90 (men) 
 

≥ 75 47 
 
 
71 
 

70 
(46-88) 
 
70 
(58-81) 

87 
(66-97) 
 
92 
(75-99) 

82 
(64-100) 
 
96 
(90-100) 

77 
(61-93) 
 
56 
(41-71) 

5.37 
(1.80-16.02) 
 
9.14 
(2.39-34.94) 

0.35 
(0.17-0.69) 
 
0.32 
(0.22-0.48) 

Masini, et 
al., 198861 

Mixed Fair 
 

83 (women) 
 

≥ 70 47 72 
(55-85) 

52 
(37-68) 

57 
(43-71) 

68 
(52-83) 

1.50 
(1.04-2.17) 

0.54 
(0.30-0.96) 

Friedman, et 
al., 198237 

Mixed Fair 
 

60 (women) 
 

≥ 70 47 32 
(16-52) 

41 
(24-59) 

32 
(15-49) 

41 
(24-58) 

0.54 
(0.29-1.00) 

1.67 
(1.02-2.73) 
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Table 2. Summary of accuracy data evaluating ECG for diagnosing CAD (continued) 
Study Patient 

Mix Quality Patients (N) Cath % Prevalence 
% 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Maffei, et 
al., 201066 

Mixed Fair 89 (women) 
 
 
88 (men) 
 

≥ 50 11 30 
(7-65) 
 
50 
(25-75) 

1 
(0-7) 
 
35 
(24-47) 

4 
(0-8) 
 
15 
(5-24) 

13 
(0-35) 
 
76 
(61-90) 

0.30 
(0.12-0.78) 
 
0.76 
(0.46-1.28) 

55.3 
(7.56-404) 
 
1.44 
(0.80-2.58) 

Ho, et al., 
199867 

Mixed Fair 30 (women) ≥ 50 47 71 
(42-92) 
 

44 
(20-70) 
 

53 
(30-75) 
 

64 
(35-92) 
 

1.27 
(0.74-2.19) 
 

0.65 
(0.24-1.77) 
 

Cin, et al., 
200031 

Mixed Poor 110 (women) ≥ 50 65 
 

86 
(76-93) 

61 
(43-76) 

81 
(72-89) 

70 
(54-85) 

2.18 
(1.46-3.27) 

0.23 
(0.12-0.43) 

Hlatky, et 
al., 198432 

Mixed Poor 
 

613 (women) 
 
 
1656 (men) 
 

NR 41 
 
 
0 
 

57 
(51-63) 
 
72 
(70-75) 

86 
(82-89) 
 
83 
(79-86) 

74 
(68-80) 
 
92 
(90-94) 

74 
(70-79) 
 
53 
(49-57) 

4.07 
(3.09-5.37) 
 
4.28 
(3.47-5.27) 

0.50 
(0.43-0.58) 
 
0.33 
(0.30-0.37) 

aResting ECG 

Abbreviations: CAD = coronary artery disease; Cath % = % stenosis defined to be positive for CAD on diagnostic cardiac catheterization (coronary angiography); CI = confidence 
interval; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; NPV = negative predictive value; NR = not reported; PPV = positive predictive value 
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ECHO 
We identified 22 studies evaluating the accuracy of exercise/stress ECHO compared with 

coronary angiography (Table 3).
27,28,35,39,41,46,54-56,61,67,69-79

 Fourteen of these studies reported 

accuracy data in women with no known CAD, and these are the studies used in our primary 

analyses. In our secondary analyses, we evaluated the accuracy of the ECHO in diagnosing CAD 

including an additional 8 studies that reported findings with mixed populations of known and no 

known CAD as well as additional patients from one study
61

 that had data for those with no 

known CAD. None of the identified ECHO studies used contrast. 

Primary Analysis: Population of Women With No Known CAD 
The 14 studies represent findings on ECHO use in 1289 women (sample size ranging from 

14 to 192 women). Of these studies, five were good-quality, eight were fair-quality, and one was 

poor-quality. Sensitivity varied from 57 to 90 percent, specificity varied from 37 to 96 percent; 

the median sensitivity was 79 percent, and the median specificity was 82 percent. Figure 12 

presents forest plots of the individual study estimates of sensitivity and specificity of ECHO for 

diagnosing CAD in women with no known CAD.  

 

Figure 12. Accuracy of ECHO in women with no known CAD 
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Figure 13 presents an SROC curve with an average sensitivity of 79 percent (95% CI, 74 to 

83 percent) and specificity of 83 (95% CI, 74 to 89 percent).  

 

Figure 13. SROC curve for ECHO in women with no known CAD 

 
 

The prevalence of CAD in these 14 studies ranged from 29 to 66 percent with a mean 

prevalence of 44 percent. In the individual studies, PPV ranged from 60 to 90 percent, and NPV 

ranged from 37 to 96 percent. LR+ ranged from 1.25 to 18.44 and LR- from 0.13 to 0.60. Using 

the summary sensitivity and specificity of 79 and 83 percent, respectively, we calculated an 

overall PPV of 78 percent and NPV of 83 percent. Similarly, we calculated summary LR+ of 

4.65 and LR- of 0.25.  

Accuracy of ECHO in Five Good-Quality Studies 
Next, we evaluated the accuracy of ECHO compared with coronary angiography in the five 

good-quality studies. In these studies, sensitivity varied from 68 to 87 percent, specificity varied 

from 71 to 96 percent; the median sensitivity was 80 percent, and the median specificity was 82 

percent. Figure 14 presents forest plots of the individual study estimates of sensitivity and 

specificity of ECHO for diagnosing CAD in women with no known CAD.  
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Figure 14. Accuracy of ECHO in five good-quality studies in women with no known CAD 

 
 

Figure 15 presents an SROC curve with an average sensitivity of 79 percent (95% CI, 69 to 

87 percent) and specificity of 85 percent (95% CI, 68 to 94 percent).  

 

Figure 15. SROC curve for ECHO in five good-quality studies in women with no known CAD 

 
 

The prevalence of CAD in these five good-quality studies ranged from 34 to 49 percent with 

a mean prevalence of 40 percent. In the individual studies, PPV ranged from 60 to 90 percent, 

and NPV ranged from 86 to 90 percent. LR+ ranged from 2.73 to 18.44 and LR- from 0.16 to 

0.33. Using the summary sensitivity and specificity of 79 and 85 percent, respectively, we 

calculated an overall PPV of 78 percent and NPV of 86 percent. Similarly, we calculated 

summary LR+ of 5.27 and LR- of 0.25.  

Lu, 2010
Lew andow ski, 2007
Lehmkuhl, 2007
Severi, 1994
Saw ada, 1989

Summary values

Author, Year

27
54
36
28
24

4
14
9
13
4

8
36
13
3
4

37
88
56
78
25

TP FN FP TN

0.0 0.2 0.4 0.6 0.8 1.0

Sensitivity (95% CI)

0.87 (0.70-0.96)
0.79 (0.68-0.88)
0.80 (0.65-0.90)
0.68 (0.52-0.82)
0.86 (0.67-0.96)

0.79 (0.69-0.87)

Sensitivity
(95% CI)

0.0 0.2 0.4 0.6 0.8 1.0

Specificity (95% CI)

0.82 (0.68-0.92)
0.71 (0.62-0.79)
0.81 (0.70-0.90)
0.96 (0.90-0.99)
0.86 (0.68-0.96)

0.85 (0.68-0.94)

Specificity
(95% CI)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Se
ns

iti
vi

ty

1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0

Specificity

Summary values
Sensitivity (95% CI) = 0.79 (0.69-0.87)

Specif icity (95% CI) = 0.85 (0.68-0.94)



39 

 

Secondary Analysis: Mixed Population of Women With Known and No 

Known CAD 
We performed a secondary analysis where we expanded our inclusion criteria to include 

studies whose patient population included a mix of women with known CAD and women with 

no known CAD. This expanded inclusion criteria allowed an additional eight studies to be 

included in the analysis and an additional group of patients from one study (totaling 22 studies). 

The 22 studies represent findings on ECHO use in 1944 women (sample size ranging from 7 to 

192 women). Of these 22 studies, 8 were good quality, 13 were fair quality, and 1 was poor 

quality (Table 3).  

In these 22 studies, sensitivity varied from 40 to 93 percent, and specificity varied from 37 to 

100 percent; the median sensitivity was 79 percent, and the median specificity was 84 percent. 

Figure 16 presents forest plots of the individual study estimates of sensitivity and specificity of 

ECHO for diagnosing CAD in women from mixed populations.  
 

Figure 16. Accuracy of ECHO in women from mixed populations 
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Figure 17 presents an SROC curve demonstrating an average sensitivity of 78 percent (95% 

CI, 73 to 83 percent) and specificity of 86 percent (95% CI, 79 to 91 percent).  

 

Figure 17. SROC curve for ECHO in women from mixed populations 

 
 

The prevalence of CAD in these 22 studies ranged from 26 to 86 percent with a mean 

prevalence of 46 percent. In the individual studies, PPV ranged from 43 to 100 percent, and NPV 

ranged from 37 to 100 percent. LR+ ranged from 1.25 to 18.44 and LR- from 0.08 to 0.74. Using 

the summary sensitivity and specificity of 78 and 86 percent, respectively, we calculated an 

overall PPV of 82 percent and NPV of 82 percent. Similarly, we calculated summary LR+ of 

5.57 and LR- of 0.26.  

Accuracy of ECHO in Eight Good-Quality Studies 
Next, we evaluated the accuracy of ECHO compared with coronary angiography in the eight 

good-quality studies. In these studies, sensitivity varied from 40 to 87 percent, and specificity 

varied from 71 to 100 percent; the median sensitivity was 80 percent, and the median specificity 

was 84 percent. Figure 18 presents forest plots of the individual study estimates of sensitivity and 

specificity of ECHO for diagnosing CAD in women from mixed populations.  
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Figure 18. Accuracy of ECHO in eight good-quality studies in women from mixed populations 

 
 

Figure 19 presents an SROC curve demonstrating an average sensitivity of 77 percent (95% 

CI, 65 to 85 percent) and specificity of 89 percent (95% CI, 76 to 95 percent).  

 

Figure 19. SROC curve for ECHO in eight good-quality studies in women from mixed populations 
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The prevalence of CAD in these 8 good-quality studies ranged from 26 to 64 percent with a 
mean prevalence of 40 percent. In the individual studies, PPV ranged from 43 to 100 percent, 
and NPV ranged from 70 to 94 percent. LR+ ranged from 2.06 to 18.44 and LR- from 0.16 to 
0.74. Using the summary sensitivity and specificity of 77 and 89 percent, respectively, we 
calculated an overall PPV of 82 percent and NPV of 85 percent. Similarly, we calculated 
summary LR+ of 7.0 and LR- of 0.26.  
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Table 3. Summary of accuracy data evaluating ECHO for diagnosing CAD 

Study Patient 
Mix Quality Patients (N) Cath % Prevalence 

% 
Sensitivity % 

(95% CI) 
Specificity % 

(95% CI) 
PPV % 

(95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI) 
LR- 

(95% CI) 

Lu, et al., 
201028 

No known 
CAD 

Good 76 (women) ≥ 50 41 87 
(75-99) 

82 
(71-93) 

77 
(63-91) 

90 
(81-99) 

4.90 
(2.58-9.32) 

0.16 
(0.06-0.40) 

Lewandowski, 
et al., 2007 41 

No known 
CAD 

Good 192 (women) 
 
 
359 (men) 

≥ 50 35 
 
 
75 

79 
(70-89) 
 
87 
(82-91) 

71 
(63-79) 
 
66 
(55-76) 

60 
(50-70) 
 
88 
(84-92) 

86 
(80-93) 
 
63 
(53-73) 

2.74 
(2.03-3.70) 
 
2.55 
(1.91-3.41) 

0.29 
(0.18-0.47) 
 
0.20 
(0.14-0.28) 

Lehmkuhl, et 
al., 200727 

No known 
CAD 

Good 114 (women) ≥ 50 39 80 
(68-92) 

81 
(72-90) 

73 
(61-86) 

86 
(78-95) 

4.25 
(2.55-7.08) 

0.25 
(0.14-0.45) 

Severi, et al., 
199446 

No known 
CAD 

Good 122 (women) 
 
 
307 (men) 
 

≥ 75 34 
 
 
67 
 

68 
(54-83) 
 
76 
(70-82) 

96 
(92-100) 
 
84 
(76-91) 

90 
(80-100) 
 
91 
(86-95) 

86 
(79-93) 
 
64 
(56-72) 

18.44 
(5.96-57.07) 
 
4.85 
(3.07-7.66) 

0.33 
(0.21-0.52) 
 
0.28 
(0.22-0.37) 

Sawada, et 
al., 198973 

No known 
CAD 

Good 57 (women) ≥ 50 49 86 
(73-99) 

86 
(74-99) 

86 
(73-99) 

86 
(74-99) 

6.21 
(2.47-15.63) 

0.17 
(0.07-0.42) 

Rollan, et al., 
200254 

No known 
CAD 

Fair 99 (women) ≥ 50 42 69 
(55-83) 

89 
(82-97) 

83 
(70-95) 

80 
(70-90) 

6.56 
(3.00-14.36) 

0.35 
(0.22-0.55) 

Williams, et 
al., 199474 

No known 
CAD 

Fair 70 (women) ≥ 50 47 88 
(77-99) 

84 
(72-96) 

83 
(70-95) 

89 
(78-99) 

5.42 
(2.58-11.40) 

0.14 
(0.06-0.37) 

Marwick, et 
al., 199555 

No known 
CAD 

Fair 161 (women) ≥ 50 37 80 
(69-90) 

81 
(74-89) 

71 
(60-82) 

87 
(81-94) 

4.28 
(2.79-6.55) 

0.25 
(0.15-0.42) 

Dionisopoulos
, et al., 199775 

No known 
CAD 

Fair 101 (women) 
 
 
137 (men) 
 

≥ 50 66 
 
 
76 
 

90 
(82-97) 
 
85 
(78-91) 

79 
(66-93) 
 
96 
(85-99) 

90 
(82-97) 
 
98 
(96-100) 

79 
(66-93) 
 
67 
(56-79) 

4.35 
(2.24-8.46) 
 
19.2 
(4.94-74.44) 

0.13 
(0.06-0.27) 
 
0.15 
(0.10-0.23) 

Mazeika, et 
al., 199276 

No known 
CAD 

Fair 14 (women) 
 
 
41 (men) 
 

≥ 70 50 
 
 
80 
 

57 
(20-94) 
 
33 
(18-52) 

71 
(38-100) 
 
88 
(47-1.00) 

67 
(29-100) 
 
92 
(76-100) 

63 
(29-96) 
 
24 
(9-40) 

2.00 
(0.53-7.60) 
 
2.67 
(0.40-17.76) 

0.6 
(0.23-1.60) 
 
0.76 
(0.53-1.09) 

Slavich, et al., 
199677 

No known 
CAD 

Fair 49 (women) ≥ 50 45 59 
(39-80) 

75 
(58-92) 

68 
(48-89) 

67 
(49-84) 

2.36 
(1.09-5.13) 

0.55 
(0.31-0.95) 

Takeuchi, et 
al., 199678 

No known 
CAD 

Fair 70 (women) ≥ 50 29 75 
(56-94) 

92 
(84-100) 

79 
(61-97) 

90 
(82-98) 

9.38 
(3.54-24.82) 

0.27 
(0.13-0.58) 
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Table 3 Summary of accuracy data evaluating ECHO for diagnosing CAD (continued) 
Study Patient 

Mix Quality Patients (N) Cath % Prevalence 
% 

Sensitivity % 
(95% CI) 

Specificity % 
(95% CI) 

PPV % 
(95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI) 

LR- 
(95% CI) 

Masini, et al., 
198861 

No known 
CAD 

Fair 68 (women) ≥ 70 38 77 
(61-93) 

93 
(85-100) 

87 
(73-100) 

87 
(77-97) 

10.77 
(3.55-32.70) 

0.25 
(0.12-0.50) 

Roger, et al., 
199779 

No known 
CAD 

Poor 96 (women) 
 
 
244 (men) 
 

≥ 50 60 
 
 
80 
 

79 
(69-90) 
 
78 
(71-83) 

37 
(22-52) 
 
44 
(30-59) 

66 
(55-77) 
 
84 
(79-90) 

54 
(35-73) 
 
34 
(22-45) 

1.26 
(0.95-1.66) 
 
1.39 
(1.08-1.80) 

0.56 
(0.29-1.08) 
 
0.50 
(0.33-0.76) 

Laurienzo, et 
al., 199739 

Mixed Good 84 (women) ≥ 70 26 82 
(66-98) 

100 
(95-100) 

100 
(83-100) 

94 
(88-100) 

NA 0.18 
(0.07-0.44) 

Elhendy, et 
al., 199871 

Mixed Good 70 (women) ≥ 50 64 78 
(66-90) 

92 
(81-100) 

95 
(87-100) 

70 
(54-85) 

9.72 
(2.55-37.07) 

0.24 
(0.14-0.42) 

Lewis, et al., 
199972 

Mixed Good 92 (women) ≥ 50 27 40 
(21-59) 

81 
(71-90) 

43 
(23-64) 

78 
(69-88) 

2.06 
(1.04-4.09) 

0.74 
(0.53-1.05) 

Shin, et al., 
200369 

Mixed Fair 162 (women) 
 
 
302 (men) 

≥ 50 34 
 
 
55 

82 
(72-92) 
 
79 
(72-85) 

71 
(62-80) 
 
80 
(72-86) 

59 
(48-70) 
 
83 
(77-89) 

88 
(82-95) 
 
76 
(68-83) 

2.82 
(2.05-3.90) 
 
3.95 
(2.80-5.59) 

0.26 
(0.14-0.45) 
 
0.26 
(0.19-0.36) 

Elhendy, et 
al., 199735 

Mixed Fair 96 (women) 
 
 
210 (men) 

≥ 50 65 
 
 
81 
 

76 
(65-86) 
 
73 
(66-80) 

94 
(86-100) 
 
77 
(61-89) 

96 
(90-100) 
 
93 
(89-98) 

68 
(55-81) 
 
39 
(28-50) 

12.89 
(3.33-49.80) 
 
3.17 
(1.77-5.66) 

0.26 
(0.16-0.40) 
 
0.35 
(0.26-0.47) 

Bjornstad, et 
al., 199570 

Mixed Fair 7 (women) 
 
 
30 (men) 

≥ 50 86 
 
 
93 

83 
(54-100) 
 
68 
(48-84) 

100 
(NA-100) 
 
100 
(55-1.00) 

100 
(40-100) 
 
100 
(84-100) 

50 
(NA-100) 
 
36 
(11-61) 

NA 
 
 
NA 
 

0.17 
(0.03-1.00) 
 
0.32 
(0.19-0.55) 

Agati, et al., 
199256 

Mixed Fair 10 (women) 
 
 
22 (men) 

≥ 70 50 
 
 
86 

80 
(45-100) 
 
95 
(74-1.00) 

100 
(40-100) 
 
100 
(37-1.00) 

100 
(25-100) 
 
100 
(83-100) 

83 
(54-100) 
 
75 
(33-100) 

NA 
 
 
NA 
 

0.20 
(0.03-1.15) 
 
0.05 
(0.01-0.35) 

Masini, et al., 
198861 

Mixed Fair 83 (women) ≥ 70 47 
 

79 
(67-92) 

93 
(86-100) 

91 
(82-100) 

84 
(73-94) 

11.66 
(3.87-35.16) 

0.22 
(0.12-0.41) 

Ho, et al., 
199867 

Mixed Fair 51 (women) ≥ 50 57 93 
(77-99) 

82 
(60-95) 

87 
(75-99) 

90 
(77-100) 

5.12 
(2.10-12.49) 

0.08 
(0.02-0.32) 

Abbreviations: CAD = coronary artery disease; Cath % = % stenosis defined to be positive for CAD on diagnostic cardiac catheterization (coronary angiography); CI = confidence 
interval; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; NPV = negative predictive value; NR = not reported; PPV = positive predictive value
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SPECT  
We identified 30 studies evaluating the accuracy of SPECT compared with coronary 

angiography (Table 4).
26,28,37,39,40,43,50,52,54,62,67,68,71,77,78,80-94

 Fourteen of these studies were 

conducted exclusively in women with no known CAD, and these are the studies used in our 

primary analysis. In our secondary analysis, we evaluated the accuracy of SPECT in diagnosing 

CAD in mixed populations of known and no known CAD, including 16 additional studies.  

Primary Analysis: Population of Women With No Known CAD 
The 14 studies represent findings on SPECT use in 1000 women (sample size ranging from 

19 to 184 women). Of these studies, four were good quality, nine were fair quality, and 1 was 

poor quality. Sensitivity varied from 62 to 93 percent, and specificity varied from 50 to 91 

percent; the median sensitivity was 82 percent, and the median specificity was 81 percent. Figure 

20 presents forest plots of the individual study estimates of sensitivity and specificity of SPECT 

for diagnosing CAD in women with no known CAD.  
 

Figure 20. Accuracy of SPECT in women with no known CAD 
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Figure 21 presents an SROC curve with an average sensitivity of 81 percent (95% CI, 76 to 

86 percent) and specificity of 78 percent (95% CI, 69 to 84 percent). 

 

Figure 21. SROC curve for SPECT in women with no known CAD 

 
 

The prevalence of CAD in these 14 studies ranged from 14 to 67 percent with a mean 

prevalence of 45 percent. In the individual studies, PPV ranged from 36 to 89 percent, and NPV 

ranged from 50 to 91 percent. LR+ ranged from 1.86 to 9.14 and LR- from 0.12 to 0.47 

respectively. Using the summary sensitivity and specificity of 81 and 78 percent, respectively, 

we calculated an overall PPV of 75 percent and a negative predictive value of 83 percent. 

Similarly, we calculated summary LR+ of 3.68 and LR- of 0.24.  

Accuracy of SPECT in Four Good-Quality Studies 
Next, we evaluated the accuracy of SPECT compared with coronary angiography in the four 

good-quality studies. In these studies, sensitivity varied from 62 to 93 percent, and specificity 

varied from 50 to 91 percent; the median sensitivity was 83 percent, and the median specificity 

was 68 percent. Figure 22 presents forest plots of the individual study estimates of sensitivity and 

specificity of SPECT for diagnosing CAD in women with no known CAD.  
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Figure 22. Accuracy of SPECT in four good-quality studies in women with no known CAD 

 
 

Figure 23 presents an SROC curve with an average sensitivity of 83 percent (95% CI, 52 to 

95 percent) and specificity of 72 percent (95% CI, 37 to 92 percent). It is important to note that 

given the small number of studies and wide confidence intervals that these summary statistics 

should be interpreted with caution. 

 

Figure 23. SROC curve for SPECT in four good-quality studies in women with no known CAD 
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The prevalence of CAD in these 4 good-quality studies ranged from 14 to 67 percent with a 
mean prevalence of 38 percent. In the individual studies, PPV ranged from 36 to 79 percent, and 
NPV ranged from 78 to 93 percent. LR+ ranged from 1.86 to 8.0 and LR- from 0.14 to 0.47. 
Using the summary sensitivity and specificity of 83 and 72 percent, respectively, we calculated 
an overall PPV of 65 percent and NPV of 88 percent. Similarly, we calculated summary LR+ of 
2.96 and LR- ratio of 0.24. 

Secondary Analysis: Mixed Population of Women With Known and No 
Known CAD 

We performed a secondary analysis where we expanded our inclusion criteria to include 
studies whose patient population included a mix of women with known CAD and women with 
no known CAD. This expanded inclusion criteria allowed an additional 16 studies to be included 
in our analysis (totaling 30 studies). The 30 studies represent findings on SPECT use in 2157 
women (sample size ranging from 14 to 243 women). Of these 30 studies, 10 were good quality, 
15 were fair quality, and 5 were poor quality (Table 4).  

In these 30 studies, sensitivity varied from 15 to 100 percent, and specificity varied from 27 
to 100 percent; the median sensitivity was 83 percent, and the median specificity was 81 percent. 
Figure 24 presents forest plots of the individual study estimates of sensitivity and specificity of 
SPECT for diagnosing CAD in women from mixed populations.  
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Figure 24. Accuracy of SPECT in women from mixed populations 
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Figure 25 presents an SROC curve demonstrating an average sensitivity of 82 percent (95% 

CI, 77 to 87 percent) and specificity of 81 percent (95% CI, 74 to 86 percent).  
 

Figure 25. SROC curve for SPECT in women from mixed populations 
 

 

 

The prevalence of CAD in the 30 studies ranged from 14 to 96 percent with a mean 

prevalence of 54 percent. In the individual studies, PPV ranged from 36 to 100 percent, and NPV 
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summary sensitivity and specificity of 82 and 81 percent, respectively, we calculated an overall 

PPV of 84 percent and NPV of 79 percent. Similarly, we calculated summary LR+ of 4.32 and 

LR- of 0.22. 

Accuracy of SPECT in 10 Good-Quality Studies 
Next, we evaluated the accuracy of SPECT compared with coronary angiography in the 10 

good-quality studies. In these studies, sensitivity varied from 62 to 94 percent, and specificity 

varied from 50 to 100 percent; the median sensitivity was 81 percent, and the median specificity 

was 84 percent. Figure 26 presents forest plots of the individual study estimates of sensitivity and 

specificity of SPECT for diagnosing CAD in women with from mixed populations.  
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Figure 26. Accuracy of SPECT in 10 good-quality studies in women from mixed populations 

 
 

Figure 27 presents an SROC curve demonstrating an average sensitivity of 82 percent (95% 

CI, 72 to 88 percent) and specificity of 79 percent (95% CI, 66 to 87 percent).  
 

Figure 27. SROC curve for SPECT in 10 good-quality studies in women from mixed populations 
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summary LR+ of 3.90 and LR- of 0.23. 
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Table 4. Summary of accuracy data evaluating SPECT for diagnosing CAD 

Study Patient 
Mix 

Qualit
y Patients (N) Cath % Prevalence 

% 
Sensitivity 

% 
(95% CI) 

Specificity 
% 

(95% CI) 
PPV % 

(95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI) 
LR- 

(95% CI) 

Lu, et al., 
201028 

No known 
CAD 

Good 76 (women) ≥ 50 41 90 
(74-98) 

53 
(38-68) 

57 
(43-71) 

89 
(77-100) 

1.94 
(1.39-2.70) 

0.18 
(0.06-0.55) 

Doyle, et 
al., 200326 

No known 
CAD 

Good 184 
(women) 

≥ 70 14 62 
(41-80) 

82 
(75-88) 

36 
(22-51) 

93 
(89-97) 

3.47 
(2.21-5.46) 

0.47 
(0.29-0.76) 

Gentile, et 
al., 200143 

No known 
CAD 

Good 42 (women) 
 
 
90 (men) 
 

≥ 60 67 
 
 
89 
 

93 
(76-99) 
 
94 
(86-98) 

50 
(23-77) 
 
60 
(26-88) 

79 
(65-93) 
 
95 
(90-100) 

78 
(51-100) 
 
55 
(25-84) 

1.86 
(1.09-3.17) 
 
2.34 
(1.09-5.02) 

0.14 
(0.03-0.60) 
 
0.10 
(0.04-0.28) 

Hung, et al., 
198490 

No known 
CAD 

Good 92 (women) ≥ 70 30 75 
(55-89) 

91 
(81-96) 

78 
(62-93) 

89 
(82-97) 

8 
(3.63-17.6) 

0.28 
(0.14-0.53) 

Wolak, et 
al., 200891 

No known 
CAD 

Fair 114 
(women) 

≥ 70 61 81 
(70-90) 

73 
(58-85) 

82 
(73-91) 

72 
(59-85) 

3.04 
(1.85-5.01) 

0.26 
(0.15-0.43) 

Yeih, et al., 
200750 

No known 
CAD 

Fair 51 (women) ≥ 50 55 71 
(51-87) 

87 
(66-97) 

87 
(73-100) 

71 
(55-88) 

5.48 
(1.86-16.14) 

0.33 
(0.18-0.60) 

Mieres, et 
al., 200752 

No known 
CAD 

Fair 42 (women) ≥ 50 33 86 
(57-98) 

86 
(67-96) 

75 
(54-96) 

92 
(82-100) 

6 
(2.36-15.24) 

0.17 
(0.05-0.61) 

Elhendy, et 
al., 200692 

No known 
CAD 

Fair 88 (women) ≥ 50 60 83 
(70-92) 

80 
(63-92) 

86 
(77-96) 

76 
(62-90) 

4.15 
(2.12-8.14) 

0.21 
(0.11-0.39) 

Rollan, et 
al., 200254 

No known 
CAD 

Fair 54 (women) ≥ 50 48 88 
(70-98) 

57 
(37-76) 

66 
(50-81) 

84 
(68-100) 

2.06 
(1.32-3.24) 

0.20 
(0.07-0.61) 

Abramson, 
et al., 
200093 

No known 
CAD 

Fair 19 (women) ≥ 50 47 89 
(52-100) 

90 
(55-100) 

89 
(68-100) 

90 
(71-100) 

8.89 
(1.36-57.89) 

0.12 
(0.02-0.8) 

Slavich, et 
al., 199677 

No known 
CAD 

Fair 46 (women) ≥ 50 48 82 
(60-95) 

83 
(63-95) 

82 
(66-98) 

83 
(68-98) 

4.91 
(1.96-12.27) 

0.22 
(0.09-0.54) 

Takeuchi, et 
al., 199678 

No known 
CAD 

Fair 61 (women) ≥ 50 30 78 
(52-94) 

70 
(54-83) 

52 
(33-71) 

88 
(77-99) 

2.57 
(1.53-4.31) 

0.32 
(0.13-0.77) 

Santana-
Baodo, et 
al., 199868 

No known 
CAD 

Fair 63 (women) 
 
 
100 (men) 

≥ 50 32 
 
 
80 

85 
(62-97) 
 
92 
(84-97) 

91 
(78-97) 
 
90 
(68-99) 

81 
(64-98) 
 
97 
(94-100) 

93 
(85-100) 
 
75 
(58-92) 

9.13 
(3.53-23.65) 
 
9.25 
(2.48-34.5) 

0.16 
(0.06-0.47) 
 
0.08 
(0.04-0.18) 
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Table 4. Summary of accuracy data evaluating SPECT for diagnosing CAD (continued) 

Study Patient 
Mix 

Qualit
y Patients (N) Cath % Prevalence 

% 

Sensitivity 
% 

(95% CI) 

Specificity 
% 

(95% CI) 
PPV % 

(95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI) 
LR- 

(95% CI) 

Bokhari, et 
al., 200862 

No known 
CAD 

Poor 68 (women) 
 
 
150 (men) 
 

≥ 50 66 
 
 
65 
 

80 
(65-90) 
 
82 
(73-89) 

78 
(56-93) 
 
79 
(65-89) 

88 
(78-98) 
 
88 
(81-95) 

67 
(49-84) 
 
69 
(58-81) 

3.68 
(1.67-8.10) 
 
3.86 
(2.26-6.58) 

0.26 
(0.14-0.48) 
 
0.23 
(0.15-0.36) 

Laurienzo, 
et al., 
199739 

Mixed Good 84 (women) > 70 26 86 
(65-97) 

80 
(68-89) 

61 
(44-78) 

94 
(88-100) 

4.32 
(2.54-7.36) 

0.17 
(0.06-0.49) 

Taillefer, et 
al., 199787 

Mixed Good 85 (women) ≥ 50 75 72 
(59-82) 

86 
(64-97) 

94 
(87-100) 

50 
(34-66) 

5.03 
(1.75-14.50) 

0.33 
(0.21-0.50) 

Mak, et al., 
199588

Mixed Good 25 (women) 
 
 
114 (men) 
 

≥ 50 96 
 
 
86 
 

83 
(63-95) 
 
93 
(86-97) 

100 
(5-100) 
 
63 
(35-85) 

100 
(85-100) 
 
94 
(89-99) 

20 
(15-55) 
 
59 
(35-82) 

NA 
 
 
2.48 
(1.31-4.67) 

0.17 
(0.07-0.41) 
 
0.11 
(0.05-0.26) 

Chae, et al., 
199340 

Mixed Good 243 
(women) 

≥ 50 67 71 
(64-78) 

65 
(54-75) 

81 
(74-87) 

53 
(43-62) 

2.03 
(1.49-2.78) 

0.44 
(0.33-0.59) 

Elhendy, et 
al., 199871 

Mixed Good 70 (women) ≥ 50 64 78 
(63-89) 

92 
(74-99) 

95 
(87-100) 

70 
(54-85) 

9.72 
(2.55-37.07) 

0.24 
(0.14-0.42) 

Mohiuddin, 
et al., 
199689 

Mixed Good 83 (women) 
 
 
119 (men) 
 

≥ 50 78 
 
 
80 
 

94 
(85-98) 
 
87 
(79-93) 

89 
(65-99) 
 
83 
(63-95) 

97 
(92-100) 
 
95 
(91-100) 

80 
(62-98) 
 
63 
(46-79) 

8.45 
(2.28-31.25) 
 
5.24 
(2.14-12.87) 

0.07 
(0.03-0.18) 
 
0.15 
(0.09-0.26) 

Vashist, et 
al., 200783 

Mixed Fair 54 (women) ≥ 50 72 87 
(73-96) 

27 
(8-55) 

76 
(63-88) 

44 
(12-77) 

1.19 
(0.86-1.65) 

0.48 
(0.15-1.55) 

Gulati, et 
al., 200484 

Mixed Fair 47 (women) 
 
 
25 (men) 
 

≥ 50 85 
 
 
96 
 

15 
(6-30) 
 
4 
(0-21) 

95 
(65-100) 
 
100 
(5-100) 

95 
(78-100) 
 
99 
(87-100) 

16 
(5-28) 
 
4 
(4-12) 

3.28 
(.10-103.69) 
 
7.39 
(NA) 

0.89 
(0.72-1.10) 
 
0.95 
(0.77-1.16) 

Emmett, et 
al., 200285 

Mixed Fair 23 (women) 
 
 
77 (men) 
 

> 70 43 
 
 
78 
 

90 
(55-100) 
 
88 
(77-95) 

77 
(46-95) 
 
53 
(28-77) 

75 
(51-100) 
 
87 
(78-95) 

91 
(74-100) 
 
56 
(32-81) 

3.90 
(1.42-10.75) 
 
1.88 
(1.12-3.13) 

0.13 
(0.02-0.85) 
 
0.22 
(0.10-0.50) 
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Table 4. Summary of accuracy data evaluating SPECT for diagnosing CAD (continued) 

Study Patient 
Mix 

Qualit
y Patients (N) Cath % Prevalence 

% 

Sensitivity 
% 

(95% CI) 

Specificity 
% 

(95% CI) 
PPV % 

(95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI) 
LR- 

(95% CI) 

Kiat, et al., 
199086 

Mixed Fair 14 (women) 
 
 
39 (men) 
 

≥ 50 79 
 
 
95 
 

100 
(76-100) 
 
92 
(78-98) 

67 
(9-99) 
 
50 
(1-99) 

92 
(76-100) 
 
97 
(92-100) 

100 
(50-100) 
 
25 
(17-67) 

3 
(0.61-14.86) 
 
1.84 
(0.46-7.37) 

0 
(NA) 
 
0.16 
(0.03-0.94) 

Friedman, 
et al., 
198237 

Mixed Fair 60 (women) ≥ 70 47 75 
(55-89) 

97 
(84-100) 

95 
(87-100) 

82 
(69-94) 

24 
(3.45-167.17) 

0.26 
(0.14-0.49) 

Ho, et al., 
199867 

Mixed Fair 44 (women) ≥ 50 55 79 
(58-93) 

75 
(51-91) 

79 
(63-95) 

75 
(56-94) 

3.17 
(1.44-6.95) 

0.28 
(0.12-0.63) 

Slomka, et 
al., 200780 

Mixed Poor 113 
(women) 

≥ 70 57 83 
(71-91) 

94 
(83-99) 

95 
(89-100) 

81 
(70-91) 

13.53 
(4.49-40.71) 

0.18 
(0.11-0.31) 

Kaminek, et 
al., 200181 

Mixed Poor 133 
(women) 
 
 
455 (men) 
 

≥ 50 50 
 
 
83 
 

91 
(81-97) 
 
94 
(91-96) 

93 
(83-98) 
 
82 
(71-90) 

92 
(86-99) 
 
96 
(94-98) 

91 
(84-98) 
 
72 
(63-82) 

12.18 
(5.22-28.41) 
 
5.15 
(3.20-8.28) 

0.10 
(0.046-
0.21) 
 
0.08 
(0.05-0.12) 

DePasquale
, et al., 
198882 

Mixed Poor 40 (women) 
 
 
170 (men) 
 

≥ 70 63 
 
 
91 
 

88 
(69-97) 
 
96 
(92-99) 

73 
(45-92) 
 
25 
(7-52) 

85 
(71-98) 
 
93 
(88-97) 

79 
(57-100) 
 
40 
(10-70) 

3.30 
(1.41-7.73) 
 
1.28 
(0.96-1.70) 

0.16 
(0.05-0.49) 
 
0.16 
(0.05-0.49) 

Van Train, 
et al., 
199494 

Mixed Poor 39 (women) 
 
 
94 (men) 
 

≥ 50 44 
 
 
90 
 

94 
(71-100) 
 
89 
(81-95) 

69 
(39-91) 
 
44 
(14-79) 

80 
(62-98) 
 
94 
(89-99) 

90 
(71-100) 
 
31 
(6-56) 

3.06 
(1.34-6.97) 
 
1.61 
(0.89-2.90) 

0.08 
(0.01-0.59) 
 
0.24 
(0.09-0.62) 

Abbreviations: CAD = coronary artery disease; Cath % = % stenosis defined to be positive for CAD on diagnostic cardiac catheterization (coronary angiography); CI = confidence 
interval; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; NPV = negative predictive value; NR = not reported; PPV = positive predictive value 
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CMR 
We identified six studies evaluating the accuracy of CMR compared with coronary 

angiography (Table 5).
26,95-99

 Five of these studies reported accuracy data in women with no 

known CAD, and these are the studies used in our primary analysis. In our secondary analysis, 

we evaluated the accuracy of CMR in diagnosing CAD in mixed populations of known and no 

known CAD, including additional data from two studies
95,96

 and data from one additional 

study.
99

  

Primary Analysis: Population of Women With No Known CAD 
The five studies represent findings on CMR use in 501 women (sample size ranging from 30 

to 184 women). All five of these studies were rated good quality. In these studies, sensitivity 

varied from 58 to 83 percent, and specificity varied from 59 to 96 percent; the median sensitivity 

was 75 percent, and the median specificity was 88 percent. Figure 28 presents forest plots of the 

individual study estimates of sensitivity and specificity of CMR for diagnosing CAD in women 

with no known CAD.  
 

Figure 28. Accuracy of CMR in women with no known CAD 

 
 

Figure 29 presents an SROC curve with an average sensitivity of 72 percent (95% CI, 55 to 

85 percent) and specificity of 84 percent (95% CI, 69 to 93 percent).  
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Figure 29. SROC curve for CMR in women with no known CAD 

 
 

The prevalence of CAD in these 5 studies ranged from 14 to 43 percent with a mean 

prevalence of 27 percent. In the individual studies, PPV ranged from 30 to 84 percent, and NPV 

ranged from 59 to 96 percent. LR+ ranged from 1.83 to 21.67 and LR- from 0.17 to 0.54. Using 

the summary sensitivity and specificity of 72 and 84 percent, respectively, we calculated an 

overall PPV of 62 percent and NPV of 89 percent. Similarly, we calculated summary LR+ of 4.5 

and LR- of 0.33. 

Secondary Analysis: Mixed Population of Women With Known and No 

Known CAD 
We performed a secondary analysis where we expanded our inclusion criteria to include 

studies whose patient population included a mix of women with known CAD and women with 

no known CAD. This expanded inclusion criteria allowed an additional 64 patients from one 

study
95

 and an additional 45 patients from another study
96

 to be included in our analysis—as well 

as 168 patients from a third study that was not included in our primary analysis
99

 (totaling 6 

studies). The 6 studies represent findings on CMR use in 778 women (sample size ranging from 

30 to 184 women). Five of these studies were good-quality, and one was fair quality (Table 5).  

In these 6 studies, sensitivity varied from 58 to 92 percent, and specificity varied from 59 to 

91 percent; the median sensitivity was 80 percent, and the median specificity was 83 percent. 

Figure 30 presents forest plots of the individual study estimates of sensitivity and specificity of 

CMR for diagnosing CAD in women from mixed populations.  
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Figure 30. Accuracy of CMR in women from mixed populations 

 
 

Figure 31 presents an SROC curve demonstrating an average sensitivity of 78 percent (95% 

CI, 61 to 89 percent) and specificity of 84 percent (95% CI, 74 to 90 percent).  
 

Figure 31. SROC curve for CMR in women from mixed populations 

 
 

The prevalence of CAD in the 6 studies ranged from 7 to 56 percent with a mean prevalence 

of 32 percent. In the individual studies, PPV ranged from 30 to 93 percent, and NPV ranged from 

59 to 91 percent. LR+ ranged from 1.83 to 10.28 and LR- from 0.102 to 0.54. Using the 

summary sensitivity and specificity of 78 and 84 percent, respectively, we calculated an overall 

PPV of 69 percent and NPV of 89 percent. Similarly, we calculated summary LR+ of 4.88 and 

LR- of 0.26.  
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Accuracy of CMR in Five Good-quality Studies 
Next, we evaluated the accuracy of CMR compared with coronary angiography in the five 

good-quality studies. In these studies, sensitivity varied from 58 to 91 percent, and specificity 

varied from 59 to 91 percent; the median sensitivity was 75 percent, and the median specificity 

was 86 percent. Figure 32 presents forest plots of the individual study estimates of sensitivity and 

specificity of CMR for diagnosing CAD in women from mixed populations.  

 

Figure 32. Accuracy of CMR in five good-quality studies in women from mixed populations 

 
 

Figure 33 presents an SROC curve demonstrating an average sensitivity of 72 percent (95% 

CI, 55 to 85 percent) and specificity of 84 percent (95% CI, 69 to 93 percent).  

Figure 33. SROC curve for CMR in five good-quality studies in women from mixed populations 
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The prevalence of CAD in these five good-quality studies ranged from 14 to 56 percent with 
a mean prevalence of 37 percent. In the individual studies, PPV ranged from 30 to 93 percent, 
and NPV ranged from 59 to 91 percent. LR+ ranged from 1.83 to 10.28 and LR- from 0.102 to 
0.54. Using the summary sensitivity and specificity of 72 and 84 percent, respectively, we 
calculated an overall PPV of 72 percent and NPV of 84 percent. Similarly, we calculated 
summary LR+ of 4.5 and LR- of 0.33. 
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Table 5. Summary of accuracy data evaluating CMR for diagnosing CAD 

Study Patient 
Mix Quality Patients (N) Cath % Prevalence 

% 
Sensitivity %  

(95% CI) 
Specificity %  

(95% CI) 
PPV % 

 (95% CI) 
NPV % 

(95% CI) 
LR+ 

(95% CI)  
LR- 

(95% CI) 

Merkle, et 
al., 201096 

No known 
CAD 

Good 32 (women) 
 
 
41 (men) 

≥ 50 19 
 
 
34 

83 
(36-100) 
 
79 
(57-100) 

96 
(80-100) 
 
74 
(58-91) 

83 
(54-100) 
 
61 
(39-84) 

96 
(89-100) 
 
87 
(73-100) 

21.67 
(3.07-153.05) 
 
3.03 
(1.51-6.07) 

0.17 
(0.03-1.04) 
 
0.29 
(0.10-0.81) 

Klem, et 
al., 200897 

No known 
CAD 

Good 136 (women) ≥ 50 34 70 
(54-82) 

88 
(79-94) 

74 
(61-87) 

85 
(78-92) 

5.69 
(3.17-10.22) 

0.35 
(0.22-0.54) 

Langer, et 
al., 200998 

No known 
CAD 

Good 30 (women) 
 
 
38 (men) 

≥ 50 27 
 
 
47 

75 
(35-97) 
 
67 
(45-88) 

59 
(36-79) 
 
70 
(50-90) 

40 
(15-65) 
 
67 
(45-88) 

87 
(69-100) 
 
70 
(50-90) 

1.83 
(0.96-3.48) 
 
2.22 
(1.06-4.68) 

0.42 
(0.12-1.48) 
 
0.48 
(0.23-0.97) 

Doyle, et 
al., 200326 

No known 
CAD 

Good 184 (women) ≥ 70 14 58 
(37-77) 

78 
(71-84) 

30 
(17-43) 

92 
(87-96) 

2.60 
(1.68-4.04) 

0.54 
(0.34-0.86) 

Gebker, et 
al., 201095 

No known 
CAD 

Good 119 (women) ≥ 70 43 82 
(69-92) 

88 
(78-95) 

84 
(74-94) 

87 
(79-95) 

7.00 
(3.61-13.59) 

0.20 
(0.11-0.36) 

Gebker, et 
al., 201095 

Mixed Good 183 (women) ≥ 70 54 85 
(76-91) 

86 
(76-92) 

88 
(81-94) 

83 
(75-91) 

5.94 
(3.49-10.09) 

0.18 
(0.11-0.28) 

Merkle, et 
al., 201096 

Mixed Good 77 (women) 
 
 
179 (men) 

≥ 50 56 
 
 
79 

91 
(78-97) 
 
91 
(86-96) 

91 
(76-98) 
 
74 
(57-87) 

93 
(85-100) 
 
93 
(89-97) 

89 
(78-99) 
 
70 
(56-84) 

10.28 
(3.47-30.4) 
 
3.48 
(2.04-5.93) 

0.10 
(0.04-0.26) 
 
0.12 
(0.06-0.20) 

Coehlo-
Filho, et 
al., 201199 

Mixed Fair 168 (women) 
 
 
237 (men) 

≥ 70 7 
 
 
15 

92 
(62-100) 
 
86 
(71-95) 

80 
(44-97) 
 
74 
(49-91) 

85 
(65-100) 
 
86 
(75-97) 

89 
(68-100) 
 
74 
(54-93) 

4.58 
(1.31-16.02) 
 
3.27 
(1.52-7.02) 

0.10 
(0.01-0.70) 
 
0.19 
(0.08-0.44) 

Abbreviations: CAD = coronary artery disease; Cath % = % stenosis defined to be positive for CAD on diagnostic cardiac catheterization (coronary angiography); CI = confidence 
interval; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; NPV = negative predictive value; NR = not reported; PPV = positive predictive value 
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Coronary CTA 
We identified eight studies evaluating the accuracy of coronary CTA compared with 

coronary angiography (Table 6).
66,98,100-105

 Five of these studies were exclusively in women with 

no known CAD, and these are the studies used in our primary analysis. In our secondary 

analysis, we evaluated the accuracy of coronary CTA in diagnosing CAD in mixed populations 

of known and no known CAD, including the three additional studies.  

Primary Analysis: Population of Women With No Known CAD 
The five studies represent findings on coronary CTA use in 474 women (sample size ranging 

from 30 to 280 women). Of these studies, three were good quality, two were fair quality, and 

none were poor quality. Sensitivity varied from 70 to 100 percent, and specificity varied from 46 

to 91 percent; the median sensitivity was 89 percent, and the median specificity was 78 percent. 

Figure 34 presents forest plots of the individual study estimates of sensitivity and specificity of 

coronary CTA for diagnosing CAD in women with no known CAD.  
 

Figure 34. Accuracy of coronary CTA in women with no known CAD 
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Figure 35 presents an SROC curve with an average sensitivity of 93 percent (95% CI, 69 to 

99 percent) and specificity of 77 percent (95% CI, 54 to 91 percent).  
 

Figure 35. SROC curve for coronary CTA in women with no known CAD 

 
 

The prevalence of CAD in the 5 studies ranged from 16 to 60 percent with a mean prevalence 

of 30 percent. In the individual studies, PPV ranged from 23 to 87 percent, and NPV ranged from 

46 to 91 percent. LR+ ranged from 1.58 to 11 and LR- from 0 to 0.41. Using the summary 

sensitivity and specificity of 93 and 77 percent, respectively, we calculated an overall PPV of 63 

percent and NPV of 96 percent. Similarly, we calculated summary LR+ of 4.04 and LR- of 0.09.  

Accuracy of Coronary CTA in Three Good-Quality Studies 
Next, we evaluated the accuracy of coronary CTA compared with coronary angiography in 

the three good-quality studies. In these studies, sensitivity varied from 70 to 100 percent, and 

specificity varied from 46 to 91 percent; the median sensitivity was 86 percent, and the median 

specificity was 73 percent. Given the small number of studies and the specific point estimate and 

CIs of these studies, our meta-analytic modeling was not able to reach convergence and provide 

a summary sensitivity and specificity for this set of studies.  

The prevalence of CAD in these 3 good-quality studies ranged from 16 to 27 percent with a 

mean prevalence of 21 percent. In the individual studies, PPV ranged from 23 to 80 percent, and 

NPV ranged from 91 to 100 percent. LR+ ranged from 1.58 to 11 and LR- from 0 to 0.41. 
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Secondary Analysis: Mixed Population of Women With Known and No 

Known CAD 
We performed a secondary analysis where we expanded our inclusion criteria to include 

studies whose patient population included a mix of women with known CAD and women with 

no known CAD. This expanded inclusion criteria allowed three additional studies to be included 

in our analysis (totaling eight studies). The 8 studies represent findings on coronary CTA use in 

690 women (sample size ranging from 30 to 280 women). Of these eight studies, four were good 

quality, four were fair quality, and none were poor quality (Table 6).  

In these 8 studies, sensitivity varied from 70 to 100 percent, and specificity varied from 46 to 

100 percent; the median sensitivity was 92 percent, and the median specificity was 88 percent. 

Figure 36 presents forest plots of the individual study estimates of sensitivity and specificity of 

coronary CTA for diagnosing CAD in women from mixed populations.  

 

Figure 36. Accuracy of coronary CTA in women from mixed populations 

 
 

Figure 37 presents an SROC curve demonstrating an average sensitivity of 94 percent (95% 

CI, 81 to 98 percent) and specificity of 87 percent (95% CI, 68 to 96 percent).  
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Figure 37. SROC curve for coronary CTA in women from mixed populations 

 
 

The prevalence of CAD in these 8 studies ranged from 11 to 60 percent with a mean 

prevalence of 31 percent. In the individual studies, PPV ranged from 23 to 100 percent, and NPV 

ranged from 46 to 100 percent. LR+ ranged from 2.54 to 13.36 and LR- 0 to 0.41. Using the 

summary sensitivity and specificity of 94 and 87 percent, respectively, we calculated an overall 

PPV of 76 percent and NPV of 97 percent. Similarly, we calculated summary LR+ of 7.23 and 

LR- of 0.069.  

Accuracy of Coronary CTA in Four Good-Quality Studies 
Next, we evaluated the accuracy of coronary CTA compared with coronary angiography in 

the four good-quality studies. In these studies, sensitivity varied from 70 to 100 percent, and 

specificity varied from 46 to 91 percent; the median sensitivity was 85 percent, and the median 

specificity was 80 percent. Figure 38 presents forest plots of the individual study estimates of 

sensitivity and specificity of coronary CTA for diagnosing CAD in women with from mixed 

populations.  
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Figure 38. Accuracy of coronary CTA in four good-quality studies in women from mixed 
populations 

 
 

Figure 39 presents an SROC curve demonstrating an average sensitivity of 83 percent (95% 

CI, 58 to 94 percent) and specificity of 77 percent (95% CI, 40 to 94 percent). It is important to 

note that given the small number of studies and wide confidence intervals that these summary 

statistics should be interpreted with caution. 
 

Figure 39. SROC curve for coronary CTA in four good-quality studies in women from mixed 
populations 
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The prevalence of CAD in these 4 good-quality studies ranged from 16 to 39 percent with a 
mean prevalence of 25 percent. In the individual studies, PPV ranged from 23 to 81 percent, and 
NPV ranged from 89 to 100 percent. LR+ ranged from 1.58 to 11 and LR- from 0 to 0.41. Using 
the summary sensitivity and specificity of 83 and 77 percent, respectively, we calculated an 
overall PPV of 55 percent and NPV of 93 percent. Similarly, we calculated summary LR+ of 
3.61 and LR- of 0.22. 
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Table 6. Summary of accuracy data evaluating coronary CTA for diagnosing CAD 
Study Patient 

Mix 
Quality Patients 

(N) 
Cath 

% 
Prevalenc

e % 
Sensitivity 

%  
(95% CI) 

Specificity 
%  

(95% CI) 

PPV % 
 (95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI)  

LR- 
(95% 
CI) 

Jenkins, et 
al., 2010102 

No known 
CAD 

Good 44 (women) 
 
 

55 (men) 
 

≥ 50 16 
 
 

56 
 

86 
(42-100) 

 
94 

(79-99) 

46 
(29-63) 

 
50 

(29-71) 

23 
(7-39) 

 
71 

(57-85) 

94 
(84-100) 

 
86 

(67-100) 

1.59 
(1.04-2.42) 

 
1.87 

(1.24-2.82) 

0.31 
(0.05-
1.97) 

 
0.13 

(0.03-
0.52) 

Langer, et 
al., 200998 

No known 
CAD 

Good 30 (women) 
 
 

38 (men) 
 

≥ 50 27 
 
 

47 
 

100 
(69-100) 

 
94 

(73-100) 

91 
(71-99) 

 
100 

(86-100) 

80 
(55-100) 

 
100 

(82-100) 

100 
(85-100) 

 
95 

(86-100) 

11 
(2.93-41.24) 

 
NA 

 

0 
(NA) 

 
0.06 

(0.01-
0.37) 

Dewey, et 
al., 2008103 

No known 
CAD 

Good 50 (women) 
 
 

95 (men) 
 

≥ 50 20 
 
 

62 
 

70 
(35-93) 

 
95 

(86-99) 

73 
(56-85) 

 
81 

(64-92) 

39 
(16-61) 

 
89 

(81-97) 

91 
(81-100) 

 
91 

(81-100) 

2.55 
(1.33-4.86) 

 
4.88 

(2.50-9.52) 

0.41 
(0.16-
1.09) 

 
0.06 

(0.02-
0.19) 

Shivalkar, et 
al., 2007104 

No known 
CAD 

Fair 70 (women) ≥ 70 27 89 
(67-99) 

88 
(76-96) 

74 
(56-92) 

96 
(90-100) 

7.61 
(3.53-16.38) 

0.12 
(0.03-
0.44) 

Dharampal, 
et al., 
2011105 

No known 
CAD 

Fair 280 
(women) 

 
636 (men) 

≥ 50 60 
 
 

76 

98 
(95-100) 

 
99 

(98-100) 

78 
(70-86) 

 
82 

(75-88) 

87 
(83-92) 

 
95 

(93-97) 

97 
(93-100) 

 
98 

(95-100) 

4.54 
(3.19-6.48) 

 
5.56 

(3.95-7.82) 

0.02 
(0.01-
0.07) 

 
0.007 

(0.002-
0.02) 

Dewey, et 
al., 2010100 

Mixed Good 77 (women) 
 
 

214 (men) 
 

≥ 50 39 
 
 

62 
 

83 
(65-94) 

 
86 

(79-91) 

87 
(74-95) 

 
91 

(83-96) 

81 
(67-95) 

 
94 

(90-98) 

89 
(80-98) 

 
80 

(71-88) 

6.53 
(3.04-14.02) 

 
9.92 

(4.87-20.20) 

0.19 
(0.09-
0.43) 

 
0.16 

(0.10-
0.24) 
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Table 6. Summary of accuracy data evaluating coronary CTA for diagnosing CAD (continued) 
Study Patient 

Mix 
Quality Patients 

(N) 
Cath 

% 
Prevalenc

e % 
Sensitivity 

%  
(95% CI) 

Specificity 
%  

(95% CI) 

PPV % 
 (95% CI) 

NPV % 
(95% CI) 

LR+ 
(95% CI)  

LR- 
(95% 
CI) 

Dewey, et 
al., 2010100 

Mixed Good 77 (women) 
 
 

214 (men) 
 

≥ 50 39 
 
 

62 
 

83 
(65-94) 

 
86 

(79-91) 

87 
(74-95) 

 
91 

(83-96) 

81 
(67-95) 

 
94 

(90-98) 

89 
(80-98) 

 
80 

(71-88) 

6.53 
(3.04-14.02) 

 
9.92 

(4.87-20.20) 

0.19 
(0.09-
0.43) 

 
0.16 

(0.10-
0.24) 

Pundziute, et 
al., 2008101 

Mixed Fair 50 (women) 
 
 

50 (men) 
 

≥ 50 44 
 
 

64 
 

95 
(77-100) 

 
100 

(91-100) 

93 
(76-99) 

 
89 

(65-99) 

91 
(80-100) 

 
94 

(86-100) 

96 
(89-100) 

 
100 

(81-100) 

13.36 
(3.50-50.97) 

 
9 

(2.44-33.24) 

0.05 
(0.01-
0.33) 

 
0 

(NA) 
Maffei, et al., 
201066  

Mixed Fair 89 (women) 
 
 

88 (men) 

≥ 50 11 
 
 

18 

100 
(74-100) 

 
100 

(83-100) 

100 
(96-100) 

 
97 

(90-100) 

100 
(70-100) 

 
89 

(74-100) 

100 
(96-100) 

 
100 

(96-100) 

NA 
 
 

36 
(9.18-141) 

0 
(NA) 

 
0 

(NA) 
Abbreviations: CAD = coronary artery disease; Cath % = % stenosis defined to be positive for CAD on diagnostic cardiac catheterization (coronary angiography); CI = confidence 

interval; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; NPV = negative predictive value; NR = not reported; PPV = positive predictive value 
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KQ 1 Summary 
Table 7 and Figure 40 show the summary of the diagnostic accuracy of ECG, ECHO, 

SPECT, CMR, and coronary CTA modalities in women presented in Figures 4–39. The 
information is presented separately for no known CAD and mixed CAD populations, as well as 
for all studies separately from the good-quality studies. Overall, within a given modality, the 
summary sensitivities and specificities were similar for both types of populations (known and no 
known CAD) and for all studies when compared with good-quality studies. When accounting for 
only the good-quality studies, it appeared that the diagnostic accuracy of detecting CAD in 
women with unknown CAD was better (in descending order) for coronary CTA, SPECT, ECHO, 
CMR, and ECG. For the newer technologies (i.e., coronary CTA and CMR), more studies in 
women would be needed to support these findings since the 95% CIs were quite wide.  

To minimize the risk of spectrum bias, our primary analysis focused on women with no 
known CAD. We also explored mixed populations of women with known and no known CAD in 
sensitivity analyses. These analyses did not demonstrate a significant difference in terms of the 
sensitivities and specificities from our primary analysis. We also explored whether the accuracy 
of the modalities were correlated with the underlying prevalence of disease in the population of 
interest. The mean prevalences and 95% CIs for ECG, SPECT, ECHO, CMR, and coronary CTA 
with the population of women with no previously known CAD were 0.41 (0.36 to 0.46), 0.44 
(0.34 to 0.55), 0.43 (0.37 to 0.50), 0.26 (0.14 to 0.44), and 0.29 (0.13 to 0.54), respectively. We 
evaluated whether these prevalences were different across modalities using a random-effects 
model and did not find a statistically significant difference (p = 0.17). Thus, these analyses did 
not indicate any specific trend or relationship between prevalence and the NIT’s sensitivity or 
specificity. There did appear to be an increase in the sensitivity of CMR over time, although the 
wide confidence intervals for this characteristic highlight the uncertainty in this trend.  

We assessed the risk of verification bias by exploring the studies in our analysis that did not 
complete a coronary catheterization in all of the patients who underwent the NIT. In the 
population of women with no previously known CAD, this represented one study of SPECT,52 
one study of ECHO,79 three studies of ECG,29,52,58 and no studies of CMR or coronary CTA. 
Given the small number of total studies with this potential bias, we felt confident that our 
primary results were minimized for verification bias.  

We explored the potential for publication bias across the different modalities in our four 
populations of interest (studies of women with no known CAD, good-quality studies of women 
with no known CAD, studies of women from mixed populations, and good-quality studies of 
women from mixed populations). Our analyses did not provide evidence for publication bias, 
with our p values ranging from 0.093 to 0.95. 

In a final analysis, we explored whether there was a statistically significant difference 
between the diagnostic accuracy of testing modalities in women using a generalized linear mixed 
model, with NIT modality and disease state (no known and mixed CAD) as covariates in the 
model. Our analyses determined that for women with no previously known CAD, there were 
differences between the performance of the available modalities (p < 0.001). The sensitivity of 
ECHO and SPECT was significantly higher than that of ECG. Specificity of ECG was less than 
that of CMR (borderline) and of ECHO. We similarly explored the differences among the 
modalities in the subset of studies that were good-quality and also where there was no known 
CAD in the included population. These analyses again demonstrated differences between 
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performance of tests (p = 0.008) with the specificity of ECG being less than that of CMR and 
ECHO.  
 

Table 7. Summary of accuracy of NITs compared with coronary angiography for diagnosing CAD 
in women 

Modality Population Quality of 
Included 
Studies 

Number of 
Studies 

Number of 
Women 

Summary 
Sensitivity 
(95% CI) 

Summary 
Specificity 
(95% CI) 

ECG No known 
CAD 

All 
 
Good 

29 
 
10 

3392 
 
1410 

62% (55%-68%) 
 
70% (58%-79%) 

68% (63%-73%) 
 
62% (53%-69%) 

Mixed 
population 

All 
 
Good 

41 
 
13 

4879 
 
1679 

61% (54%-67%) 
 
65% (52%-76%) 

65% (58%-72%) 
 
60% (52%-68%) 

ECHO No known 
CAD 

All 
 
Good 

14 
 
5 

1286 
 
561 

79% (74%-83%) 
 
79% (69%-87%) 

83% (74%-89%) 
 
85% (68%-94%) 

Mixed 
population 

All 
 
Good 

22 
 
8 

1873 
 
807 

78% (73%-83%) 
 
77% (65%-85%) 

86% (79%-91%) 
 
89% (76%-95%) 

SPECT No known 
CAD 

All 
 
Good 

14 
 
4 

1000 
 
394 

81% (76%-86%) 
 
83% (52%-95%) 

78% (69%-84%) 
 
72% (37%-92%) 

Mixed 
population 

All 
 
Good 

30 
 
10 

2146 
 
982 

82% (77%-87%) 
 
82% (72%-88%) 

81% (74%-86%) 
 
79% (66%-87%) 

CMR No known 
CAD 

All 
 
Good 

5 
 
5 

501 
 
501 

72% (55%-85%) 
 
72% (55%-85%) 

84% (69%-93%) 
 
84% (69%-93%) 

Mixed 
population 

All 
 
Good 

6 
 
5 

778 
 
610 

78% (61%-89%) 
 
76% (55%-89%) 

84% (74%-90%) 
 
84% (72%-91%) 

Coronary 
CTA 

No known 
CAD 

All 
 
Good 

5 
 
3 

474 
 
124 

93% (69%-99%) 
 
85% (26%-99%) 

77% (54%-91%) 
 
73% (17%-97%) 

Mixed 
population 

All 
 
Good 

8 
 
4 

690 
 
201 

94% (81%-98%) 
 
83% (58%-94%)  

87% (68%-96%) 
 
77%% (40%-94%) 

Abbreviations: CAD = coronary artery disease; CI = confidence interval; CMR =cardiac magnetic resonance; CTA = computed 
tomography angiography; ECG = exercise/stress electrocardiogram; ECHO = echocardiogram; SPECT = single proton emission 
computed tomography 
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Figure 40. Summary of accuracy of NITs compared with coronary angiography for diagnosing CAD 
in women with no known CAD (all studies) 

 

Comparative Accuracy of NIT Modalities in Men 
Although it was not the primary goal of this systematic review, we also evaluated, when 

possible, the accuracy of the five NIT modalities in male patients and specifically how the 

accuracy of these modalities differed between men and women. Most of the studies included in 

our analysis, however, did not include data on both sexes. Specifically, of the 41 included studies 

evaluating ECG in a mixed population, only 20 included data on men as well as women. 

Similarly for the 22 ECHO, 30 SPECT, 6 CMR, and 8 CTA included studies, only 9, 11, 3, and 7 

respectively included data on men.  

Although limited, the available studies provided enough data for men to determine summary 

sensitivity and specificity estimates and to evaluate whether the accuracy of these modalities 

differed between men and women (Table 8). In Tables 2–6, we provide the accuracy data for the 

individual studies included in our analysis that had male representation. In Table 7 we list the 

summary sensitivities and specificities calculated with an SROC curve as described in our 

primary women analyses. Given the reduced number of available studies, we focused on studies 

with populations of either no known CAD or a mix of known and no known CAD. When 

comparing the accuracy of the modalities between men and women enrolled in the same studies, 

the ECG and coronary CTA modalities were both less sensitive and less specific in women. The 

ECHO, CMR, and SPECT modalities, although less sensitive, appeared to be more specific in 

women. The lower specificity of the ECG modality in women, however, is the only estimate that 

was determined to be a statistically significant difference. 

 

ECG

SPECT

ECHO
CTA

CMR

Test Number of

29

14

14
5

5

Studies

3392

1000

1286
474

501

Patients

0.0 0.2 0.4 0.6 0.8 1.0

Summary Sensitivity
(95% CI)

0.62 (0.55-0.68)

0.81 (0.76-0.86)

0.79 (0.74-0.83)
0.93 (0.69-0.99)

0.72 (0.55-0.85)

Summary
Sensitivity

(95% CI)

0.0 0.2 0.4 0.6 0.8 1.0

Summary Specificity
(95% CI)

0.68 (0.63-0.73)

0.78 (0.69-0.84)

0.83 (0.74-0.89)
0.77 (0.54-0.91)

0.84 (0.69-0.93)

Summary
Specificity

(95% CI)
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Table 8. Summary of accuracy of NITs for diagnosing CAD in men compared with women from mixed populations 
Modality Quality 

of 
Include

d 
Studies 

Number 
of 

Studies 

Number 
of Men 

Summary 
Sensitivity in 

Men 
(95% CI) 

Summary 
Sensitivity in 

Women 
(95% CI) 

p Value 
(Women 
vs. Men) 

Summary 
Specificity in 

Men 
(95% CI) 

Summary 
Specificity in 

Women 
(95% CI) 

p Value 
(Women 
vs. Men) 

ECG All 
 
Good 

20 
 
5 

7345 
 
2410 

64% (54%-73%) 
 
68% (32%-90%) 

61% (54%-
67%) 
 
65% (52%-
76%) 

 
0.57 

81% (72%-87%) 
 
74% (49%-90%) 

65% (58%-72%) 
 
60% (52%-68%) 

 
0.007 

ECHO All 
 
Good 

9 
 
2 

1705 
 
666 

77% (65%-86%) 
 
Insufficient data 

78% (73%-
83%) 
 
77% (65%-
85%) 

 
0.80 

81% (65%-91%) 
 
Insufficient data 

86% (79%-91%) 
 
89% (76%-95%) 

 
0.50 

SPECT All 
 
Good 

11 
 
3 

1433 
 
323 

88% (73%-95%) 
 
91% (78%-97%) 

82% (77%-
87%) 
 
82% (72%-
88%) 

 
0.36 

74% (50%-89%) 
 
71% (32%-93%) 

81% (74%-86%) 
 
79% (66%-87%) 

 
0.47 

CMR All 
 
Good 

3 
 
2 

272 
 
217 

86% (50%-97%) 
 
Insufficient data 

78% (61%-
89%) 
 
76% (55%-
89%) 

 
0.53 

72% (46%-89%) 
 
Insufficient data 

84% (74%-90%) 
 
84% (72%-91%) 

 
0.12 

Coronary 
CTA 

All 
 
Good 

7 
 
4 

1176 
 
402 

97% (89%-99%) 
 
91% (77%-97%) 

94% (81%-
98%) 
 
83% (58%-
94%) 

 
0.36 

89% (71%-96%) 
 
85% (43%-98%) 

87% (68%-96%) 
 
77%% (40%-94%) 

 
0.87 

Abbreviations: CAD = coronary artery disease; CI = confidence interval; CMR =cardiac magnetic resonance; CTA = computed tomography angiography; ECG = exercise/stress 
electrocardiogram; ECHO = echocardiogram; SPECT = single proton emission computed tomography 
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Key Question 2: Predictors of Diagnostic Accuracy 
KQ 2. What are the predictors of diagnostic accuracy (e.g., age, 
race/ethnicity, body size, heart size, menopausal status, functional status, 
stress modality) of different NITs in women? 

Key Points 
• Significant variability existed around diagnostic accuracy among studies examining each 

NIT modality. 
• Only one study compared diagnostic accuracy for women with diagnostic accuracy for 

men. 
• The studies reviewed did not examine functional status, age, or body size—the main 

predictors examined included heart size, pretest probability of CAD, race/ethnicity, 
postmenopausal status, and beta blocker use. 

• There was heterogeneity in the types of predictors reported. 
• Studies that examined heart size varied on the effect on diagnostic accuracy by stress 

modality. These studies suggest that increased heart size reduces the specificity of stress 
ECG, ECHO, and SPECT. 

• One fair-quality study of 51 women reported that beta blocker use reduces the specificity 
of stress ECG and the sensitivity and specificity of SPECT. Withholding beta blockers 
prior to exercise stress testing is common to allow patients to achieve a target (or higher) 
heart rate in assessing for ischemia. One study showed that the PPV increases as the 
pretest probability of CAD increases for stress ECG and ECHO. 

• Insufficient evidence was available to draw definitive conclusions about predictors given 
the small number of studies for each predictor and for each modality, as well as the 
combination of predictor by modality. 

Detailed Synthesis 
Many factors are reported in the literature that affect the diagnostic accuracy of noninvasive 

testing in women, including (1) higher prevalence in women of nonobstructive CAD 
(microvascular abnormalities, mitral valve prolapse), (2) less predictive symptomatology, (3) 
limited exercise tolerance because of older age, obesity, and diabetes at initial diagnosis, (4) 
different response to exercise than men, (5) lower peak exercise values, (6) lower increase in the 
left ventricular ejection fraction, (7) an increase in cardiac output by enhancing end-diastolic 
volume, (8) inappropriate catecholamine release, (9) hormonal influences of estrogens 
mimicking a digitalis-like false-positive ECG response, (10) anatomic differences affecting 
stress test results, (11) breast attenuation artifacts, (12) smaller coronary artery size, (13) smaller 
left ventricular chamber size, (14) higher prevalence of single-vessel disease, and (15) poor left 
ventricular opacification on echocardiography. 
  



74 

For KQ 2, we examined studies for the following nine predictors of diagnostic accuracy of 
different NITs in women: age, race/ethnicity, body size, heart size, menopausal status, functional 
status, stress modality, cardiac risk factors, and pretest probability of CAD. We identified 11 
studies25,28,31,38,50,55,67,69,83,95,97 that described diagnostic accuracy, but only 9 of these studies 
examined predictors of diagnostic accuracy. Four of the 11 studies were considered good 
quality, 5 were fair quality, and 2 were poor quality.  

Findings of Diagnostic Accuracy by Predictor 
Findings of diagnostic accuracy by predictor in the studies we reviewed are summarized in 

Tables 9–12. Of the nine predictors we originally searched for, we found studies that addressed 
four of the predictors: (1) age combined with (2) menopausal status, (3) race/ethnicity, and (4) 
heart size. We also found two other types of predictors reported in women: (5) pretest probability 
based on cardiac risk factors and (6) use of beta blockers:  

• The study by Cin,, et al.31 examined the diagnostic accuracy of stress ECG in 
postmenopausal women ages 55 to 64.  

• Two studies examined race/ethnicity: One study by Vashist,, et al.83 compared the 
diagnostic accuracy of SPECT across three race/ethnic categories—African American, 
Hispanic, and Asian—and another study by Yeih,, et al.50 examined the diagnostic 
accuracy of ECG testing and SPECT in Asian women in Taiwan.  

• Four studies examined heart size as a predictor of diagnostic accuracy: Lu,, et al.28 and 
Gebker,, et al.,95 compared left ventricular hypertrophy (LVH) with no LVH for ECG, 
ECHO, SPECT, and CMR. The study by Klem,, et al.,97 examined heart size in grams for 
CMR testing, and Siegler,, et al.,25 examined heart size for ECG alone.  

• Three studies, Yeih,, et al.,,50 Marwick,, et al.,55 and Ho,, et al.,67 examined pretest 
probability as a predictor of accuracy for ECG, dobutamine ECHO, and CMR. 

• The study by Yeih,, et al.,50 examined the use of beta blockers on diagnostic accuracy in 
ECG and SPECT.  

• We identified no studies that examined age alone, functional status, or body size as 
predictors of diagnostic accuracy in women. 
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Table 9. Age and menopausal status as a predictora 
Study (predictor) N 

Women 
Study Type Quality 

Score 
Modality Sensitivity % Specificity % PPV % NPV % LR+ LR- 

Cin, et al., 200031 
(Postmenopausal, ages 
55 to 64) 

110 Prospective Poor ECG 86 61 81 70 2.18 0.23 

aThis study did not have a premenopausal reference group. 
Abbreviations: ECG = exercise/stress electrocardiogram; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; N = number; NPV = negative predictive value; PPV = 
positive predictive value 
 

Table 10. Race/ethnicity as a predictora 
Study (predictor) N 

Women 
Study Type Quality 

Score 
Modality Sensitivity % Specificity % PPV % NPV % LR+ LR- 

Vashist, et al., 200783 
(Hispanic) 

16 Retrospective Fair SPECT 71.4 33.3 45.5 60 1.07 0.86 

Vashist, et al., 200783 
(African American) 

34 Retrospective Fair SPECT 90 20 86.7 25 1.12 0.52 

Yeih, et al., 200750 
(Asian) 

51 Prospective Fair SPECT 71 87 87 71 5.48 0.33 

Yeih, et al., 200750 
(Asian) 

51 Prospective Fair ECG 43 83 75 54 2.46 0.69 

aNone of these studies reported results for Caucasian women. 
Abbreviations: ECG = exercise/stress electrocardiogram; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; N = number; NPV = negative predictive value; PPV = 
positive predictive value; SPECT = single proton emission computed tomography 
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Table 11. Heart size as a predictor 
Study 

(predictor) 
N Women Study 

Type 
Quality 
Score 

Modality Sensitivity 
% 

Specificity 
% 

PPV % NPV % LR+ LR- 

Lu, et al., 201028 
(With LVH) 

36 Prospectiv
e 

Good ECG NR 31 NR NR NR NR 

Lu, et al., 201028 
(Without LVH) 

40 Prospectiv
e 

Good ECG NR 69 NR NR NR NR 

Lu, et al., 201028 
(With LVH) 

36 Prospectiv
e 

Good SPECT NR 31 NR NR NR NR 

Lu, et al., 201028 
(Without LVH) 

40 Prospectiv
e 

Good SPECT NR 66 NR NR NR NR 

Lu, et al., 201028 
(With LVH) 

36 Prospectiv
e 

Good ECHO-
DOB 

NR 69 NR NR NR NR 

Lu, et al., 201028 
(Without LVH) 

40 Prospectiv
e 

Good ECHO-
DOB 

NR 89 NR NR NR NR 

Lu, et al., 201028 
(With LVH) 

36 Prospectiv
e 

Good ECHO-
DIP 

NR 81 NR NR NR NR 

Lu, et al., 201028  
(Without LVH) 

40 Prospectiv
e 

Good ECHO-
DIP 

NR 96 NR NR NR NR 

Gebker, et al., 
201095 
(With LVH) 

56 women 
 
 
179 men 

Prospectiv
e 

Good CMR 80 (women) 
 
 
79 (men) 

91 (women) 
 
 
95 (men) 

93 
(women) 
 
 
98 (men) 

73 (women) 
 
 
56 (men) 

8.4 (women) 
 
 
15.46 (men) 

0.22 
(women) 
 
 
0.22 
(men) 

Gebker, et al., 
201095 
(Without LVH) 

127 women 
 
311 men 

Prospectiv
e 

Good CMR 87.5 
(women) 
 
90 (men) 

84 (women) 
 
78 (men) 

85 
(women) 
 
91 (men) 

87 (women) 
 
75 (men) 

5.51 
(women) 
 
4.08 (men) 

0.15 
(women) 
 
0.12 
(men) 

 
 
 



77 

 

 

 

Table 11. Heart size as a predictor (continued) 
Study 
(predictor) 

N Women Study 
Type 

Quality 
Score 

Modality Sensitivity 
% 

Specificity 
% 

PPV % NPV % LR+ LR- 

Klem, et al., 
200897 
(≤ 97 g LV 
mass) 

NR Prospectiv
e 

Good CMR 69 NR NR NR NR NR 

Klem, et al., 
200897 
(≥ 97 g LV 
mass) 

NR Prospectiv
e 

Good CMR 95 NR NR NR NR NR 

Siegler, et al., 
201125 
(Small heart 
size) 

123 Prospectiv
e 

Fair ECG 57 69 36 85 1.9 0.6 

Siegler, et al.,25 
2011 
(Normal heart 
size) 

359 Prospectiv
e 

Fair ECG 61 84 62 83 3.7 0.5 

Abbreviations: CMR =cardiac magnetic resonance; ECG = exercise/stress electrocardiogram; ECHO-DOB = echocardiogram with dobutamine; ECHO-DIP = echocardiogram 
with dipyridamole; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; LVH = left ventricular hypertrophy; N = number; NPV = negative predictive value; NR = not 
reported; PPV = positive predictive value; SPECT = single proton emission computed tomography 
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Table 12. Other potential predictors 
Study (predictor) N 

Women 
Study 
Type 

Quality 
Score 

Modality Sensitivity % Specificity % PPV % NPV % LR+ LR- 

Yeih, et al., 200750 
(High pretest probability) 

32 Prospective Fair ECG 50 80 85 42 2.5 0.625 

Yeih, et al., 200750 
(Low pretest probability) 

19 Prospective Fair ECG 33 69 33 69 1.08 0.96 

Yeih, et al., 200750 
(With beta blocker) 

24 Prospective Fair ECG 53 56 67 42 1.2 0.84 

Yeih, et al., 200750 
(Without beta blocker) 

27 Prospective Fair ECG 31 86 67 57 2.15 0.81 

Yeih, et al., 200750 
(With beta blocker) 

24 Prospective Fair SPECT 67 78 83 58 3.0 0.43 

Yeih, et al., 200750 
(Without beta blocker) 

27 Prospective Fair SPECT 77 93 91 81 10.8 0.25 

Marwick, et al., 199555 
(High pretest probability) 

25 Prospective Fair ECG 88 44 73 67 1.57 0.28 

Marwick, et al., 199555  
(Intermediate pretest 
probability) 

59 Prospective Fair ECG 68 45 53 61 1.24 0.71 

Marwick, et al., 199555  
(Low pretest probability) 

34 Prospective Fair ECG 100 70 31 100 3.33 0 

Marwick, et al., 199555 
(High pretest probability) 

32 Prospective Fair ECHO 82 80 90 67 4.09 0.23 

Marwick, et al., 199555 
(Intermediate pretest 
probability) 

72 Prospective Fair ECHO 76 86 78.5 84 5.44 0.28 

Marwick, et al., 199555 
(Low pretest probability) 

57 Prospective Fair ECHO 88 78 39 97 3.90 0.16 

Ho, et al., 199867 
(≥2 cardiac risk factors) 

18 Prospective Fair ECHO 92 67 85 80 2.75 0.13 

Ho, et al., 199867 
(≤1 cardiac risk factors) 

33 Prospective Fair ECHO 94 88 93 89 7.53 0.07 

Ho, et al., 199867 
(>50% pretest probability 
of CAD) 

26 Prospective Fair ECHO 94 75 90 86 3.78 0.07 

Ho, et al., 199867  
(<50% pretest probability 
of CAD) 

25 Prospective Fair ECHO 91 86 83 92 6.36 0.11 

Abbreviations: ECG = exercise/stress electrocardiogram; ECHO = echocardiogram; LR+ = positive likelihood ratio; LR- = negative likelihood ratio; N = number; NPV = negative 
predictive value; PPV = positive predictive value; SPECT = single proton emission computed tomography
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The following sections focus on differences in predictors, organized by NIT modality. 
Summaries are in Tables 13–16. 

ECG 
Six studies25,28,31,38,50,55 of stress ECG assessed predictors of diagnostic accuracy in women, 

including age/menopausal status, disease probability, use of beta blockers, and heart size. There 
was some variability in diagnostic accuracy using ECG testing (both exercise and with 
dobutamine) (Table 13).  

Overall accuracy. For exercise ECG testing, overall sensitivity ranged from 67 to 86 
percent, and specificity ranged from 44 to 78 percent. Yeih,, et al.,50 examined ECG testing with 
dobutamine, with a resulting sensitivity of 43 percent and specificity of 83 percent. Ho,, et al.,67 
examined ECG with exercise treadmill test and found that the sensitivity was 71 percent and 
specificity was 44 percent.  

Age/menopausal status. Cin,, et al.,31 examined age and menopausal status among women 
ages 55 to 64 (postmenopausal) and found that ECG testing performed moderately better than in 
other studies not targeting this age group (sensitivity of 86 percent, specificity of 60 percent). 
Unfortunately, that study did not have a younger or older age group to compare findings with 
and was rated poor quality.  

Disease probability. Marwick,, et al.,55 compared ECG testing performance across disease 
probability categories (low, intermediate, and high as determined by a combination of type of 
chest pain and age) and found that ECG testing performed better in the low-probability group 
compared with the intermediate- or high-probability group. The quality of this study was fair.  

Beta blockers. In the study by Yeih,, et al.,50 which compared low and high probability 
calculated according to age and symptoms, ECG testing performed better in the high-probability 
group, as expected. This study evaluated only Asian women in Taiwan. Women receiving beta 
blockers had fewer false positives compared with women not taking beta blockers at the time of 
the ECG testing.  

Heart size. In the study by Lewis,, et al.,38 ECG testing performed better after excluding 
nondiagnostic cases (sensitivity 67 percent versus 43 percent, specificity 78 percent versus 66 
percent). In the study by Lu,, et al.,28 ECG testing performed better in patients without LVH 
compared with those with LVH (specificity 69 percent versus 31 percent), and this finding may 
relate to heart size or baseline ECG strain associated with LVH.  

Siegler,, et al.,25 examined 1011 patients to determine if heart size could lead to higher false-
positives rates among patients undergoing stress ECG; 482 women were enrolled in the study. 
The prevalence of CAD was 28 percent among women enrolled. Overall sensitivity and 
specificity for women undergoing stress ECG was 60 and 80 percent respectively. There was a 
significant association between ECG outcome and heart size among women (p = 0.03), where 
smaller hearts were associated with a lower specificity compared with normal size hearts. 

ECHO 
Four studies28,55,67,69 examined the predictors of diagnostic accuracy for exercise ECHO in 

women, specifically disease probability and heart size (Table 14). There was significant 
variability in the diagnostic accuracy of stress ECHO imaging.  

Overall accuracy. The overall sensitivity ranged from 61 to 93 percent. The specificity 
ranged from 71 to 91 percent. Shin,, et al.69 examined 464 patients to determine potential factors 
that could lead to a higher false-positive rate among patients undergoing exercise ECHO. There 
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were 162 women enrolled in the study. The prevalence of CAD was 34 percent among the 
women enrolled. For women undergoing exercise ECHO, the overall sensitivity was 82 percent 
and specificity was 71 percent, which was less than for men in the study. PPV was 59 percent 
and NPV was 88 percent; LR+ was 2.82 and LR- was 0.26.  

Marwick,, et al.,55 found an overall sensitivity of 80 percent (p = 0.050) and specificity of 81 
percent (p < 0.004) for exercise ECHO compared with exercise ECG. PPV was 71 percent and 
NPV was 87 percent. Exercise ECHO was compared with exercise ECG, which had a sensitivity 
of 77 percent and specificity of 56 percent; LR+ was 4.28 and LR- was 0.25.  

Lu., et al.,28 examined the diagnostic accuracy of dipyridamole and dobutamine stress ECHO 
modalities. The study enrolled 76 Asian women from Taiwan. The prevalence of CAD was 41 
percent. For dipyridamole, sensitivity was 61 percent and specificity was 91 percent. PPV was 
83 percent and NPV was 77 percent; LR+ was 6.9 and LR- was 0.42. A dobutamine stress 
ECHO was more sensitive (87 percent) and less specific (82 percent). (Note that the p-value for 
comparing the sensitivity was 0.02, and for specificity the exact p-value was not reported but 
was said to be not statistically significant.) PPV was 77 percent and NPV was 90 percent; LR+ 
was 4.9 and LR- was 0.16.  

Disease probability. The study by Marwick ,, et al.,55 also compared the diagnostic accuracy 
of exercise ECHO in women with different pretest probabilities of CAD (i.e., high probability, 
intermediate probability, and low probability). The prevalence in each group was 69, 40, and 14 
percent respectively. The sensitivity was highest (88 percent) among patients with low 
probabilities of CAD, second highest (82 percent) among those with high probability of CAD, 
and lowest (76 percent) among those with an intermediate probability of CAD. However, 
specificity was highest (86 percent) among patients with intermediate probability of CAD, the 
next highest (80 percent) was among patients with highest probability of CAD, and the lowest 
(78 percent) was among those with a low probability of CAD. The quality of this study was fair. 
In this study, the diagnostic accuracy changed depending on the prevalence of CAD. Ho, et al.,67 
examined the diagnostic accuracy of dobutamine stress ECHO. The study enrolled 51 women 
from Taiwan. The prevalence of CAD was 27 percent. The sensitivity was 93 percent and 
specificity was 82 percent; PPV was 87 percent and NPV was 90 percent; LR+ was 5.12 and LR- 
was 0.08. This study also compared the diagnostic accuracy of dobutamine stress ECHO in 
patients with different coronary risk factors and different pretest probabilities of CAD.  

In women with two or more CAD risk factors, Ho, et al., found that the sensitivity was 
similar to the overall sensitivity (92 percent), but the specificity decreased (67 percent). PPV was 
85 percent and NPV was 80 percent; LR+ was 2.75 and LR- was 0.13. For women with zero or 
one CAD risk factor, sensitivity was 94 percent, specificity was 88 percent; PPV was 93 percent 
and NPV was 89 percent; LR+ was 7.53 and LR- was 0.07. 

In addition, in women with at least a 50-percent pretest probability of CAD, the sensitivity 
did not change dramatically from the overall sensitivity (94 percent), but the specificity increased 
(88 percent). PPV was 90 percent and NPV was 86 percent; LR+ was 3.78 and LR- was 0.07. In 
women with a less than 50 percent pretest probability of CAD, the sensitivity was 91 percent and 
specificity was 86 percent. PPV was 83 percent and NPV was 92 percent; LR+ was 6.36 and LR- 
was 0.11. One limitation of this study is that neither beta blockers nor calcium channel blockers 
were withheld. 

Heart size. Heart size was also examined in the study by Lu, et al.,28 specifically, the effect 
that LVH had on diagnostic accuracy. Studies have suggested that LVH is commonly associated 
with ECG repolarization abnormalities, such as ST elevations in the absence of wall motion 
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abnormalities or other evidence of inducible ischemia, leading to a potentially higher false-
positive rate.106 The presence of LVH led to a lower specificity in both dipyridamole and 
dobutamine (81 percent versus 69 percent) stress test modalities. The sensitivities were not 
reported. The overall quality of this study was good.  

SPECT 
Four studies28,50,67,83 of SPECT assessed predictors of diagnostic accuracy in women, 

including race/ethnicity, heart size and use of beta blockers. There was considerable variability 
in diagnostic accuracy using SPECT (Table 15).  

Overall accuracy. Overall sensitivity ranged from 71 to 90 percent and specificity ranged 
from 27 to 88 percent. In the study by Ho, et al.,67 the prevalence of CAD was 27 percent. This 
study enrolled 51 women, but only 44 of them received SPECT. The overall sensitivity and 
specificity for SPECT was 79 percent and 75 percent respectively. PPV was 79 percent and NPV 
was 75 percent; LR+ was 3.17 and LR- was 0.28. It should be noted that, as in the Vashist, et al., 
study, SPECT was performed by either dipyridamole or dobutamine infusions. Determination of 
which agent to be used was based on patient preference. 

Race/ethnicity. Vashist, et al.,83 examined race/ethnicity differences in performance of 
SPECT. This retrospective study was noted to have several limitations, including combining 
exercise SPECT with dipyridamole and dobutamine. This study found a difference in prevalence 
of CAD but did not find a difference in diagnostic accuracy between Hispanics and African 
Americans. In the study by Yeih, et al.,50 that focused on Asian women, the sensitivity was 
similar to other race/ethnic groups, but the specificity was significantly higher than that observed 
in Vashist, et al.,83 (87 versus 27 percent).  

Beta blockers. In the study by Yeih, et al.,50 beta blockers reduced the diagnostic accuracy 
compared with no beta blockers (sensitivity 67 versus 77 percent, specificity 78 versus 93 
percent). This fits with current clinical practice where beta blockers are withheld 48 hours prior 
to exercise stress to allow patients to achieve a higher (or target) heart rate for the assessment of 
ischemia.  

Heart size. In the study by Lu, et al.,28 SPECT was found to have fewer false positives in the 
group without LVH versus the group with LVH (specificity 66 versus 31 percent).  

CMR 
Two studies95,97 of CMR examined the influence of heart size on diagnostic accuracy in 

women (Table 16). The overall sensitivities were similar at 84 percent versus 85 percent, and the 
specificities ranged from 86 to 88 percent. 

Overall accuracy. Klem, et al.,97 studied 136 women at two academic medical centers who 
presented with chest pain. A multicomponent cardiac MRI (CMR test) that consisted of 
adenosine stress, rest perfusion, and delayed-enhancement CMR was used. The overall 
sensitivity and specificity of all three modes were found to be 70 and 81 percent respectively. 
PPV was 74 percent and NPV was 85 percent. These were reflected in a patient sample where 
the prevalence of significant CAD was 27 percent. LR+ was 5.96 and LR- was 0.35. Sensitivity 
and specificity decreased to 78 and 56 percent if perfusion CMR was used alone; LR+ also 
decreased to 1.77, and LR- increased to 0.39. Also, when coronary angiography results were 
examined for each patient, the sensitivity for multicomponent CMR was highest when patients 
with significant CAD had at least two-vessel disease with a sensitivity of 100 percent, as 
opposed to 71 percent when the patients had only single-vessel disease. The specificity was 
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unaffected by the extent of CAD and remained 88 percent regardless if the patient had single-
vessel or multiple-vessel disease. The overall quality of the study was good. 

The study conducted by Gebker, et al.95 examined the effectiveness of dobutamine stress 
CMR in the detection of CAD in women compared with men. The study evaluated 183 women 
and 541 men for suspected CAD. The prevalence of CAD in women and men was 54 percent (99 
women) and 74 percent (365 men). The overall sensitivity and specificity of dobutamine stress 
CMR was found to be 85 and 86 percent in women and 86 and 83 percent in men. PPV and NPV 
were 88 and 83 percent in women and 94 and 67 percent in men; LR+ was 5.94 and LR- was 
0.18 in women compared with 5.12 and 0.17 in men. The sensitivity of detecting CAD was 
greater in the presence of multiple-vessel CAD than in single-vessel CAD in both men and 
women (91 percent compared with 81 percent in women and 91 percent compared with 82 
percent in men). 

Heart size. Klem, et al.,97 also analyzed study data to determine if the heart size of patients 
affected the ability to detect CAD. Investigators divided the patients into two groups—those with 
LV mass less than 97 grams (defined as “small” hearts) and those with LV mass greater than 97 
grams (defined as “large” hearts). The prevalence of significant CAD was found to be similar 
and was 29 percent in those with small hearts and 26 percent in those with large hearts. The 
reported sensitivity was 69 percent in those with small hearts and 95 percent in those with large 
hearts. The authors suggested that this was caused by the limitations in spatial resolution with the 
1.5 Tesla MR magnet and by the fact that a smaller heart leads to a smaller number of image 
pixels that are available to visualize the left ventricular wall.97 

Gebker, et al.,95 also attempted to understand the relationship between heart size, in particular 
LVH, and the ability to detect the presence of CAD in women compared with men. Previous 
studies have shown that the presence of LVH causes a higher rate of false-negative studies.107 
Women undergoing dobutamine CMR with evidence of LVH had a lower sensitivity but higher 
specificity than women without LVH (sensitivity 80 percent versus 87.5 percent, specificity 91 
percent versus 84 percent). Men undergoing dobutamine CMR with evidence of LVH had a 
lower sensitivity and a higher specificity than men without LVH (sensitivity 79 percent versus 90 
percent, specificity 95 percent versus 78 percent). 
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Table 13. Summary table for ECG  
Predictor Study N 

Women 
Study Type Quality 

Score 
Sensitivity 

% 
Specificity 

% 
PPV % NPV % LR+ LR- 

Overall (Dobutamine) Yeih, et al., 
200750 

51 Prospective Fair 43 83 75 54 2.46 0.69 

High pretest 
probability 

Yeih, et al., 
200750 

32 Prospective Fair 50 80 85 42 2.5 0.625 

Low pretest 
probability 

Yeih, et al., 
200750 

19 Prospective Fair 33 69 33 69 1.08 0.96 

With beta blocker Yeih, et al., 
200750 

24 Prospective Fair 53 56 67 42 1.2 0.84 

Without beta blocker Yeih, et al., 
200750 

27 Prospective Fair 31 86 67 57 2.15 0.81 

Asian Yeih, et al., 
200750 

51 Prospective Fair 43 83 75 54 2.46 0.69 

Overall Ho, et al., 199867 30 Prospective Fair 71 44 0.53 0.64 1.27 0.65 

Overall Cin, et al., 
200031 

110 Prospective Poor 86 61 81 70 2.18 0.23 

Postmenopausal, 
ages 55 to 64 

Cin, et al., 
200031 

110 Prospective Poor 86 61 81 70 2.18 0.23 

Overall Marwick, et al., 
199555 

118 Prospective Fair 77 56 54 78 1.74 0.41 

High pretest 
probability 

Marwick, et al., 
199555 

25 Prospective Fair 88 44 73 67 1.57 0.28 

Intermediate pretest 
probability 

Marwick, et al., 
199555 

59 Prospective Fair 68 45 53 61 1.24 0.71 

Low probability Marwick, et al., 
199555 

34 Prospective Fair 100 70 31 100 3.33 0 

Overall Lewis, et al., 
200538 

96 Prospective Good 67 78 83 58 3.0 0.43 

Excluding 
nondiagnostic 

Lewis, et al., 
200538 

74 Prospective Good 43 66 33 74 1.26 0.86 

Overall Lu, et al., 201028 76 Prospective Good 81 56 56 81 1.81 0.35 
With LVH Lu, et al., 201028 36 Prospective Good NR 31 NR NR NR NR 
Without LVH Lu, et al., 201028 40 Prospective Good NR 69 NR NR NR NR 
Small heart size Siegler, et al., 

201125 
 

123 Prospective Fair 57 69 36 85 1.9 0.6 

Normal heart size Siegler, et al., 
201125  
 

359 Prospective Fair 61 84 62 83 3.7 0.5 
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Abbreviations: LR+ = positive likelihood ratio; LR- = negative likelihood ratio; LVH = let ventricular hypertrophy; CMR = cardiac magnetic resonance; N = number; NPV = 
negative predictive value; NR = not reported; PPV = positive predictive value  

Table 14. Summary table for ECHO 
Predictor Study N 

Women 
Study Type Quality 

Score 
Sensitivity 

% 
Specificity 

% 
PPV % NPV % LR+ LR- 

Overall Shin, et al., 200369a 162 Prospective Fair 82 71 59 88 2.82 0.26 
Overall Marwick, et al., 

199555 
161 Prospective Fair 80 81 71 87 4.28 0.25 

High pretest 
probability 

Marwick, et al., 
199555 

32 Prospective Fair 82 80 90 67 4.09 0.23 

Intermediate pretest 
probability 

Marwick, et al., 
199555 

72 Prospective Fair 76 86 78.5 84 5.44 0.28 

Low pretest 
probability 

Marwick, et al., 
199555 

57 Prospective Fair 88 78 39 97 3.90 0.16 

Dipyridamole Lu, et al., 201028 76 Prospective Good 61 91 83 77 6.9 0.42 
With LVH Lu, et al., 201028 36 Prospective Good NR 81 NR NR NR NR 
Without LVH Lu, et al., 201028 40 Prospective Good NR 96 NR NR NR NR 
Dobutamine Lu, et al., 201028 76 Prospective Good 87 82 77 90 4.9 0.16 
With LVH Lu, et al., 201028 36 Prospective Good NR 69 NR NR NR NR 
Without LVH Lu, et al., 201028 40 Prospective Good NR 89 NR NR NR NR 
Overall 
   Dobutamine 

Ho, et al., 199867 51 Prospective Fair 93 82 87 90 5.12 0.08 

aShin, et al. sensitivity/specificity were different in text (88/64) 
Abbreviations: LR+ = positive likelihood ratio; LR- = negative likelihood ratio; N = number; NPV = negative predictive value; NR = not reported; PPV = positive predictive value 
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Table 15. Summary table for SPECT 
Predictor Study N Women Study Type Quality 

Score 
Sensitivity 

% 
Specificity 

% 
PPV % NPV % LR+ LR- 

Overall Ho, et al.,199867 44 Prospective Fair 79 75 79 75 3.17 0.28 
Overall Vashist, et al., 

200783 
54 Retrospective Fair 87 27 75 44 1.19 0.48 

Hispanic Vashist, et al., 
200783 

16 Retrospective Fair 71.4 33.3 45.5 60 1.07 0.86 

African American Vashist, et al., 
200783 

34 Retrospective Fair 90 20 86.7 25 1.12 0.52 

Overall Yeih, et al., 
200750 

51 Prospective Fair 71 87 87 71 5.48 0.33 

Asian Yeih, et al., 
200750 

51 Prospective Fair 71 87 87 71 5.48 0.33 

With beta blocker Yeih, et al., 
200750 

24 Prospective Fair 67 78 83 58 3.0 0.43 

Without beta blocker Yeih, et al., 
200750 

27 Prospective Fair 77 93 91 81 10.8 0.25 

Overall Lu, et al., 201028 76 Prospective Good 90 53 57 89 1.94 0.18 
With LVH Lu, et al., 201028 36 Prospective Good NR 31 NR NR NR NR 
Without LVH Lu, et al., 201028 40 Prospective Good NR 66 NR NR NR NR 

Abbreviations: LR+ = positive likelihood ratio; LR- = negative likelihood ratio; LVH = let ventricular hypertrophy; CMR = cardiac magnetic resonance; N = number; NPV = 
negative predictive value; NR = not reported; PPV = positive predictive value 
 

Table 16. Summary table for CMR 
Predictor Study N Women Study Type Quality 

Score 
Sensitivity  

% 
Specificity  

% 
PPV % NPV % LR+ LR- 

Overall Klem, et al., 
200897 

136 Prospective Good 70 81 74 85 5.96 0.35 

≤ 97 g LV 
mass 

Klem, et al., 
200897 

NR Prospective Good 69 NR NR NR NR NR 

≥ 97 g LV 
mass 

Klem, et al., 
200897 

NR Prospective  Good  95 NR NR NR NR NR 
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Table 16. Summary table for CMR (continued) 
Predictor Study N Women Study Type Quality 

Score 
Sensitivity  

% 
Specificity  

% 
PPV % NPV % LR+ LR- 

Dobutami
ne 

Gebker, et 
al., 201095 

183 women 
 
490 men 

Prospective Good 85 (women) 
 
86 (men) 

86 
(women) 
 
83 (men) 

88 
(women) 
 
94 (men) 

83 
(women) 
 
67 (men) 

5.94 
(women) 
 
5.12 (men) 

0.18 
(wome
n) 
 
0.17 
(men) 

With LVH Gebker, et 
al., 201095 

56 women 
 
179 men 

Prospective Good 80 (women) 
 
79 (men) 

91 
(women) 
 
95 (men) 

93 
(women) 
 
98 (men) 

73 
(women) 
 
56 (men) 

8.4 (women) 
 
15.46 (men) 

0.22 
(wome
n) 
 
0.22 
(men) 

Without 
LVH 

Gebker, et 
al., 201095 

127 women 
 
311 men 

Prospective Good 87.5 
(women) 
 
90 (men) 

84 
(women) 
 
78 (men) 

85 
(women) 
 
91 (men) 

87 
(women) 
 
75 (men) 

5.51 
(women) 
 
4.08 (men) 

0.15 
(wome
n) 
 
0.12 
(men) 

Abbreviations: LR+ = positive likelihood ratio; LR- = negative likelihood ratio; LVH = let ventricular hypertrophy; CMR = cardiac magnetic resonance; N = number; NPV = 
negative predictive value; NR = not reported; PPV = positive predictive value 
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KQ 2 Summary 
To summarize, there was insufficient available evidence to draw definitive conclusions about 

predictors given the small number of studies for each predictor and for each modality, as well as 
the combination of predictor by modality. The main predictors examined included heart size, 
pretest probability of CAD, race/ethnicity, postmenopausal status, and beta blocker use. No 
studies examined functional status, age alone, or body size. Significant variability around 
diagnostic accuracy existed among the studies examining each stress modality, and studies that 
examined heart size varied on the effect on diagnostic accuracy by stress modality. 

Key Question 3: Use of NITs To Improve Risk Stratification, 
Decisionmaking, and Clinical Outcomes  
KQ 3. Is there evidence that the use of NITs (when compared with other 
NITs or with coronary angiography) in women improves: 

KQ 3a. Risk stratification/prognostic information? 
KQ 3b. Decisionmaking regarding treatment options (e.g., 
revascularization, optimal medical therapy)? 
KQ 3c. Clinical outcomes (e.g., death, myocardial infarction, unstable 
angina, hospitalization, revascularization, angina relief, quality of life)?  

Key Points 
• There were insufficient data to demonstrate that the use of specific NITs (compared with 

coronary angiography) routinely provided incremental risk stratification, prognostic 
information, or other meaningful information to improve decisionmaking. 

• Compared with other NITs, stress ECG testing had higher rates of indeterminate results 
in women, which limited the ability to compare risk stratification with low-risk and high-
risk findings from other stress imaging studies. 

• There was insufficient evidence on the comparative effectiveness of different NITs to 
have an impact on clinical decisionmaking that leads to improved patient outcomes in 
women. 

Detailed Synthesis 
For KQ 3, we examined studies that reported prognostic, outcome, or decisionmaking data 

comparing one NIT with another NIT or with coronary angiography in women with symptoms 
suspicious for CAD. We identified 13 studies,22-24,30,38,52,83,99,108-112 of which 3 were considered 
good quality, 9 were fair quality, and 1 was poor quality. The majority of the comparative studies 
evaluated (n = 7) provided information on risk stratification and prognostic information. Five of 
these studies evaluated clinical outcomes (two studies with information on both risk stratification 
and clinical outcomes), and two studies were aimed at clinical decisionmaking.  

In order to evaluate the ability of NITs to provide incremental information on risk 
stratification, prognosis, and decisionmaking, we evaluated studies that reported clinical 
outcomes for at least two NITs or coronary angiography. Although several studies in women 



88 

described observational cohorts of women undergoing an NIT who were followed for findings 
related to clinical outcomes, these studies were generally excluded since they were limited by the 
population risk studied, and they did not provide information on evidence for comparative 
effectiveness. Table 17 summarizes the findings for KQ 3a, 3b, and 3c. 

KQ 3a: Risk Stratification and Prognostic Information 
Eight studies (two good quality, six fair)38,52,83,99,108-111 provided evidence on risk 

stratification and prognosis. Of these studies, two108,109 from the Women’s Ischemia Study 
Evaluation (WISE) study evaluated the prognostic significance of CMR for women with 
suspected myocardial ischemia but without significant obstructive CAD (< 50 percent stenosis) 
on coronary angiography. In the study by Doyle, et al.,108 two imaging variables—global 
magnetic resonance-myocardial perfusion imaging ratio of average peak signal-to-normalized 
uptake slope at stress and ejection fraction—were predictive of events including death, MI, and 
hospitalization for worsening angina by univariable Cox regression modeling (hazard ratio 
0.516; 95% CI, 0.314 to 0.848; p < 0.05 and hazard ratio of 0.949; 95% CI, 0.911 to 0.990; p < 
0.05, respectively). Kaplan-Meier survival curves indicated a significant difference in time to 
adverse events between risk groups (log-rank 15.0, p < 0.0001). Annualized event rates were 12 
percent in the high-risk group (2 deaths and 10 hospitalizations for worsening angina) and 4 
percent in the not high-risk group (2 MIs and 9 hospitalizations for worsening angina).  

Johnson, et al.,109 found that of the 74 women without CAD undergoing CMR, 19 percent 
had a cardiovascular event (1 heart failure, 12 unstable angina admission, 2 other vascular 
events). Women without CAD and a negative CMR had an 87-percent cumulative 3-year event-
free survival rate. Women with CAD and positive (abnormal) CMR and women in the WISE 
study (control group, women with angiographically defined CAD) had lower event-free rates (57 
percent; p = 0.009, and 52 percent; p < 0.0001 respectively). Among women without CAD, the 
rate of hospitalization for angina was lower in those with normal CMR compared with abnormal 
CMR (12 percent versus 36 percent; p < 0.05).  

 Two other studies52,83 described the low event rate and good prognosis in patients with low-
risk findings on SPECT with diagnostic validation from coronary angiography.52,83 In a 
retrospective analysis, Vashist, et al.,83 specifically studied the prognostic value of myocardial 
perfusion imaging in minority women (African American, Hispanic, Asian) and found that low-
risk perfusion scanning signified a favorable prognosis for mortality at 2 years. Five of the 54 
patients (9.3 percent) had died at 2 years (3 with intermediate-risk scan and 2 with high-risk 
scan). In the prospective study by Mieres, et al.,52 evaluating the prognostic accuracy of SPECT 
in symptomatic postmenopausal women (n = 46) with an intermediate pretest likelihood for 
CAD, the cumulative 3- and 5-year event-free survival was 97 and 94 percent for normal 
myocardial perfusion scintigraphy (MPS) compared with 60 and 48 percent for those with 
abnormal MPS findings (p < 0.0001). Using ECG results for risk stratification, a negative 
exercise ECG was associated with 3- and 5-year event-free survival rates of 89 and 72 percent. 
When ECG and MPS results were included in a multivariable model, only MPS findings retained 
statistical significance (p = 0.017).  

The prospective analysis by Coelho-Filho, et al.,99 evaluated the prognostic value of stress 
CMR in a consecutive group of women (n = 177). The myocardial extent of ischemia (ISCH-
SCORE) was the strongest predictor of MACE events (cardiac death and acute MI) both with 
univariate and multivariate analysis: hazard ratio (95% CI) 1.36 (1.23 to 1.5) and 1.49 (1.31 to 
1.69) respectively. Women with evidence of ischemia also had a higher annual rate of MACE 
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and cardiac death compared with women without ischemia (15.1 percent and 8.2 percent versus 
0.3 percent and 0 percent respectively).  

Finally, three studies38,110,111 demonstrated the limitations and prognostic significance of 
ECG compared with coronary angiography and clinical outcomes. Morise, et al.,110 initially 
developed an exercise ECG score, including clinical and ECG variables to help risk stratify 
women with suspected CAD into groups of gradually increasing frequency of coronary disease 
and death. The score was then applied to women enrolled in the WISE study to assess the ability 
of the pretest and new exercise scores to stratify risk in women with low prevalence of 
angiographically defined CAD.111 Using the pretest score, a Kaplan-Meier curve analysis of the 
composite endpoint (death, MI, stroke, or late revascularization) revealed a clear separation 
between the low-risk group and the intermediate- and high-risk groups for as long as 4 years. 
The intermediate- and high-risk groups were separable for as long as 1.5 years but thereafter 
became less clearly separable. Using the exercise population, the number of events decreased, 
and the Kaplan-Meier curve displayed a less clear separation and a nonsignificant difference 
between the curves (p = 0.11). Using data from the WISE study, Lewis, et al.,38 found that the 
overall sensitivity of ECG was 31 percent for obstructive CAD on coronary angiography and that 
the inability to perform the ECG, rather than findings on ECG, predicted MI, death, or heart 
failure. These data emphasize some of the limitations of using ECG in women. 

KQ 3b: Decisionmaking for Treatment Options 
We found two studies23,112 with information on clinical decisionmaking that compared 

different NIT strategies. The prospective analysis by Wong, et al.,112 evaluated rates of referral 
for arteriography and revascularization according to sex. In this study, men were more likely to 
be referred for percutaneous transluminal coronary angioplasty or coronary artery bypass 
grafting than were women (59.4 percent versus 32.8 percent; odds ratio 3.0; 95% CI, 2.0 to 4.6). 
This difference in referral rate seemed to be linked to higher incidence of significant CAD in 
men (56.2 percent) compared with women (16.4 percent). When accounting for the difference in 
CAD incidence between men and women, there was no significant difference in 
revascularization rates, thus no difference in unnecessary referrals.  

The study by Sanfilippo, et al.,23 was an RCT of three testing strategies in women with chest 
pain. This fair-quality study included 158 women randomized to ECG, exercise stress ECHO, or 
dobutamine stress ECHO. All tests resulted in a diagnosis of cardiac chest pain or noncardiac 
chest pain or were indeterminate. The study found that ECG had a higher likelihood of 
indeterminate results, and patients with noncardiac chest pain from all modalities had low event 
rates. Although these two studies were informative, there remains a significant need for studies 
that evaluate clinical decisionmaking to improve treatment options for patients. 

KQ 3c: Clinical Outcomes 
We found four studies that provided data on the comparative clinical outcomes for different 

NITs.22,24,30,38 As previously stated, the study by Lewis, et al.,38 identified limitations in 
diagnostic accuracy with ECG (overall sensitivity of 31 percent) and associated limitations in 
prognostic impact. Event-free survival was shorter in women who did not undergo ECG. The 
proportional hazards model that included ECG, CAD, and age showed estimated hazard ratios 
(95% CI) of 0.42 (0.18 to 0.97), 3.88 (1.72 to 8.73), and 1.01 (0.98 to 1.05) respectively (p = 
0.0003). These results indicate a decreased risk of an event for women who underwent ECG, 
regardless of outcome, compared with those who did not undergo ECG.  



90 

The study by Dodi, et al.,22 evaluated 244 women who underwent ECG and exercise ECHO 
for symptoms suspicious for CAD. This study found that the prognostic information with stress 
ECHO (odds ratio 40) for death or MI was significantly above the effect of a positive ECG (odds 
ratio 3.5).  

The study by Raman, et al.,30 enrolled 23 women who had a positive nuclear scan (SPECT) 
referred for coronary angiography and who underwent dobutamine stress CMR to assess for 
ischemia. Followup in this study lasted 20 ± 8 months, and there were no reported MI, 
hospitalizations, or death in their study sample.  

The study by Shaw, et al.,24 evaluated women with an intermediate pretest likelihood of 
CAD. In that study, two diagnostic strategies, exercise ECG and SPECT, had a different effect 
on the 2-year posttest outcomes for MACE (cardiac death, nonfatal MI) or hospital admission for 
acute coronary syndrome or heart failure. MACE-free survival was found to be identical (98 
percent) for women randomized to the ECG or SPECT arm (p = 0.59), and the observed 2-year 
MACE rate was 1.7 percent for ECG and 2.3 percent for SPECT (relative hazard, 95% CI for 
MACE in SPECT arm versus ECG arm was 1.3; 0.5 to 3.5; p = 0.59). It was noted that the study 
was underpowered for the MACE outcome (post hoc analysis power of 15 percent at 0.05 
significance level). 

No articles of coronary CTA reported clinical outcomes data.
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Table 17. Summary of findings for KQ 3 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Doyle, et al., 
2010108 
 
 
 

Single center 
Retrospective  
Consecutive 
patients  
Enrollment: Nov 
1993–Oct 1998 
Followup: 34 ± 16 
months 
 

N overall:100 
 
Women: 100 
 
No known CAD 

NIT: CMR 
 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
Adverse events: Death, MI, hospitalization for worsening 
angina 
Imaging variables predictive of events by univariable Cox 
regression modeling were  
Global magnetic resonance–myocardial perfusion imaging 
ratio of average peak signal-to-normalized uptake slope at 
stress, HR 0.516, 95% CI 0.314 to 0.848 (p <0.05)  
Ejection fraction, HR 0.949, 95% CI 0.911 to 0.990 (p < 
0.05) 
Event rates 
High-risk: 2 deaths, 10 hospitalizations for worsening 
angina; annualized event rate 12% 
Low-risk: 2 MIs and 9 hospitalizations; annualized event 
rate 4% 
Kaplan-Meier survival curve of time to adverse event,  
log-rank: 15.0, p <0.0001 

Fair 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Johnson, et al., 
2004109  

• Multicenter 
• Prospective 

observational 
• Enrollment: NR 
• Followup: 

Median 36.5 
months 

 

N overall:74 
 
Women: 74 
 
Mixed population 

NIT: CMR 
 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
Death, MI, heart failure stroke, other vascular events, 
hospitalization for unstable angina: 
• In women without CAD (n = 74), 14 (19%) had 

cardiovascular event (0 death, 0 MI, 1 heart failure, 0 
stroke, 12 unstable angina, 2 others) 

• In women without CAD and normal CMR, 87% 3-year 
event-free 

• In women without CAD and abnormal CMR, 57% 3-
year event-free 

 
WISE reference women with known CAD (by coronary 
angiography) had 52% 3-year event-free 
 
Women without CAD, rate of hospitalization for angina 
Normal CMR: 12%  
Abnormal CMR: 36% (p < 0.05) 
 
Repeat angiography 
Normal CMR: 3%  
Abnormal CMR: 21% (p < 0.05) 

Fair 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Mieres, et al., 
200752  

• Single center  
• Prospective 

observational 
• Consecutive 

patients 
• Enrollment: NR 
• Followup: 5.0 ± 3 

years 
 
 

N overall: 46 
 
Women: 46 
 
No known CAD 

NITs: 
• Exercise ECG 
• SPECT  

 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
Hospitalization for ACS, MI, or new onset or worsening 
angina 
 
Normal MPS compared with abnormal MPS 
 
Cumulative event-free survival at 3 and 5 years was 97% 
and 94% for normal MPS results compared with 60% and 
48% for those with abnormal MPS findings (p < 0.0001) 
 
Cox models looked at time to cardiovascular event as 
primary endpoint defined as combination of cardiovascular 
death, MI, increasing chest pain symptoms with definitive 
ECG or enzyme marker positive criteria for ACS 
 
Risk stratification/prognostic outcomes 
A negative exercise ECG was associated with 3- and 5-
year event-free survival rates of 89% and 72% 
respectively 
 
Occurrence and date of the following cardiac events were 
noted: death, ACS, and coronary revascularization 
 
Coronary revascularization procedures were collected for 
censoring followup in the survival analysis 
 
Cause of death was defined as cardiovascular when 
occurring in the setting of a fatal MI, decompensated heart 
failure, or sudden cardiac death 
 
ACS was defined after confirmation of pain, ECG, and 
enzymatic criteria 

Fair 

Vashist, et al., 
200783  

• Single center 
• Retrospective  
• Consecutive 

patients 
• Enrollment: NR 
• Followup: 2 

years 
 

N overall: 54 
 
Women: 54 
 
Minority women  
 
Mixed population—
2% known CAD 

NIT: SPECT 
 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
Death: N = 5 (9.3%) 
• 3 with intermediate-risk perfusion scan 
• 2 with high-risk perfusion scan  

 
Low-risk perfusion scan with low event rate over 2 years 

Fair 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Morise, et al., 
2002110  

• Multicenter 
• Prospective 

observational  
• Enrollment: 

1981–1999 
• Followup: 2.6 

years 

N overall: 442 
 
Women: 442 
 
No known CAD 

NIT: Exercise ECG 
 
Reference test: 
Coronary 
angiography 
 

Study developed an exercise ECG score specifically for 
women. 
 
Factors in score for increase gradations of CAD included 
age (5), symptoms (2), diabetes (2), smoking (2), and 
estrogen status (1) 
 
Exercise ECG variables selected and their weights 
included ST depression (2), exercise heart rate (4), and 
Duke Angina Index (3) 

Good 

Morise, et al., 
2004111  

• Multicenter  
• Prospective 

observational 
• Enrollment: NR 
• Followup: mean 

3.4 years 

N overall: 563 
 
Women: 563 
 
No known CAD 

NIT: Exercise ECG 
 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
Composite death, MI, stroke, late revascularization  
 
Exercise scores: 
• Low-risk group composite endpoint in 4/83 (4.8%; 

annualized rate 1.4%) 
• Intermediate-risk group = 13/74 (17.6%; 5.2% 

annualized rate) 
• High-risk group = 4/32 (12.5%; annualized rate 

3.7%, p = 0.038) 

Fair 

Lewis, et al., 
200538  

• Single center 
• Prospective 

observational 
• Enrollment: Oct 

1996–Oct 1999 
• Followup: 

Median 2.82 
years (7 days to 
5.45 years) 

N overall: 96 
 
Women: 96 
 
Mixed population—
16 known CAD 
(prior 
revascularization or 
MI) 

NIT: Exercise ECG 
 
Reference test: 
Coronary 
angiography 
 

Clinical outcomes 
MI: N = 5  
Congestive heart failure: N = 11 
Death: N = 12 
 
Overall sensitivity of exercise ECG was 31% with CAD on 
coronary angiography; inability to perform ECG testing, 
rather than findings on ECG, predicted MI, death, heart 
failure 
 
The proportional hazards model that included ECG, CAD, 
and age revealed estimated hazard ratios (95% CI) of 
0.42 (0.18 to 0.97), 3.88 (1.72 to 8.73), and 1.01 (0.98 to 
1.05), respectively (P = 0.0003) 
 
This indicates a decreased risk of an event for women 
who underwent ECG, regardless of outcome, compared 
with those who did not 

Good 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Wong, et al., 
2001112  

• Single center 
• Retrospective 

observational  
• Enrollment: 

Dec1997–April 
2000 

• Followup: NA 
  

N overall: 1522 
 
Women: 601 
 
No known CAD 

NIT: Exercise ECG 
N = 423 (137 women 
286 men) 
 
Reference test: 
Coronary 
angiography 
 

Decisionmaking for treatment 
Men were more likely to be referred for percutaneous 
transluminal coronary angioplasty or coronary artery 
bypass grafting than women—59.4% vs. 32.8% (OR 3.0, 
95% CI 2.0 to 4.6) but men had a higher incidence of both 
significant and prognostic CAD (56.2% of women were 
found to have normal coronary arteries compared with 
only 16.4% of men). When this was taken into account, 
there was no significant difference in revascularization 
rates 

Poor 

Sanfilippo, et 
al., 200523 

• Multicenter  
• Prospective 

observational  
• Enrollment: NR 
• Followup: 28.1 ± 

14.2 months 

N overall: 158 
 
Women: 158  
 
No known CAD 

NIT: Exercise ECG 
 
Reference test: 
Stress ECHO 

Decisionmaking for treatment  
Exercise ECG had higher likelihood of indeterminate 
results, patients with noncardiac chest pain from all 
modalities had low event rate 

Fair 

Dodi, et al., 
200122  
 

• Multicenter  
• Prospective 

observational  
• Enrollment: Nov 

1990–Oct 1996 
• Followup: 36 ± 

18 months 
 

N overall: 244 
 
Women: 244 
 
No known CAD 

NIT: Exercise ECG 
 
Reference test: 
Stress ECHO 
 
 

Clinical outcomes 
All-cause mortality: N = 2  
Nonfatal MI: N = 5 
Unstable angina: N = 7 
 
Prognosis for death or MI 
Positive stress ECHO (OR 40)  
Positive ECG (OR 3.5) 

Good 

Raman, et al., 
200830 

• Single center 
• Prospective 

observational 
• Consecutive 

patients 
• Enrollment :NR 
• Followup: 20 ± 8 

months 

N overall: 23 
 
Women: 23 
 
No known CAD 

NITs: 
• Exercise ECG 
• SPECT 
• CMR 

 
Reference test: 
Coronary 
angiography 

Clinical outcomes 
MI: N = 0 
Hospitalization: N = 0 
Death: N = 0 

Fair 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Coelho-Filho, et 
al., 201199 

• Single center 
• Prospective 

observational 
• Consecutive 

patients 
• Enrollment: NR 
• Followup: 

median 30 
months 

N overall: 405 
 
Women: 168 
 
Mixed population 
180 with known 
CAD (history of MI, 
PCI, or CABG) 
 

NIT: Stress CMR 
 
Reference test:  
(only in a minority of 
patients; N = 77) 
Coronary 
angiography 

MACE (overall)  
Death: N = 15 (cardiac N = 7, noncardiac N = 8) 
MI: N = 7 
 
Ischemia (+) N = 36 
MACE: 15%  
Cardiac death: 8.2% 
 
Ischemia (-) N = 132 
MACE: 0.3%  
Cardiac death: 0.02% 
 
ISCH-SCORE  
MACE HR 1.49, 95% CI 1.31 to 1.69; p<0.0001 

Fair 
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Table 17. Summary of findings for KQ 3 (continued) 
Study Study Design Patient 

Population 
NIT and Reference 

Test 
Outcomes Quality 

Score 
Shaw, et al., 
201124 

• Multicenter 
• RCT 
• Enrollment : NR 
• Followup: 24 

months  

N overall: 772 
 
Women: 772 
 
No known CAD 

NITs: 
• Exercise ECG 
• SPECT 

MACE  
Composite of cardiac death, nonfatal MI, or hospital 
admission for an acute coronary syndrome or heart failure 
 
MACE-free survival was identical (98%) for women 
randomized to the exercise ECG arm or SPECT arm (p = 
0.59) 
 
The observed 2-year MACE rate was 1.7% for ECG and 
2.3% for SPECT. The relative hazard for MACE was 1.3 
(95% CI, 0.5 to 3.5) for the SPECT arm compared with the 
ECG arm (P = 0.59) 
 
Note: The study was underpowered for MACE outcome 
(post hoc analysis power of 15% at 0.05 significance 
level) 
 
An additional 6 women died from noncardiac causes 
(ECG arm, 0.5%; exercise SPECT arm, 1%; P = 0.39) 
 
By 6 months, 50% of enrolled women were symptom-free. 
By 2 years, 60% of ECG and 65% of SPECT women were 
symptomatic (p = 0.25) 
 
All Seattle Angina Questionnaire (SAQ) subscales were 
similar by randomized groups during followup. Cumulative 
incidence of worsening SAQ angina frequency or stability 
was 5% for both ECG and SPECT arms (p = 0.75) 
 
 

Fair 

Abbreviations: CAD = coronary artery disease; CMR = cardiac magnetic resonance; ECG = exercise/stress electrocardiogram; ECHO = echocardiogram; HR = hazard ratio; 
MACE = major adverse cardiovascular event; MI = myocardial infarction; NIT = noninvasive technology; NA = not applicable; NR = not reported; SPECT = single proton 
emission computed tomography 
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KQ 3 Summary 
We identified 13 comparative studies for KQ 3 that evaluated NITs for risk stratification, 

prognosis, and decisionmaking affecting clinical outcomes. Two studies reported that women 
with abnormal CMR and normal coronary angiography had lower event-free survival rates. One 
study found that an abnormal SPECT resulted in a lower event-free survival rate. One study 
found that a negative stress ECG and diagnosis of noncardiac chest pain translated into lower 
event rates. Another study found that a positive stress ECHO had higher prognosis of worse 
cardiovascular events than a positive stress ECG. However, the studies were small and 
underpowered, and therefore all these findings would require significant confirmation and 
replication in larger studies with women. Overall, the literature identified was insufficient in 
demonstrating that the use of a specific NIT provided incremental risk stratification, prognostic 
information, or other meaningful information to improve decisionmaking and improve patient 
outcomes. There were specific limitations for the populations studied, including baseline risk, 
comparative outcomes, and relationship to diagnostic accuracy. 

Key Question 4: Safety Concerns and Risks  
KQ 4. Are there significant safety concerns/risks (i.e., radiation exposure, 
access site complications, contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, anaphylaxis, arrhythmias) associated with 
the use of different NITs to diagnose CAD in women with symptoms 
suspicious for CAD?  

Key Points 
• Data specific to women on access site complications, contrast agent-induced 

nephropathy, nephrogenic systemic fibrosis, or anaphylaxis associated with NITs were 
not reported in any of the studies included in this report. 

• One study showed a significantly lower rate of supraventricular tachycardia (SVT) in 
women undergoing dobutamine ECHO compared with men.  

• A study of adenosine thallium SPECT showed higher rates of ST depression in women 
compared with men. 

• The results of one study suggested that lifetime attributable risk of both cancer incidence 
and fatal cancer incidence associated with a single coronary CTA examination was 
approximately twice as high in women compared with men for 50-, 60-, and 70-year old 
patients. These estimates are derived from projected data rather than from direct 
observation. The mean effective dose associated with coronary CTA in four studies 
ranged from 13.7 to 16.0 mSv for women and 11.1 to 16.4 for men. Radiation safety 
issues were not discussed in the studies that reported on other NITs. 

• Other than higher mean effective radiation doses for coronary CTA studies for women 
compared with men, from three of the four studies reporting radiation exposure levels, 
there is insufficient evidence to conclude that safety concerns, risks, or radiation exposure 
associated with different NITs to diagnose CAD in patients with symptoms suspicious for 
CAD differ significantly between women and men. 
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Detailed Synthesis 
Tests and procedures are associated with varying degrees of risk. In the case of NITs 

intended to diagnose CAD in women with symptoms suspicious for CAD, physiological stress, 
contrast agents, and exposure to radiation may cause immediate or long-term harm. Exercise or 
pharmacological stressors, for example, may cause arrhythmias, acute or worsening ischemia, 
hypotension, or cardiac arrest. The contrast agents used in conjunction with ECHO, radionuclide 
myocardial perfusion imaging, CMR, and coronary CTA can cause anaphylaxis, nephrotoxicity, 
arrhythmias, or thromboembolism. The Food and Drug Administration (FDA) has issued a boxed 
warning for ECHO contrast agents that contain microscopic gas-filled spheres as well as for 
gadolinium-based contrast agents because of apparent risk of causing nephrogenic systemic 
fibrosis. CMR introduces the unique risk from metallic objects in or on the body (e.g., an 
aneurysm clip) causing bodily harm if moved by the magnetic forces used in CMR. Furthermore, 
radiation exposure associated with radionuclide myocardial perfusion imaging and coronary 
CTA may be carcinogenic. These safety concerns and risks may differ for women compared with 
men, in part because of differences in radiosensitivity between female and male reproductive 
organs as well as differences between reproductive organs and other organs or tissues. In the next 
sections, we summarize the evidence pertaining to safety concerns and risks of NITs among 
women, as reported and discussed in the studies included in this review (Table 18). 

For KQ 4, we examined studies that reported data pertinent to safety concerns or risks 
associated with the use of NITs to diagnose CAD in women. We identified 13 
studies,27,28,35,39,67,72,89,95,96,103,105,113,114 of which 9 were good quality and 5 were fair quality.  

ECG 
Five studies reported sex-specific safety data among women who underwent exercise or 

stress ECG and at least one other diagnostic test for CAD.27,28,35,39,67 Of these studies, one was a 
good-quality RCT, two were good-quality prospective cohort studies, and two were fair-quality 
prospective cohort studies, representing a total of 413 women. Only one study28 reported side 
effects specifically for stress ECG. In the study by Lu, et al.,28 of 76 hypertensive women, 
rhythm disturbances were noted in 11 percent of subjects, as were frequent and severe premature 
ventricular contractions (PVCs). The reported adverse event rate associated with exercise ECG 
in this group of patients was 0 percent for symptomatic hypotension, dyspnea, nausea or 
vomiting, severe headache, flushing, left branch bound block (LBBB), and supraventricular 
tachycardia (SVT). The other four studies reported side effects associated with ECHO but not 
with exercise/stress ECG. 

ECHO 
Data pertaining to safety in women who underwent exercise/stress ECHO testing were 

reported in six studies.27,28,35,39,67,72 Of these, four were good-quality prospective cohort studies, 
and two were fair-quality prospective cohort studies, representing a total of 513 women. One 
study28 compared dobutamine ECHO with dipyridamole ECHO, and five studies27,35,39,67,72 used 
dobutamine as the pharmacological stressor. 

In the study by Lu, et al.,28 that reported adverse events among 76 hypertensive women who 
underwent dobutamine ECHO, dipyridamole ECHO, and exercise ECG, the rates of adverse 
events associated with dobutamine ECHO were 4 percent for symptomatic hypotension, 0 
percent for dyspnea, 1 percent for nausea or vomiting, 3 percent for severe headache, 0 percent 
for flushing, 16 percent for rhythm disturbances, 13 percent for frequent and severe PVCs, 1 
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percent for LBBB, and 1 percent for SVT. In contrast, the rates of adverse events associated with 
dipyridamole ECHO were 1 percent for symptomatic hypotension, 3 percent for dyspnea, 7 
percent for nausea or vomiting, 12 percent for severe headache, 13 percent for flushing, 4 percent 
for rhythm disturbances, 4 percent for frequent and severe PVCs, and 0 percent each for LBBB 
and SVT.  

In the study by Laurienzo, et al.,39 that evaluated transesophageal dobutamine stress ECHO, 
2 out of 84 women (2.4 percent) developed supraventricular arrhythmias, and 3 (3.6 percent) had 
intolerance to the probe. The study by Elhendy, et al.,71 reported the symptoms and 
complications of dobutamine ECHO (with atropine administered as indicated) in 96 women and 
210 men. Rates of reported events among the women were 5 percent for nausea, 0 percent for 
flushing, 2 percent for dizziness, 1 percent for anxiety, 4 percent for chills, 5 percent for 
headache, 1 percent for symptomatic hypotension, 38 percent for typical angina, 2 percent for 
SVT, 0 percent for atrial fibrillation, 1 percent for VT < 10 beats, and 0 percent for VT > 10 
beats. Women experienced significantly lower rates (at the p < 0.05 level) of SVT and runs of 
VT < 10 beats compared with men who experienced these events at rates of 9 percent and 7 
percent, respectively. A study by Lewis, et al.,72 that evaluated dobutamine ECHO in 92 women 
reported early termination of the stress test in 2 percent of patients because of VT or sustained 
SVT. Eight participants (9 percent) experienced dyspnea or extreme anxiety but did not require 
the study to be prematurely terminated, while 18 participants (20 percent) experienced mild 
symptoms of nausea and 8 participants (9 percent) had lightheadedness. A study of a cohort of 
114 women by Lehmkuhl, et al.,27 reported incidence rates of 2.6 percent for arterial 
hypotension, 17 percent for PVCs, and 1.7 percent for nonsustained VT with a maximum of 7 
beats associated with dobutamine.  

Finally, a study by Ho, et al.,67 reported the following complications during dobutamine 
infusion for ECHO testing: frequent ventricular premature contractions (24 percent); chest pain 
(24 percent); palpitations (20 percent); frequent atrial premature contractions (18 percent); ST-
segment change (16 percent); atrial fibrillation (2 percent); nonsustained ventricular tachycardia 
(2 percent); hypotension (2 percent); headache (2 percent); and yawning (2 percent). 

SPECT 
Data pertaining to safety in women who underwent exercise/stress SPECT were reported in 

four prospective cohort studies28,39,67,89 representing 294 women. Three studies were good-
quality and one was fair-quality. The study by Lu, et al.,28 evaluated technetium-99 sestamibi 
SPECT, the study by Ho, et al., 67 compared dobutamine ECHO with SPECT, coronary 
angiography, and exercise ECG, and two studies, by Laurienzo, et al.,39 and Mohiuddin, et al.,89 
evaluated thallium-201 myocardial perfusion imaging. Only one of the four studies89 reported 
sex-specific safety data associated with SPECT. In this study of adenosine thallium-201 
myocardial perfusion imaging, the rates of adverse effects of adenosine were 41 percent for 
flushing, 25 percent for neck or jaw pain, 30 percent for dyspnea, 12 percent for lightheadedness, 
10 percent for nausea, 8 percent for headache, 4 percent for second-degree atrioventricular (AV) 
block, 1 percent for third-degree AV block, 48 percent for hypotension, and 20 percent for 
miscellaneous. Compared with men in the same study, women experienced significantly higher 
rates of chest pain (21 percent in men) and ST segment depression (8 percent in men) but had no 
significant differences in rates of other side effects. 



101 

CMR 
Two studies reported data pertaining to safety in women undergoing CMR. A study by 

Gebker, et al.,95 reported safety data in women undergoing dobutamine stress CMR. This good-
quality, prospective cohort study included 204 consecutive women and 541 men with suspected 
and known CAD scheduled for clinically indicated coronary angiography. In general, severe side 
effects likely attributable to dobutamine occurred uncommonly but tended to occur less often in 
women than men, with incidences of severe dyspnea of 1 percent versus 0.7 percent; severe 
increase in blood pressure of 0.5 percent versus 0.6 percent; paroxysmal atrial fibrillation in 1.5 
percent versus 2.4 percent; incidence of ventricular tachycardia in 0.5 percent versus 0.6 
percent—all in women compared with men. None of these incidences of side effects in women 
were statistically significantly different. The study by Merkle, et al.,96 was a good-quality 
prospective cohort study that included 77 women who underwent both CMR and coronary 
angiography. This study reported no adverse events associated with adenosine infusion. Neither 
of the two studies reported adverse events potentially associated with CMR itself; the adverse 
events assessed in these two studies were limited to the pharmacological stress component of the 
testing procedure. 

Coronary CTA 
Four studies included sex-specific data on radiation dose associated with coronary 

CTA.103,105,113,114 All four were prospective cohort studies that compared coronary CTA with 
conventional coronary angiography. Of these, two were good quality and two were fair quality. 
Collectively, they included 486 women.  

The estimated radiation exposure associated with a single 64-slice, contrast-enhanced 
coronary CTA was 14.4 mSv for women compared with 11.1 mSv for men in a study by 
Weustink, et al., (2007)113 evaluating the accuracy of a 32-slice dual-source CT. A study by 
Dewey, et al.,103 that used a 16-slice multislice CT scanner reported that the effective dose of a 
16-slice coronary CTA examination was significantly higher by approximately 17 percent for 
women compared with men (13.7 ± 1.2 mSv versus 11.7 ± 0.9 mSv, p < 0.001). The largest 
contributor to dose among women were the lungs (average of 5.2 mSv, 37.8 percent of the 
effective dose), with breasts contributing 24.5 percent of the effective dose (3.35 mSv, on 
average). A study by Dharampal, et al.,105 included 280 women and 636 men. Single-source CT 
was used for the 385 patients enrolled between July 2004 and March 2006, and dual-source CT 
was used for the 531 patients enrolled between April 2006 and April 2009. Unlike the previous 
two studies, this study found the mean effective radiation dose for single-source CT to be slightly 
higher in men compared with women with levels of 16.4 mSv (SD = 1.1) and 16.0 mSv (SD = 
1.3) respectively (p = 0.002). The mean effective radiation dose for dual-source CT was lower 
compared with single-source CT and was not significantly different between the sexes, with 
levels of 14.4 mSv (SD = 4.6) and 15.2 mSv (SD = 4.8) for women and men, respectively (p = 
0.10).  

The fourth study, by Weustink, et al.,,114 included sex-specific radiation data and involved 
436 symptomatic patients (301 men, 135 women; mean age of 61.6 years) who underwent both 
conventional coronary angiography and coronary CTA. Standard and ECG pulsing were 
performed in 327 and 109 patients, respectively. The authors of this study applied the Biological 
Effects of Ionizing Radiation (BEIR) VII approach115 to estimate sex-dependent and age-
dependent whole-body lifetime attributable risk of cancer incidence and mortality from a single 
coronary CTA examination. Risks were estimated for 50-, 60-, and 70- year-old men and women 
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for each of three coronary CTA techniques: no ECG pulsing, standard ECG pulsing, and optimal 
ECG pulsing. The findings of this study suggest that lifetime attributable risk of both cancer 
incidence and fatal cancer incidence was approximately double in women, compared with men 
for 50-, 60-, and 70-year old patients. Attributable risk was highest for no ECG pulsing and 
lowest for optimal ECG pulsing across all three age groups and both sexes. Attributable risk was 
highest for 50-year old patients and lowest for 70-year patients across all three ECG pulsing 
approaches and both sexes. Lifetime attributable risk of cancer associated with a single coronary 
CTA examination with standard ECG pulsing was estimated at approximately 0.15 percent for 
60-year-old women and 0.08 percent for 60-year-old men. Lifetime attributable risk of fatal 
cancer associated with a single coronary CTA examination with standard ECG pulsing was 
estimated at approximately 0.13 percent for 60-year-old women and 0.07 percent for 60-year-old 
men. These estimates are derived from projected data rather than from direct observation. Of 
note, reproductive organs are generally more sensitive to radiation than other tissues or organs; 
radiation exposure to reproductive organs may therefore result in higher projected cancer risk.  
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Table 18. Adverse effects of different NITs for screening of CAD in women 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Lu, et al., 
201028 

Exercise ECG  Exercise MIBI 
scanning 
Dobutamine 
ECHO 
Dipyridamole 
ECHO 

Prospective 
observational 
cohort 

76 (76) Arrhythmias: PVCs in 8 (11%); 
rhythm disturbances noted in 8 
(11%). No development of 
LBBB or SVT 
Contrast issues: NA 
Radiation: NR 
Clinical events: No 
hypotension, dyspnea, nausea 
or vomiting, severe headache, 
flushing 
Other: NR 

NA (women-only study) Good 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Lu, et al., 
201028 

Dobutamine 
ECHO 
Dipyridamole 
ECHO 
 

Exercise ECG 
Exercise MIBI 
scanning 

Prospective 
observational 
cohort 

76 (76) Dobutamine vs. dipyridamole 
Arrhythmias:  
Rhythm disturbances: 12 (16%) 
vs. 3 (4%) 
Frequent and severe PVCs: 10 
(13%) vs. 3 (4%) 
LBBB: 1 (1%) vs. 0 
SVT: 1 (1%) vs. 0 
Contrast issues: NA 
Radiation: NR 
Clinical events: 
Symptomatic hypotension: 3 
(4%) vs. 1 (1%)  
Dyspnea: 0 vs. 2 (3%) 
Nausea or vomiting: 1 (1%) vs. 
5 (7%) 
Severe headache: 2 (3%) vs. 9 
(12%) 
Flushing: 0 vs. 10 (13%) 
Other: NR  

NA (women-only study) Good 

Lehmkuhl, 
et al., 
200727 

Dobutamine 
ECHO 

Exercise ECG Prospective 
observational 
cohort 

114 
(114) 

Arrhythmias:  
Frequent premature ventricular 
beats (17%) 
Non-sustained ventricular 
tachycardia of maximal 7 beats 
(1.7%) 
Contrast issues: NA 
Radiation: NA 
Clinical events: Arterial 
hypotension (2.6%) 
Others: NR 

NA (women-only study) Good 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Laurienzo, 
et al., 
199739 

Transesophageal 
dobutamine 
ECHO 

Thallium 
scintigraphy  
Exercise ECG 
Coronary 
angiography 

Prospective 
observational 
cohort 

84 (84) Arrhythmias: SVT: 2 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Severe chest pain: 14 
Severe hypertension (> 250 
mm Hg): 3 
Dobutamine-induced chest 
pain: 61 
Other:  
Extensive wall motion 
abnormalities: 5  
Intolerance to probe: 3  

NA (women-only study) Good 

Elhendy, et 
al., 199735 

Dobutamine 
ECHO 

Coronary 
angiography 

Prospective 
observational 
cohort 

96 (306) Arrhythmias:  
SVT: 2 (2)* 
AF: 0 
VT < 10 beats: 1 (1)* 
VT > 10 beats: 0 
*Significantly lower rates in 
women compared with men; 
others not significantly 
different  
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Nausea: 5 (5) 
Flushing: 0 
Dizziness: 2 (2) 
Anxiety: 1 (1) 
Chills: 4 (4) 
Headache: 5 (5) 
Symptomatic hypotension: 1 (1) 
Typical angina: 36 (38) 
Other: NR 

Arrhythmias:  
SVT: 18 (9)* 
AF: 1 (0.5)  
VT < 10 beats :14 (7)* 
VT > 10 beats: 1 (0.5) 
*Significantly lower rates in 
women compared with 
men; others not 
significantly different 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Nausea: 4 (2)  
Flushing: 1 (0.5)  
Dizziness: 2 (1)  
Anxiety: 1 (0.5)  
Chills: 11 (5)  
Headache: 10 (5)  
Symptomatic hypotension: 
1 (0.5)  
Typical angina: 92 (44)  
 Other: NR 

Fair 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Lewis, et 
al., 199972 

Dobutamine 
ECHO 

Coronary 
angiography 

Prospective 
observational 
cohort 

92 (92) Arrhythmias: 
VT or sustained SVT requiring 
termination of study: 2 (2) 
Dyspnea or extreme anxiety: 8 
(9) 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Nausea: 18 (20)  
Lightheadedness: 8 (9) 
Anginal chest pain: 15 (16) 
Hypotension: 3 (3), 
Hypertension: 4 (4), 
Atypical chest pain: 43 (47) 
Other: NR 

NA (women-only study) Good 

Ho, et al., 
199867 

Dobutamine 
ECHO 

Exercise ECG 
SPECT 
Coronary 
angiography 

Prospective 
observational 
cohort 

51 (51) Arrhythmias:  
Frequent PVCs: 24% 
Atrial fibrillation: 2% 
Nonsustained VT: 2% 
Frequent PACs: 18% 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Chest pain: 24% 
Palpitations: 20% 
Hypotension: 2% 
Headache: 2%  

NA (women-only study) Fair 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Mohiuddin, 
et al., 
199689 

Adenosine 
thallium 201 
SPECT scans 

Coronary 
angiography 

Prospective 
observational 
cohort 

83 (202) Arrhythmias:  
Second-degree AV block: 3 (4) 
Third-degree AV block: 1 (1.2)  
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Flushing: 34 (41) 
Neck or jaw pain: 21 (25) 
Dyspnea: 25 (30) 
Lightheadedness :10 (12) 
Nausea: 8 (10) 
Headache: 7 (8) 
Chest pain: 25 (30)* 
Hypotension: 40 (48) 
Other: 
ST depression: 12(14)* 
Miscellaneous: 17 (20) 
*Significantly higher rates in 
women compared with men (p 
< 0.05); others not significantly 
different 

Arrhythmias:  
Second-degree AV block: 
4 (3) 
Third-degree AV block: 1 
(0.8) 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Flushing: 48 (40) 
Neck or jaw pain: 33 (28  
Dyspnea: 30 (25) 
Lightheadedness: 13 (11) 
Nausea: 12 (10) 
Headache: 9 (8) 
Chest pain: 28 (24)* 
Hypotension: 54 (45) 
Other: 
ST depression 9 (8)*, 
Miscellaneous 28 (24) 
*Significantly higher rates 
in women compared with 
men (p < 0.05); others not 
significantly different 

Good 

Gebker, et 
al., 201095 

Dobutamine 
stress CMR 

Coronary 
angiography 

Prospective 
observational 
cohort 

204 
(745) 

Arrhythmias:  
Paroxysmal AF: 3 (1.5),  
Self-limiting VT: 1 (0.5%) 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Severe chest pain 4 (2) 
Severe dyspnea 2 (1),  
Severe increase in blood 
pressure (>240/12) 1 (0.5) 
Other: NR 
Rates of side effects were not 
statistically significantly 
different from men in the 
study 

Arrhythmias:  
Paroxysmal AF: 13 (2.4)  
Self-limiting VT: 3 (0.6) 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Severe chest pain 20 (3.7)  
Severe dyspnea 4 (0.7)  
Severe increase in blood 
pressure (>240/120 mm 
Hg) 3 (0.6)  
Other: NR 

Good 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Merkle, et 
al., 201096 

Adenosine stress 
CMR 

Coronary 
angiography 

Prospective 
observational 
cohort 

77 (256) Arrhythmias: NR 
Contrast issues: NR 
Radiation: NR 
Clinical events: No adverse 
events associated with 
adenosine infusion 
  

Clinical events: No 
adverse events associated 
with adenosine infusion 
 

Good 

Dewey, et 
al., 2008103 

Coronary CTA 
(16-slice) 
 

Coronary 
angiography 

Prospective 
observational 
cohort 

50 (145) Arrhythmias: NR 
Contrast issues: NR 
Radiation: 13.7 ± 1.2 mSv* 
Clinical events: NR 
Other: NR 
*Significantly higher in 
women compared with men 
(p < 0.001) 

Arrhythmias: NR 
Contrast issues: NR 
Radiation: 11.7 ± 0.9 
mSv* 
Clinical events: NR 
Other: NR 
*Significantly higher in 
women compared with 
men (p < 0.001) 

Good 

Weustink, 
et al., 
2007113 

Coronary CTA 
(32-slice) 

Coronary 
angiography 

Prospective 
observational 
cohort 

21 (100) Arrhythmias: NR 
Contrast issues: NR 
Radiation: 14.4 mSv  
Clinical events: NR 
Other: NR 

Arrhythmias: NR 
Contrast issues: NR 
Radiation: 11.1 mSv 
Clinical events: NR 
Other: NR 
 

Fair 

Weustink, 
et al., 
2009114 

Coronary CTA 
(64-slice with 
optimal ECG 
pulsing) 

Coronary 
angiography 

Prospective 
observational 
cohort 

135 
(436) 

Arrhythmias: NR 
Contrast issues: NR 
Radiation: NR 
Clinical events: Approximately 
double lifetime attributable risk 
of both cancer incidence and 
fatal cancer incidence in 
women, compared with men, 
for 50-, 60-, and 70-year old 
patients 
Other: NR 

Arrhythmias: NR 
Contrast issues: NR 
Radiation: NR 
Clinical events: 
Approximately double 
lifetime attributable risk of 
both cancer incidence and 
fatal cancer incidence in 
women, compared with 
men, for 50-, 60-, and 70-
year old patients 
Other: NR 

Good 
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Table 18. Adverse effects of different NITs for screening of CAD in women (continued) 
Study Stress Test 

Modality 
Comparator Study Type N 

Women 
(Total) 

Adverse Events in Women 
 

Adverse Events in Men Quality 

Dharampal, 
et al., 
2011105 

Coronary CTA 
(single-source 
CT, dual-source 
CT)  

Coronary 
angiography 

Prospective 
observational 
cohort 

280 
(916) 

Arrhythmias: NR 
Contrast issues: NR 
Radiation:  
Single-source CT effective 
radiation dose: 16.0 + 1.3 mSv* 
(SD =1.3) 
Dual-source CT effective 
radiation dose: 14.4 + 4.6 mSv  
 

Arrhythmias: NR 
Contrast issues: NR 
Radiation:  
Single-source CT effective 
radiation dose: 16.4 + 1.1 
mSv* 
Dual-source CT effective 
radiation dose: 15.2 + 4.8 
mSv†  
*Significantly higher in 
men compared with 
women (p = 0.002) 
†No significant difference 
in men compared with 
women (p = 0.10) 

Fair 

Abbreviations: AF = atrial fibrillation; CTA = computed tomography angiography; CMR = cardiac magnetic resonance imaging; ECG = electrocardiography; ECHO = 
echocardiography; MIBI = methoxyisobutyl; NR = not reported; NA = not applicable; PAC = premature atrial contraction; PVC = premature ventricular contraction; SVT = 
supraventricular tachycardia; VT = ventricular tachycardia 
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KQ 4 Summary 
Thirteen studies reported data pertinent to safety concerns or risks associated with the use of 

NITs to diagnose CAD in women with suspected CAD. Nine of these studies were rated good 
quality and four fair quality. Data pertinent to safety concerns specifically for women for a given 
NIT were reported in six studies for ECHO, five for coronary CTA, two for CMR, and one each 
for exercise/stress ECG and SPECT.  

Data specific to women on access site complications, contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, or anaphylaxis associated with NITs were not reported in any of 
the studies included in this review. There was insufficient information in the extant literature to 
draw conclusions about sex-specific concerns about arrhythmias associated with different NITs. 
Total-body radiation exposure from coronary CTA examinations appeared to be higher in 
women compared with men; lifetime attributable risk of both cancer incidence and fatal cancer 
incidence associated with a single coronary CTA examination was estimated in one study to be 
twice as high in women compared with men. However, recent advancements in technology have 
reduced the radiation exposure for coronary CTA, suggesting that these estimates may not be 
applicable to newer testing protocols. Radiation safety issues were not discussed for NITs other 
than coronary CTA.  
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Summary and Discussion 
For this report, we conducted a systematic review of the peer-reviewed medical literature to 

evaluate the accuracy of different NIT modalities for diagnosing CAD in women with symptoms 
suspicious for CAD.  

KQ 1: Diagnostic Accuracy of NITs 
For diagnostic accuracy, we identified the following number of studies for each NIT 

modality: 

• ECG: 41 studies (13 good quality, 22 fair, 6 poor) 
• ECHO: 22 studies (8 good, 13 fair, 1 poor) 
• SPECT: 30 studies (10 good, 15 fair, 5 poor) 
• CMR: 6 studies (5 good quality, 1 fair) 
• Coronary CTA: 8 studies (4 good, 4 fair) 
We analyzed the results by study population (no known CAD and mixed CAD populations) 

and by study quality (good quality rating). Table 19 and Figure 41 show the summary 
sensitivities and specificities for each NIT modality.  
 

Table 19. Summary of accuracy of NITs for diagnosing CAD in women 
Modality Population Quality of 

Included 
Studies 

Number of 
Studies 

Number of 
Women 

Summary 
Sensitivity 
(95% CI) 

Summary 
Specificity 
(95% CI) 

ECG No known 
CAD 

All 
 
Good 

29 
 
10 

3392 
 
1410 

62% (55%-68%) 
 
70% (58%-79%) 

68% (63%-73%) 
 
62% (53%-69%) 

Mixed 
population 

All 
 
Good 

41 
 
13 

4879 
 
1679 

61% (54%-67%) 
 
65% (52%-76%) 

65% (58%-72%) 
 
60% (52%-68%) 

ECHO No known 
CAD 

All 
 
Good 

14 
 
5 

1286 
 
561 

79% (74%-83%) 
 
79% (69%-87%) 

83% (74%-89%) 
 
85% (68%-94%) 

Mixed 
population 

All 
 
Good 

22 
 
8 

1873 
 
807 

78% (73%-83%) 
 
77% (65%-85%) 

86% (79%-91%) 
 
89% (76%-95%) 

SPECT No known 
CAD 

All 
 
Good 

14 
 
4 

1000 
 
394 

81% (76%-86%) 
 
83% (52%-95%) 

78% (69%-84%) 
 
72% (37%-92%) 

Mixed 
population 

All 
 
Good 

30 
 
10 

2146 
 
982 

82% (77%-87%) 
 
82% (72%-88%) 

81% (74%-86%) 
 
79% (66%-87%) 

CMR No known 
CAD 

All 
 
Good 

5 
 
5 

501 
 
501 

72% (55%-85%) 
 
72% (55%-85%) 

84% (69%-93%) 
 
84% (69%-93%) 

Mixed 
population 

All 
 
Good 

6 
 
5 

778 
 
610 

78% (61%-89%) 
 
76% (55%-89%) 

84% (74%-90%) 
 
84% (72%-91%) 

Coronary 
CTA 

No known 
CAD 

All 
 
Good 

5 
 
3 

474 
 
124 

93% (69%-99%) 
 
85% (26%-99%) 

77% (54%-91%) 
 
73% (17%-97%) 

Mixed 
population 

All 
 
Good 

8 
 
4 

690 
 
201 

94% (81%-98%) 
 
83% (58%-94%)  

87% (68%-96%) 
 
77%% (40%-94%) 
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Abbreviations: CAD = coronary artery disease; CI = confidence interval; CMR =cardiac magnetic resonance; CTA = computed 

tomography angiography; ECG = exercise/stress electrocardiogram; ECHO = echocardiogram; SPECT = single proton emission 

computed tomography 

 

Figure 41. Summary of accuracy of NITs for diagnosing CAD in women with no known CAD (all 
studies) 

 
 

Overall, within a given modality, the summary sensitivities and specificities were similar for 

both types of populations (known and no known CAD) and for all studies when compared with 

good-quality studies. When accounting for only the good-quality studies, it appears that the 

diagnostic accuracy of detecting CAD in women was better (in descending order) for coronary 

CTA, SPECT, ECHO, CMR, and ECG. For the newer technologies (i.e., coronary CTA and 

CMR), more studies in women would be needed to support these findings since the 95% CIs 

were quite wide. In testing for a statistically significant difference between the diagnostic 

accuracy of testing modalities in women, our analyses determined that for women with no 

previously known CAD, there were differences between the performance of the available 

modalities (p < 0.001). The sensitivity of ECHO and SPECT was significantly greater than that 

of ECG. Specificity of ECG was less than that of CMR (borderline) and of ECHO. In the subset 

of studies that were good-quality and where there was no known CAD in the included 

population, our analyses again demonstrated differences between performance of tests (p = 

0.006) with the specificity of ECG being less than that of CMR and ECHO.  

To minimize the risk of spectrum bias, our primary analysis focused on women with no 

known CAD. We also explored mixed populations of women with known and no known CAD in 

sensitivity analyses. These analyses did not demonstrate a significant difference in terms of the 

sensitivities and specificities from our primary analysis. We also explored the prevalence of 

CAD across the different NIT modality studies. The mean prevalences and 95%CIs for ECG, 

SPECT, ECHO, CMR, and coronary CTA with the population of women with no previously 

known CAD was 0.41 (0.36 to 0.46), 0.44 (0.34 to 0.55), 0.43 (0.37 to 0.50), 0.26 (0.14 to 0.44), 

and 0.29 (0.13 to 0.54), respectively. We evaluated whether these prevalences were different 

across modalities using a random-effects model and did not find a statistically significant 

difference (p = 0.17).  

We assessed the risk of verification bias by exploring the studies in our analysis that did not 

complete a coronary catheterization in all of the patients who underwent the NIT. In the 

population of women with no previously known CAD, this represented one study of SPECT,
52
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one study of ECHO,79 three studies of ECG,29,52,58 and no studies of CMR or coronary CTA. 
Given the small number of total studies with this potential bias, we felt confident that our 
primary results were minimized for verification bias. We explored the potential for publication 
bias across the different modalities in our four populations of interest (studies of women with no 
known CAD, good-quality studies of women with no known CAD, studies of women from 
mixed populations, and good-quality studies of women from mixed populations). Our analyses 
did not provide evidence for publication bias, with our p values ranging from 0.093 to 0.95. 

Table 20 shows the GRADE for the accuracy of all the NIT modalities in women with no 
known CAD. The number of observational studies, summary sensitivity/specificity results, and 
starting grade are listed for each modality. The change in the GRADE score—based on the risk 
of bias, consistency, directness, precision, and publication bias—is designated as “0” for no 
change and “-1” for a decrease due to inconsistency or imprecision. The overall strength of 
evidence was then determined for each modality. 
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Table 20. GRADE table for accuracy of NIT modalities in women with no known CAD 
NIT and Outcome Quantity 

and Type 
of 

Evidence 

Finding Starting 
Grade 

Decrease GRADE GRADE of 
Evidence 

for 
Outcome 

Overall 
GRADE Risk of 

Bias 
Consistency Directness Precision Publication 

Bias 

CMR 
5 

        
Low Sensitivity 72% High 0 -1 0 -1 0 Low 

Specificity 84% High 0 -1 0 -1 0 Low 
Coronary CTA 

5 
        

Low Sensitivity 93% High 0 -1 0 -1 0 Low 
Specificity 77% High 0 -1 0 -1 0 Low 
ECG 

29 
        

High Sensitivity 62% High 0 0 0 0 0 High 
Specificity 68% High 0 0 0 0 0 High 
ECHO 

14 
        

High Sensitivity 79% High 0 0 0 0 0 High 
Specificity 83% High 0 0 0 0 0 High 
SPECT 

14 
        

High Sensitivity 81% High 0 0 0 0 0 High 
Specificity 78% High 0 0 0 0 0 High 

Abbreviations: CAD = coronary artery disease; CMR =cardiac magnetic resonance; CTA = computed tomography angiography; ECG = exercise/stress electrocardiogram; ECHO 
= echocardiogram; SPECT = single proton emission computed tomography 
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KQ 2: Predictors of Diagnostic Accuracy 
The predictors of diagnostic accuracy of the various NIT modalities in women were seldom 

reported. From 11 studies (4 good quality, 5 fair, and 2 poor), the predictors assessed included 
(1) postmenopausal women ages 55 to 64 (1 study), (2) race/ethnicity (2 studies), (3) heart size 
(4 studies), (4) pretest probability (3 studies), and (5) use of beta blocker medications (1 study). 
Despite widespread acknowledgment that patient variables can affect the accuracy of NITs, we 
identified no studies examining the influence of age alone, functional status, or body size on 
diagnostic accuracy in women. In terms of the NIT modality, we found four studies of stress 
ECHO, six studies of stress ECG, two studies of CMR, and four studies of SPECT that reported 
these predictors. There was significant variability in diagnostic accuracy as well as significant 
heterogeneity in the types of the predictors reported in the NIT literature. From a limited number 
of studies, it appeared that (1) the presence of LVH reduced the specificity of stress ECG, 
SPECT, and ECHO,28 (2) the use of beta blocker agents reduced the specificity of stress ECG 
and the sensitivity and specificity of SPECT,50 and (3) the positive predictive value increased as 
the pretest probability rose for ECG and ECHO.55  

KQ 3: Improving Risk Stratification, Decisionmaking, and Outcomes 
An essential clinical question in the management of women with suspected CAD is whether 

NITs have the ability to provide risk stratification (low, medium, or high risk) and prognostic 
information (good, fair, or poor); inform decisionmaking about treatment options (medical 
therapy or revascularization); and affect clinical outcomes (MI, angina, quality of life, 
hospitalization, and death). From 13 comparative studies (3 good quality, 9 fair, 1 poor), we 
found 8 studies assessing risk stratification and prognostic information, 2 studies assessing 
decisionmaking for treatment options, and 4 studies that provided comparative clinical outcomes. 
Most of these findings came from subpopulations of the WISE study and assessed the prognosis 
and outcomes of women with normal coronary arteries on coronary angiography who underwent 
CMR and exercise/stress ECG. Women with normal coronary arteries by angiography and 
abnormal CMR or exercise ECG were more likely to have future cardiac events when compared 
with women with normal CMR or stress ECG findings.108,109 Therefore, the study authors 
speculated that microvascular coronary disease could be the cause of the abnormal NIT findings 
and an increase in cardiovascular events. One study found that an abnormal SPECT resulted in a 
lower event-free survival rate. One study found that a negative stress ECG and diagnosis of 
noncardiac chest pain translated into lower event rates.52 Another study found that a positive 
stress ECHO had higher prognosis of worse cardiovascular events than a positive stress ECG.22 
However, all these findings would require significant confirmation and replication in larger 
studies with women. Overall, the level of evidence was insufficient to make any conclusions 
about the relative utility of different NITs to provide risk stratification and prognostic 
information, inform decisionmaking, or impact clinical outcomes.  

KQ 4: Safety Concerns 
The safety concerns and risks to women undergoing NIT procedures were underreported in 

the literature. We identified 13 studies (9 good quality, 4 fair) with safety data on the following 
modalities: (1) stress ECG (4 studies), (2) ECHO (6 studies), (3) SPECT (3 studies), (4) CMR (2 
studies), and (5) coronary CTA (5 studies). One study35 showed a significantly lower rate of SVT 
in women undergoing dobutamine ECHO. A study of adenosine thallium SPECT showed higher 



116 

rates of ST depression in women.89 Four studies showed higher mean effective radiation dose or 
higher lifetime attributable risk of cancer incidence in women compared with men.103,105,113,114 
However, recent advancements in technology and revised testing protocols have reduced the 
radiation exposure for coronary CTA. Radiation safety issues were not discussed in other NIT 
modalities that employ radiation exposure (i.e., SPECT, PET, MIBI scans). The remaining 
studies did not show any significant adverse events in women compared with men. However, we 
did not find data specific to women on access site complications, contrast-agent induced 
nephropathy, nephrogenic systemic fibrosis, or anaphylaxis.  

Discussion 
In summary, the findings of this comparative effectiveness review provide evidence for the 

accuracy of exercise/stress ECG, ECHO, SPECT, CMR, and coronary CTA used for diagnosing 
CAD in women. The diagnostic accuracy appears to be consistent over time except for the 
sensitivity of CMR, which appears to be increasing over time (although the large confidence 
intervals reflect the underlying uncertainty in this measure). We are confident that the summary 
statistics for ECG, ECHO, and SPECT are robust and unlikely to change with the addition of 
new studies based on both the number of good-quality studies comparing these modalities with 
coronary angiography and the tight confidence intervals. More good-quality studies comparing 
CMR or coronary CTA with coronary angiography in the no-known CAD population and 
reporting sex-based results are needed to strengthen the summary statistics for those modalities. 
Of note, this report focused on clinical comparative effectiveness, and so the cost of the various 
diagnostic strategies was not evaluated. 

Decisions around performing tests (either noninvasive or invasive) in patients with symptoms 
suspicious for CAD revolve around first understanding the pretest probability and testing/action 
thresholds for patients from the AHA/ACC stable angina guidelines and appropriate use criteria 
for the various NIT modalities.116-119 Pretest probability is classically defined by age, sex, and 
type of chest pain (e.g., Diamond-Forrester or CASS study), or the Duke database criteria, which 
adds risk factors/comorbidities.120 Specifically, clinicians faced with patients who have a 
guideline-defined low-to-intermediate pretest probability of CAD may decide to obtain a 
noninvasive test, ideally with a high negative predictive value in this population and low risk of 
adverse events, in order to “rule out” disease. These may be patients with atypical chest pain 
(e.g., reflux or musculoskeletal disease) who are concerned about a heart problem and who 
require reassurance that their symptoms are not cardiac in origin. In contrast, in patients with 
high pretest probability of CAD (greater than 90 percent chance), a test with very high positive 
predictive value in this population and potentially more risk may be chosen since the disease of 
interest is thought to be present; in these cases, invasive angiography—the gold standard—is 
recommended by the current clinical practice guidelines. Finally, it is the spectrum of 
intermediate probability between 10 and 90 percent for which the clinicians must choose 
noninvasive tests that provide the right balance of sensitivity, specificity, and clinical risk to 
warrant testing. The choice of NIT may differ by clinician preference, availability, or setting 
(outpatient versus chest pain unit of an emergency department).  

It is in this context that the findings of this report on the effectiveness of NITs in women 
must be considered. First, women are thought to be at lower pretest probability of CAD when 
evaluated in comparison with men of the same age. When comorbidities or risk factors are taken 
into account, the pretest likelihood increases with a higher number of comorbidities. Second, 
women susceptible to some of the adverse effects of testing may have poor test performance or 
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have higher rates of complication from invasive arterial access. Third, because of body shape and 
limited functional capacity, women may not obtain the same test performance that men do from 
noninvasive testing. Finally, because of the lack of full representation of women across the 
spectrum of disease, the available literature may not provide data on performance at the ends of 
the probability spectrum. Spectrum bias may be present since the studies we evaluated had 
potentially varied populations and varied disease definitions. However, this review has made a 
step forward in reducing the risk of spectrum bias for women by focusing on the no-known CAD 
subpopulation. By requiring coronary angiography as the gold standard, the pretest probability 
may be higher in the study population than in a routine clinical population that has a mixture of 
low-, intermediate-, and high-risk populations.  

While readers may assume that requiring coronary angiography as the comparator would bias 
this report toward a higher risk CAD population, we found that the mean CAD prevalence 
ranged from 0.26 to 0.44; thus there was a broad spectrum of CAD prevalence in these studies. 
In fact, the range of CAD prevalence in this review is similar to a recent analysis of a large 
administrative database of patients referred for coronary angiography in which the prevalence of 
significant obstructive disease was 38 to 40 percent.121 The patient population that does not 
require coronary angiography can be characterized as having symptoms with low suspicion for 
CAD or pretest probability of less than 10 percent (note that all included studies enrolled patients 
with “suspected CAD”). Thus, results from this review would not apply to patients with low 
pretest probability of disease (e.g., gastroesophageal reflux, musculoskeletal pain, or panic 
attacks) where an NIT may be performed for clinical reassurance that their symptoms are 
noncardiac in origin. 

In general, because there are few patients with high pretest probability, most clinicians would 
prefer to have patients undergo one NIT prior to determining a treatment choice or referral to 
coronary angiography. Circumstances where patients may require more than one NIT include the 
detection of lesions suspicious for obstructive CAD on coronary CTA with a need to assess for 
ischemia from stress ECHO or SPECT prior to revascularization. Our review did not identify 
studies that discussed the order in which different NITs were used for evaluating CAD. In fact, 
multiple testing or layered-testing strategies are areas where significant research is needed. 

The current data suggest that NITs with higher sensitivity include coronary CTA and SPECT, 
and stress ECHO may represent an NIT with higher specificity. Stress CMR shows emerging 
data that may be in the upper range for both sensitivity and specificity. Additionally, the findings 
also demonstrate that NIT performance in women is not as good as in men, likely due to the 
reasons addressed above. The accuracy may also be location or operator dependent, and thus the 
results of published studies conducted at highly specialized centers may not uniformly apply to 
those seen in routine practice. Choice of NIT—and whether to use exercise or pharmacological 
stress imaging—may be influenced by functional capacity, which tends to be lower in women 
compared with men. Of note, the accuracy data for NIT modalities in men appeared a little 
higher than expected, which is likely because the published literature combined the accuracy data 
for men and women. Taken in context, these findings support the current ACC/AHA 
recommendations and studies on noninvasive testing in women. 

Women are more likely than men to have false positive stress tests; i.e., abnormal stress 
imaging with nonobstructive CAD on coronary angiography. In fact, up to 9 percent of women 
presenting with acute coronary syndrome will not have obstructive CAD when they undergo 
coronary angiography for potential PCI.122 Some experts suggest that these phenomena are due 
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to the presence of microvascular obstruction, the incidence of which is hard to determine since 
there is no clear diagnostic test used to establish the diagnosis. 

Currently, there is debate on whether NITs that measure heart function abnormalities (ECG 
abnormalities, wall motion abnormality, ischemia), including exercise ECG, stress ECHO, and 
cardiac nuclear imaging, are equivalent or inferior to NITs that measure anatomic abnormalities 
(detection of CAD) by CMR or coronary CTA. Will knowing the coronary anatomy 
(nonobstructive or obstructive) in symptomatic patients lead to better implementation of 
secondary measures—control of blood pressure, diabetes, and hyperlipidemia—to reduce future 
cardiac events? Or is it more important to intervene with medications and/or revascularization 
when ischemia is present? Though this review does not answer these important questions, we 
describe this evidence gap in the Future Research section. 

Limitations of This Review 
Despite identifying 104 studies (110 articles) that met the inclusion criteria, this systematic 

review has several limitations. First, our search focused on comparator studies of the various 
NITs with a gold standard of coronary angiography for establishing the diagnosis of CAD in 
symptomatic patients. While this focus was adequate for identifying studies to assess the 
diagnostic accuracy of the NIT modalities in women, we found very few comparative studies 
that reported the influence of clinical characteristics or patient demographics on diagnostic 
accuracy. Few comparative studies (NIT versus coronary angiography, or NIT versus NIT) 
provided information on incremental risk stratification, prognostic information, or meaningful 
information regarding decisionmaking, and few reported the significant risks in women. Study 
results on these issues were reported for the total patient population and did not separate the 
effects by sex. Many of the included studies were single-sex (women) studies and limited our 
ability to fully evaluate sex differences. Also, by focusing on symptomatic patients, this report 
did not review the use of coronary artery calcium scoring for asymptomatic, high-risk 
populations. 

We are aware that there are several noncomparator studies of each of the NIT modalities that 
address these issues in women since routine clinical care does not require two NIT modalities or 
an NIT modality plus coronary angiography for the diagnostic workup of suspected CAD. Given 
the focus on comparative effectiveness, we did not include these noncomparator studies in our 
review. By focusing the review on comparative studies, however, we are reducing the bias that is 
inherent in noncomparative studies. Noncomparative studies have selection, spectrum, and 
intervention biases for the following reasons: the choice of NIT is determined by the treating 
provider; a subset of patients with indeterminate or positive results are referred for further NIT 
testing or coronary angiography; and the clinical outcomes may be influenced by the medical 
treatments or revascularization options that are offered. Second, the sample size and low 
representation of women in most of the comparator studies may affect the authors’ ability to 
analyze the results by sex, therefore reducing the number of studies reporting these findings 
separately. Third, most studies lacked long-term followup of the patient population, which 
affected our ability to find studies that reported prognostic information on how the different NITs 
influenced clinical outcomes. Finally, our summary of the harms and risks of NITs is limited by 
the lack of disclosure of periprocedural and postprocedural complications in most of the studies. 
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Conclusions 
This systematic review has provided evidence for the summary sensitivities and specificities 

of exercise/stress ECG, ECHO, SPECT, CMR, and coronary CTA compared with coronary 
angiography in women. There was limited or insufficient evidence on the influence of clinical 
and demographic factors on comparative diagnostic accuracy, risk stratification, prognostic 
information, treatment decisions, clinical outcomes, and harms from different NITs specifically 
in women. Modifying the search criteria to include noncomparator studies of NIT modalities 
may increase the number of studies that address this limitation. Table 21 summarizes the strength 
of supporting evidence for each KQ. 
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Table 21. Summary of key findings 
Key Question Strength of 

Evidence 
Conclusions 

KQ 1: Diagnostic accuracy of NITs 
in women 

ECG: High 
ECHO: High 
SPECT: High 
CMR: Low 
Coronary CTA: Low 
 

94 studies described the diagnostic accuracy of NITs in comparison to another NIT or coronary 
angiography in women. Of these 94 studies, 78 studies included sufficient data to estimate the 
sensitivity and specificity of the NIT compared with coronary angiography. 
Summary from all studies with no known CAD: 
41 studies (13 good quality, 22 fair, 6 poor) of exercise ECG showed a summary sensitivity of 
62% and specificity of 68%  
22 studies (8 good quality, 13 fair, 1 poor) of exercise/stress ECHO showed a summary 
sensitivity of 79% and specificity of 83% 
30 studies (10 good quality, 15 fair, 5 poor) of exercise/stress radionuclide perfusion imaging 
(SPECT, PET) showed a summary sensitivity of 81% and specificity of 78% 
6 studies (5 good quality, 1 fair) of CMR imaging showed a summary sensitivity of 72% and 
specificity of 84% 
8 studies (4 good quality, 4 fair) of coronary CTA showed a summary sensitivity of 93% and 
specificity 77% 
Overall, within a given modality, the summary sensitivities and specificities were similar for both 
types of populations (mixed populations of known and unknown CAD and no known CAD) and 
for all studies when compared with good-quality studies. When accounting for only the good-
quality studies, it appeared that the diagnostic accuracy of detecting CAD in women with 
unknown CAD was better (in descending order) for coronary CTA, SPECT, ECHO, CMR, and 
ECG. For the newer technologies (i.e., coronary CTA and CMR), more studies in women would 
be needed to support these findings since the 95% CIs were quite wide.  
In testing for a statistically significant difference between the diagnostic accuracy of testing 
modalities in women, our analyses determined that for women with no previously known CAD, 
there were differences between the performance of the available modalities (p < 0.001). The 
sensitivity of ECHO and SPECT was significantly higher than that of ECG. Specificity of ECG 
was less than that of CMR (borderline) and of ECHO. In the subset of studies that were good-
quality and where there was no known CAD in the included population, our analyses again 
demonstrated differences between performance of tests (p = 0.006) with the specificity of ECG 
being less than that of CMR and ECHO. 
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Table 21. Summary of key findings (continued) 
Key Question Strength of 

Evidence 
Conclusions 

(KQ 1 continued)  Sensitivity analyses exploring mixed populations of women with known and no known CAD 
showed no statistically significant difference in the sensitivities and specificities from our primary 
analysis. An analysis exploring the prevalence of CAD across the different NIT modality studies 
also showed no statistically significant difference. In addition, there were very few studies (1 
SPECT, 1 ECHO, and 3 ECG) that did not complete a coronary angiography in all patients who 
underwent the NIT; therefore the results are minimized for verification bias. Finally we found no 
evidence of publication bias across the different modalities in our 4 populations of interest 
(studies of women with no known CAD, good-quality studies of women with no known CAD, 
studies of women from mixed populations, and good-quality studies of women from mixed 
populations). 

KQ 2: Predictors of diagnostic 
accuracy in women 
 

Insufficient 11 studies (4 good quality, 5 fair, 2 poor) described diagnostic accuracy, and 9 of these 
examined predictors of diagnostic accuracy of different NITs in women. 
Summary: 
The predictors assessed included (1) postmenopausal women ages 55 to 64 (1 study), (2) 
race/ethnicity (2 studies), (3) heart size (4 studies), (4) pretest probability (3 studies), and (5) 
use of beta blocker medications (1 study). 
We identified no studies examining the influence of age alone, functional status, or body size on 
diagnostic accuracy in women.  
In terms of the NIT modality, we found four studies of stress ECHO, six studies of stress ECG, 
two studies of CMR, and four studies of SPECT that reported these predictors.  
Insufficient evidence was available to draw definitive conclusions about predictors given the 
small number of studies for each predictor and for each modality, as well as the combination of 
predictor by modality. 

KQ 3: Improving risk 
stratification, decisionmaking, 
and outcomes in women 

Insufficient 13 studies (3 good quality, 9 fair, 1 poor) reported prognostic, outcome, or decisionmaking data 
comparing one NIT with another NIT or with coronary angiography in women with symptoms 
suspicious for CAD. 
Summary: 
We found 8 studies assessing risk stratification and prognostic information, 2 studies assessing 
decisionmaking for treatment options, and 4 studies that provided comparative clinical 
outcomes. 
There were insufficient data to demonstrate that the use of specific NITs (compared with 
coronary angiography) routinely provided incremental risk stratification, prognostic information, 
or other meaningful information to improve decisionmaking and improve patient outcomes. 
Most findings reported in the literature would require significant confirmation and replication in 
larger studies with women. 
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Table 21. Summary of key findings (continued) 
Key Question Strength of 

Evidence 
Conclusions 

KQ 4: Safety concerns 
 

Insufficient 13 studies (9 good quality, 4 fair) reported data pertinent to safety concerns or risks associated 
with the use of NITs to diagnose CAD in women with symptoms suspicious for CAD. 
Summary: 
Safety data were reported on the following modalities: (1) stress ECG (4 studies), (2) ECHO (6 
studies), (3) SPECT (3 studies), (4) CMR (2 studies), and (5) coronary CTA (4 studies). 
Data specific to women on access site complications, contrast agent-induced nephropathy, 
nephrogenic systemic fibrosis, or anaphylaxis associated with NITs were not reported in any of 
the studies included in this report. 
Other than higher mean effective radiation doses for coronary CTA studies for women compared 
with men (from 3 out of 4 studies reporting radiation exposure levels), the extant literature does 
not provide sufficient evidence to conclude whether safety concerns, risks, or radiation exposure 
associated with different NITs to diagnose CAD in patients with suspected CAD differ 
significantly between women and men. 
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Future Research 
 
This comprehensive review of the comparative effectiveness of NIT modalities for 

diagnosing women with suspected CAD identified numerous gaps in evidence that would be 
suitable for future research and for improving the reporting of findings of NIT studies in the 
published literature.  

Randomized trials comparing functional versus anatomic modalities. Almost all the 
studies reviewed were prospective observational studies where patients already scheduled for 
coronary angiography also underwent one or two NIT modalities to assess the diagnostic 
accuracy of the NITs. In routine clinical practice, clinicians order one type of NIT modality 
based on a patient’s ability to exercise, test availability, and clinician preference. Exercise ECG, 
stress ECHO, and nuclear imaging all measure functional parameters to assess for ischemia and 
obstructive CAD. Newer technologies such as coronary CTA and CMR offer clinicians the 
ability to evaluate anatomic parameters to assess both nonobstructive and obstructive CAD. A 
comparison of a functional testing strategy to an anatomic testing strategy for patients with 
symptomatic chest pain is currently being done in two large clinical trials (PROMISE 
[NCT001174550] and RESCUE [NCT01262625]). The information from these clinical trials 
could inform how the choice of an NIT modality affects the prognosis, treatment decisions, and 
clinical outcomes.  

Studies assessing outcomes beyond diagnostic accuracy. Our review found very few 
comparative NIT studies that looked at the risk stratification, prognostic information, treatment 
decisions, and clinical outcomes. Future studies, whether observational or controlled clinical 
trials, should have long-term followup of patient cohorts to assess these factors. This is important 
because a positive NIT result could lead to further testing to establish the diagnosis of CAD as 
well as lead to more attention to secondary prevention for CAD. As stated previously, multiple 
testing or layered-testing strategies, plus the influence on risk-factor modification (e.g., 
medication prescriptions and adherence), are areas where significant research is needed. 

Studies of sufficient sample size and representation of women. Many studies assessing the 
comparative diagnostic accuracy of an NIT modality with another NIT modality or with 
coronary angiography did not present a sample size calculation for the numbers needed per 
group. In addition, after excluding the women-only studies, the trials with both sexes had low 
representation of women. In order to assess sex differences in NIT diagnostic accuracy or the 
impact on clinical outcomes, a sufficient sample size is required to have adequate statistical 
power for subgroup analyses. 

Reporting sex and CAD population subgroups separately. From 1662 citations, we 
excluded 1376 (83 percent) for not reporting data on women and 615 (37 percent) for looking 
only at a population with known CAD. Since publication of the AHRQ report on the use of NITs 
in women,10,11 there has been an increase in the number of studies reporting sex-based 
differences. We encourage more reporting of women results as well as separating the results 
from no known CAD and known CAD populations. One challenge we encountered in this review 
was that the primary data representing the numbers of TP, TN, FP, and FN were not presented in 
most studies and often needed to be back-calculated based on reported sensitivities and 
specificities and underlying disease prevalence for our quantitative synthesis. It would aid future 
comparisons of modalities if study authors were to report the primary data for women and men 
separately either within the article itself or within an online supplementary appendix.  
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Assessing clinical and demographic factors that influence diagnostic accuracy. 
Clinicians are taught that clinical factors such as weight, heart size, functional status, 
race/ethnicity, sex, age, and menopausal status can influence the diagnostic accuracy of various 
NIT modalities. However, we found very few comparative studies that looked at the impact of 
these clinical and demographic factors on the sensitivity and specificity of NIT results. More 
evidence about predictors affecting diagnostic cardiac testing is needed to support or dispel these 
long-held notions. Additional studies of the NIT modalities to assess differing symptomatology 
and timing at presentation, racial differences, various risk profiles, and different settings 
(outpatient, inpatient, emergency room) would be help to build the evidence base needed for 
clinical decisionmaking. 

Reporting of risk, harms, and/or safety outcomes. Diagnostic procedures to screen for 
heart disease can result in harmful clinical events (nephropathy, radiation exposure, access site 
complications). Systematic reporting of adverse events in publications—in total and by sex—
should continue to clarify which NIT modalities are safe after they are approved for use in 
clinical practice. 
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Abbreviations 
 

ACC American College of Cardiology 
AHA American Heart Association 
AV atrioventricular 
CABG coronary artery bypass grafting 
CAD coronary artery disease 
CMR cardiac magnetic resonance imaging 
CT computed tomography 
CTA coronary computed tomography angiography 
ECHO echocardiography/echocardiogram 
ECG electrocardiography/electrocardiogram 
KQ Key Question 
LBBB left bundle branch block 
LV left ventricle 
LVH left ventricular hypertrophy 
MI myocardial infarction 
MIBI methoxyisobutyl 
MPS myocardial perfusion scintigraphy 
NA not applicable 
NIT noninvasive technology 
NR not reported 
PET positron emission tomography 
PVC premature ventricular contractions 
SPECT single proton emission computed tomography 
SVT supraventricular tachycardia 
VT ventricular tachycardia 
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Appendix A. Exact Search Strings 
 
 
PubMed® search strategy (September 12, 2011): 
--------------------------------------------------------------------------------------------------------------------- 
  
((((/diagnosis OR diagnos* OR predict* OR predictive value of tests OR sensitivity OR 
specificity) OR (sensitiv*[Title/Abstract] OR sensitivity and specificity[MeSH Terms] OR 
diagnos*[Title/Abstract] OR diagnosis[MeSH:noexp] OR diagnostic *[MeSH:noexp] OR 
diagnosis, differential[MeSH:noexp] OR diagnosis[Subheading:noexp])) AND ((women OR 
woman OR female OR females OR sex factors) AND ((((CAD[tiab]) OR (coronary artery 
disease[mesh] OR "coronary artery disease"[tiab] OR coronary disease[mesh] OR "coronary 
disease"[tiab] OR "coronary heart disease"[tiab])) OR (Chest pain OR dyspnea OR shortness of 
breath OR angina)) AND (((echocardiography OR echo OR cardiogram) AND 
((electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR multifunction 
cardiogram OR exercise test OR treadmill) OR (single photon emission computed tomography 
OR SPECT OR positron emission tomography OR "PET" OR myocardial perfusion imaging OR 
"nuclear scan" OR radionuclide imaging) OR (((cardio* OR heart OR coronary OR cardiac) 
AND "Tomography, X-Ray Computed"[Mesh]) OR ("CT angiography" OR CTA OR "Cardiac 
Computed Tomography" OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR "cardiac CT" OR "Cardiovascular CT")) OR ((cardiac OR heart OR 
coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance 
angiography OR MRA)) OR (cardiac catheterization OR angiography OR invasive coronary 
angiography OR heart catheterization OR coronary angiography OR "X-ray angiography" OR 
"Xray angiography"))) OR ((electrocardiography OR ECG OR EKG OR electrocardio* OR 
MCG OR multifunction cardiogram OR exercise test OR treadmill) AND ((echocardiography 
OR echo OR cardiogram) OR (single photon emission computed tomography OR SPECT OR 
positron emission tomography OR "PET" OR myocardial perfusion imaging OR "nuclear scan" 
OR radionuclide imaging) OR (((cardio* OR heart OR coronary OR cardiac) AND 
"Tomography, X-Ray Computed"[Mesh]) OR ("CT angiography" OR CTA OR "Cardiac 
Computed Tomography" OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR "cardiac CT" OR "Cardiovascular CT")) OR ((cardiac OR heart OR 
coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance 
angiography OR MRA)) OR (cardiac catheterization OR angiography OR invasive coronary 
angiography OR heart catheterization OR coronary angiography OR "X-ray angiography" OR 
"Xray angiography"))) OR ((single photon emission computed tomography OR SPECT OR 
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positron emission tomography OR "PET" OR myocardial perfusion imaging OR "nuclear scan" 
OR radionuclide imaging) AND ((echocardiography OR echo OR cardiogram) OR 
(electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR multifunction 
cardiogram OR exercise test OR treadmill) OR (((cardio* OR heart OR coronary OR cardiac) 
AND "Tomography, X-Ray Computed"[Mesh]) OR ("CT angiography" OR CTA OR "Cardiac 
Computed Tomography" OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR "cardiac CT" OR "Cardiovascular CT")) OR ((cardiac OR heart OR 
coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance 
angiography OR MRA)) OR (cardiac catheterization OR angiography OR invasive coronary 
angiography OR heart catheterization OR coronary angiography OR "X-ray angiography" OR 
"Xray angiography"))) OR ((((cardio* OR heart OR coronary OR cardiac) AND "Tomography, 
X-Ray Computed"[Mesh]) OR ("CT angiography" OR CTA OR "Cardiac Computed 
Tomography" OR MSCT OR Multislice computed tomography OR Multi-slice computed 
tomography OR MDCT OR multidetector computed tomography OR multi-detector computed 
tomography OR "cardiac CT" OR "Cardiovascular CT")) AND ((echocardiography OR echo OR 
cardiogram) OR (electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR 
multifunction cardiogram OR exercise test OR treadmill) OR (single photon emission computed 
tomography OR SPECT OR positron emission tomography OR "PET" OR myocardial perfusion 
imaging OR "nuclear scan" OR radionuclide imaging) OR ((cardiac OR heart OR coronary OR 
cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance angiography OR 
MRA)) OR (cardiac catheterization OR angiography OR invasive coronary angiography OR 
heart catheterization OR coronary angiography OR "X-ray angiography" OR "Xray 
angiography"))) OR (((cardiac OR heart OR coronary OR cardio*) AND (magnetic resonance 
imaging OR MRI OR Magnetic resonance angiography OR MRA)) AND ((echocardiography 
OR echo OR cardiogram) OR (electrocardiography OR ECG OR EKG OR electrocardio* OR 
MCG OR multifunction cardiogram OR exercise test OR treadmill) OR (single photon emission 
computed tomography OR SPECT OR positron emission tomography OR "PET" OR myocardial 
perfusion imaging OR "nuclear scan" OR radionuclide imaging) OR (((cardio* OR heart OR 
coronary OR cardiac) AND "Tomography, X-Ray Computed"[Mesh]) OR ("CT angiography" 
OR CTA OR "Cardiac Computed Tomography" OR MSCT OR Multislice computed 
tomography OR Multi-slice computed tomography OR MDCT OR multidetector computed 
tomography OR multi-detector computed tomography OR "cardiac CT" OR "Cardiovascular 
CT")) OR (cardiac catheterization OR angiography OR invasive coronary angiography OR heart 
catheterization OR coronary angiography OR "X-ray angiography" OR "Xray angiography"))) 
OR ((cardiac catheterization OR angiography OR invasive coronary angiography OR heart 
catheterization OR coronary angiography OR "X-ray angiography" OR "Xray angiography") 
AND ((echocardiography OR echo OR cardiogram) OR (electrocardiography OR ECG OR EKG 
OR electrocardio* OR MCG OR multifunction cardiogram OR exercise test OR treadmill) OR 
(single photon emission computed tomography OR SPECT OR positron emission tomography 
OR "PET" OR myocardial perfusion imaging OR "nuclear scan" OR radionuclide imaging) OR 
(((cardio* OR heart OR coronary OR cardiac) AND "Tomography, X-Ray Computed"[Mesh]) 
OR ("CT angiography" OR CTA OR "Cardiac Computed Tomography" OR MSCT OR 
Multislice computed tomography OR Multi-slice computed tomography OR MDCT OR 
multidetector computed tomography OR multi-detector computed tomography OR "cardiac CT" 
OR "Cardiovascular CT")) OR ((cardiac OR heart OR coronary OR cardio*) AND (magnetic 
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resonance imaging OR MRI OR Magnetic resonance angiography OR MRA)))))))) NOT 
(Editorial[ptyp] OR Letter[ptyp] OR Case Reports[ptyp])) NOT (Animals[Mesh:noexp]) 
 
Limits:  
Publication Date: 2000 – present 
Language: English 
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Embase® search strategy (September 12, 2011): 
--------------------------------------------------------------------------------------------------------------------- 
 
'echocardiography'/exp OR echo OR echocardiogram AND ('electrocardiography'/exp OR 
'electrocardiogram'/exp OR electrocardiography OR ecg OR ekg OR electrocardio* OR mcg OR 
'multifunction cardiogram' OR ('cardiopulmonary exercise test'/exp AND 'exercise test'/exp OR 
exercise AND test) OR treadmill) OR ('echocardiography'/exp OR echo OR echocardiogram 
AND ('single photon emission computer tomography'/exp OR 'computer assisted emission 
tomography'/exp OR 'myocardial perfusion imaging'/exp OR 'single photon emission computed 
tomography' OR spect OR 'positron emission tomography' OR pet OR 'myocardial perfusion 
imaging' OR 'nuclear scan' OR 'radionuclide imaging' OR 'heart scintiscanning'/exp)) OR 
('echocardiography'/exp OR echo OR echocardiogram AND (cardio* OR heart OR coronary OR 
cardiac) AND ('computer assisted tomography'/exp OR 'computed tomographic angiography'/exp 
OR 'multidetector computed tomography'/exp OR 'ct angiography' OR cta OR 'cardiac computed 
tomography' OR 'msct' OR 'multislice computed tomography' OR 'multi-slice computed 
tomography' OR mdct OR 'multidetector computed tomography' OR 'multi-detector computed 
tomography' OR 'cardiac ct' OR 'cardiovascular ct')) OR ('echocardiography'/exp OR echo OR 
echocardiogram AND (cardio* OR heart OR coronary OR cardiac) AND ('nuclear magnetic 
resonance imaging'/exp OR 'magnetic resonance angiography'/exp OR 'magnetic resonance 
imaging' OR mri OR 'magnetic resonance angiography' OR mra)) OR ('electrocardiography'/exp 
OR 'electrocardiogram'/exp OR electrocardiography OR ecg OR ekg OR electrocardio* OR mcg 
OR 'multifunction cardiogram' OR ('cardiopulmonary exercise test'/exp AND 'exercise test'/exp 
OR exercise AND test) OR treadmill AND ('single photon emission computer tomography'/exp 
OR 'computer assisted emission tomography'/exp OR 'myocardial perfusion imaging'/exp OR 
'single photon emission computed tomography' OR spect OR 'positron emission tomography' OR 
pet OR 'myocardial perfusion imaging' OR 'nuclear scan' OR 'radionuclide imaging' OR 'heart 
scintiscanning'/exp)) OR ('electrocardiography'/exp OR 'electrocardiogram'/exp OR 
electrocardiography OR ecg OR ekg OR electrocardio* OR mcg OR 'multifunction cardiogram' 
OR ('cardiopulmonary exercise test'/exp AND 'exercise test'/exp OR exercise AND test) OR 
treadmill AND (cardio* OR heart OR coronary OR cardiac) AND ('computer assisted 
tomography'/exp OR 'computed tomographic angiography'/exp OR 'multidetector computed 
tomography'/exp OR 'ct angiography' OR cta OR 'cardiac computed tomography' OR 'msct' OR 
'multislice computed tomography' OR 'multi-slice computed tomography' OR mdct OR 
'multidetector computed tomography' OR 'multi-detector computed tomography' OR 'cardiac ct' 
OR 'cardiovascular ct')) OR ('electrocardiography'/exp OR 'electrocardiogram'/exp OR 
electrocardiography OR ecg OR ekg OR electrocardio* OR mcg OR 'multifunction cardiogram' 
OR ('cardiopulmonary exercise test'/exp AND 'exercise test'/exp OR exercise AND test) OR 
treadmill AND (cardio* OR heart OR coronary OR cardiac) AND ('nuclear magnetic resonance 
imaging'/exp OR 'magnetic resonance angiography'/exp OR 'magnetic resonance imaging' OR 
mri OR 'magnetic resonance angiography' OR mra)) OR ('single photon emission computer 
tomography'/exp OR 'computer assisted emission tomography'/exp OR 'myocardial perfusion 
imaging'/exp OR 'single photon emission computed tomography' OR spect OR 'positron 
emission tomography' OR pet OR 'myocardial perfusion imaging' OR 'nuclear scan' OR 
'radionuclide imaging' OR 'heart scintiscanning'/exp AND (cardio* OR heart OR coronary OR 
cardiac) AND ('computer assisted tomography'/exp OR 'computed tomographic angiography'/exp 
OR 'multidetector computed tomography'/exp OR 'ct angiography' OR cta OR 'cardiac computed 
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tomography' OR 'msct' OR 'multislice computed tomography' OR 'multi-slice computed 
tomography' OR mdct OR 'multidetector computed tomography' OR 'multi-detector computed 
tomography' OR 'cardiac ct' OR 'cardiovascular ct')) OR ('computer assisted tomography'/exp 
OR 'computed tomographic angiography'/exp OR 'multidetector computed tomography'/exp OR 
'ct angiography' OR cta OR 'cardiac computed tomography' OR 'msct' OR 'multislice computed 
tomography' OR 'multi-slice computed tomography' OR mdct OR 'multidetector computed 
tomography' OR 'multi-detector computed tomography' OR 'cardiac ct' OR 'cardiovascular ct' 
AND (cardio* OR heart OR coronary OR cardiac) AND ('nuclear magnetic resonance 
imaging'/exp OR 'magnetic resonance angiography'/exp OR 'magnetic resonance imaging' OR 
mri OR 'magnetic resonance angiography' OR mra)) OR ('single photon emission computer 
tomography'/exp OR 'computer assisted emission tomography'/exp OR 'myocardial perfusion 
imaging'/exp OR 'single photon emission computed tomography' OR spect OR 'positron 
emission tomography' OR pet OR 'myocardial perfusion imaging' OR 'nuclear scan' OR 
'radionuclide imaging' OR 'heart scintiscanning'/exp AND (cardio* OR heart OR coronary OR 
cardiac) AND ('nuclear magnetic resonance imaging'/exp OR 'magnetic resonance 
angiography'/exp OR 'magnetic resonance imaging' OR mri OR 'magnetic resonance 
angiography' OR mra)) OR (cardio* OR heart OR coronary OR cardiac AND ('nuclear magnetic 
resonance imaging'/exp OR 'magnetic resonance angiography'/exp OR 'magnetic resonance 
imaging' OR mri OR 'magnetic resonance angiography' OR mra) AND ('heart 
catheterization'/exp OR 'cardiac catheterization' OR angiography OR 'invasive coronary 
angiography' OR 'heart catheterization' OR 'coronary angiography' OR 'x-ray angiography' OR 
'xray angiography')) OR ('heart catheterization'/exp OR 'cardiac catheterization' OR angiography 
OR 'invasive coronary angiography' OR 'heart catheterization' OR 'coronary angiography' OR 'x-
ray angiography' OR 'xray angiography' AND ('echocardiography'/exp OR echo OR 
echocardiogram)) OR ('heart catheterization'/exp OR 'cardiac catheterization' OR angiography 
OR 'invasive coronary angiography' OR 'heart catheterization' OR 'coronary angiography' OR 'x-
ray angiography' OR 'xray angiography' AND ('electrocardiography'/exp OR 
'electrocardiogram'/exp OR electrocardiography OR ecg OR ekg OR electrocardio* OR mcg OR 
'multifunction cardiogram' OR ('cardiopulmonary exercise test'/exp AND 'exercise test'/exp OR 
exercise AND test) OR treadmill)) OR ('single photon emission computer tomography'/exp OR 
'computer assisted emission tomography'/exp OR 'myocardial perfusion imaging'/exp OR 'single 
photon emission computed tomography' OR spect OR 'positron emission tomography' OR pet 
OR 'myocardial perfusion imaging' OR 'nuclear scan' OR 'radionuclide imaging' OR 'heart 
scintiscanning'/exp AND ('heart catheterization'/exp OR 'cardiac catheterization' OR angiography 
OR 'invasive coronary angiography' OR 'heart catheterization' OR 'coronary angiography' OR 'x-
ray angiography' OR 'xray angiography')) OR (cardio* OR heart OR coronary OR cardiac AND 
('computer assisted tomography'/exp OR 'computed tomographic angiography'/exp OR 
'multidetector computed tomography'/exp OR 'ct angiography' OR cta OR 'cardiac computed 
tomography' OR 'msct' OR 'multislice computed tomography' OR 'multi-slice computed 
tomography' OR mdct OR 'multidetector computed tomography' OR 'multi-detector computed 
tomography' OR 'cardiac ct' OR 'cardiovascular ct') AND ('heart catheterization'/exp OR 'cardiac 
catheterization' OR angiography OR 'invasive coronary angiography' OR 'heart catheterization' 
OR 'coronary angiography' OR 'x-ray angiography' OR 'xray angiography')) AND ('thorax 
pain'/exp OR 'dyspnea'/exp OR 'angina pectoris'/exp OR 'chest pain' OR 'shortness of breath' OR 
angina OR dsypnea OR 'coronary artery disease'/exp OR 'ischemic heart disease'/exp OR cad OR 
'coronary artery disease' OR 'coronary disease' OR 'coronary heart disease') AND ('female'/exp 
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OR female OR women OR woman OR females OR 'sex difference'/exp) AND (predict OR 
specificity OR diagnosis:lnk) AND [embase]/lim NOT [medline]/lim AND [humans]/lim AND 
[english]/lim AND [2000-2011]/py NOT ('case report'/exp OR 'editorial'/exp OR 'letter'/exp OR 
'note'/exp) 
  
Cochrane search strategy (September 12, 2011): 
--------------------------------------------------------------------------------------------------------------------- 
[Cochrane Central Registry of Controlled Trials and Cochrane Database of Systematic Reviews] 
 
Chest pain OR dyspnea OR shortness of breath OR angina OR CAD OR coronary artery disease 
OR coronary disease OR coronary heart disease 
 
AND 
 
((echocardiography OR echo OR cardiogram) AND ((electrocardiography OR ECG OR EKG 
OR electrocardio* OR MCG OR multifunction cardiogram OR exercise test OR treadmill) OR 
(single photon emission computed tomography OR SPECT OR positron emission tomography 
OR PET OR myocardial perfusion imaging OR nuclear scan OR radionuclide imaging) OR 
(((cardio* OR heart OR coronary OR cardiac) AND X-Ray computed Tomography) OR (CT 
angiography OR CTA OR Cardiac Computed Tomography OR MSCT OR Multislice computed 
tomography OR Multi-slice computed tomography OR MDCT OR multidetector computed 
tomography OR multi-detector computed tomography OR cardiac CT OR Cardiovascular CT)) 
OR ((cardiac OR heart OR coronary OR cardio*) AND (magnetic resonance imaging OR MRI 
OR Magnetic resonance angiography OR MRA)) OR (cardiac catheterization OR angiography 
OR invasive coronary angiography OR heart catheterization OR coronary angiography OR X-ray 
angiography OR Xray angiography))) OR ((electrocardiography OR ECG OR EKG OR 
electrocardio* OR MCG OR multifunction cardiogram OR exercise test OR treadmill) AND 
((echocardiography OR echo OR cardiogram) OR (single photon emission computed 
tomography OR SPECT OR positron emission tomography OR PET OR myocardial perfusion 
imaging OR nuclear scan OR radionuclide imaging) OR (((cardio* OR heart OR coronary OR 
cardiac) AND X-Ray computed Tomography) OR (CT angiography OR CTA OR Cardiac 
Computed Tomography OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR cardiac CT OR Cardiovascular CT)) OR ((cardiac OR heart OR 
coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance 
angiography OR MRA)) OR (cardiac catheterization OR angiography OR invasive coronary 
angiography OR heart catheterization OR coronary angiography OR X-ray angiography OR 
Xray angiography))) OR ((single photon emission computed tomography OR SPECT OR 
positron emission tomography OR PET OR myocardial perfusion imaging OR nuclear scan OR 
radionuclide imaging) AND ((echocardiography OR echo OR cardiogram) OR 
(electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR multifunction 
cardiogram OR exercise test OR treadmill) OR (((cardio* OR heart OR coronary OR cardiac) 
AND X-Ray computed Tomography) OR (CT angiography OR CTA OR Cardiac Computed 
Tomography OR MSCT OR Multislice computed tomography OR Multi-slice computed 
tomography OR MDCT OR multidetector computed tomography OR multi-detector computed 
tomography OR cardiac CT OR Cardiovascular CT)) OR ((cardiac OR heart OR coronary OR 
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cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance angiography OR 
MRA)) OR (cardiac catheterization OR angiography OR invasive coronary angiography OR 
heart catheterization OR coronary angiography OR X-ray angiography OR Xray angiography))) 
OR ((((cardio* OR heart OR coronary OR cardiac) AND X-Ray computed Tomography) OR 
(CT angiography OR CTA OR Cardiac Computed Tomography OR MSCT OR Multislice 
computed tomography OR Multi-slice computed tomography OR MDCT OR multidetector 
computed tomography OR multi-detector computed tomography OR cardiac CT OR 
Cardiovascular CT)) AND ((echocardiography OR echo OR cardiogram) OR 
(electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR multifunction 
cardiogram OR exercise test OR treadmill) OR (single photon emission computed tomography 
OR SPECT OR positron emission tomography OR PET OR myocardial perfusion imaging OR 
nuclear scan OR radionuclide imaging) OR ((cardiac OR heart OR coronary OR cardio*) AND 
(magnetic resonance imaging OR MRI OR Magnetic resonance angiography OR MRA)) OR 
(cardiac catheterization OR angiography OR invasive coronary angiography OR heart 
catheterization OR coronary angiography OR X-ray angiography OR Xray angiography))) OR 
(((cardiac OR heart OR coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR 
Magnetic resonance angiography OR MRA)) AND ((echocardiography OR echo OR 
cardiogram) OR (electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR 
multifunction cardiogram OR exercise test OR treadmill) OR (single photon emission computed 
tomography OR SPECT OR positron emission tomography OR PET OR myocardial perfusion 
imaging OR nuclear scan OR radionuclide imaging) OR (((cardio* OR heart OR coronary OR 
cardiac) AND X-Ray computed Tomography) OR (CT angiography OR CTA OR Cardiac 
Computed Tomography OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR cardiac CT OR Cardiovascular CT)) OR (cardiac catheterization OR 
angiography OR invasive coronary angiography OR heart catheterization OR coronary 
angiography OR X-ray angiography OR Xray angiography))) OR ((cardiac catheterization OR 
angiography OR invasive coronary angiography OR heart catheterization OR coronary 
angiography OR X-ray angiography OR Xray angiography) AND ((echocardiography OR echo 
OR cardiogram) OR (electrocardiography OR ECG OR EKG OR electrocardio* OR MCG OR 
multifunction cardiogram OR exercise test OR treadmill) OR (single photon emission computed 
tomography OR SPECT OR positron emission tomography OR PET OR myocardial perfusion 
imaging OR nuclear scan OR radionuclide imaging) OR (((cardio* OR heart OR coronary OR 
cardiac) AND X-Ray computed Tomography) OR (CT angiography OR CTA OR Cardiac 
Computed Tomography OR MSCT OR Multislice computed tomography OR Multi-slice 
computed tomography OR MDCT OR multidetector computed tomography OR multi-detector 
computed tomography OR cardiac CT OR Cardiovascular CT)) OR ((cardiac OR heart OR 
coronary OR cardio*) AND (magnetic resonance imaging OR MRI OR Magnetic resonance 
angiography OR MRA))))  
 
AND 
women OR woman OR female OR females OR sex factors 
 
AND 
diagnosis OR diagnos* OR predict* OR predictive value of tests OR sensitivity OR specificity 
OR sensitive  OR diagnostic  OR differential diagnosis 
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Grey Literature Searches: 
--------------------------------------------------------------------------------------------------------------------- 
ClinicalTrials.gov 
searched: 12-6-2010 
noninvasive [ALL-FIELDS] AND coronary artery disease [DISEASE] AND ( NOT "Male" ) 
[GENDER] AND "completed" [SUMMARY-STATUS] 
 
metaRegister of Controlled Trials (mRCT) 
searched: 12-6-2010 
(noninvasive OR non-invasive OR "non invasive") AND ("coronary artery disease" OR CAD) 
[no results] 
coronary artery disease [26 results scanned for completed trials related to diagnosis - no results] 
 
ClinicalStudyResults.org 
searched: 12-6-2010 
CAD OR "coronary artery disease" [no results] 
 
WHO: International Clinical Trials Registry Platform Search Portal 
searched: 12-6-2010 
(noninvasive OR non-invasive OR "non invasive") in Title 
AND 
("coronary artery disease" OR CAD) in Indication 
scanned for completed trials related to diagnosis  
 
CSA Conference Papers Index 
searched: 12-6-2010 
Search Query #2 KW=(noninvasive or non-invasive or (non invasive)) and KW=(cad or 
(coronary artery disease)) and KW=(diagnosis or detection or screening) (Copy Query) 
24 Published Works results found in Conference Papers Index 
Date Range:  Earliest to 2011 
 
Scopus 
searched: 12-6-2010 
Your query:  (TITLE-ABS-KEY(screening OR detection OR diagnosis OR assessment)) AND 
((TITLE-ABS-KEY(noninvasive OR "non invasive" OR non-invasive)) AND (TITLE-ABS-
KEY("coronary artery disease" OR cad))) AND (LIMIT-TO(DOCTYPE, "cp")) 
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Appendix B. Data Abstraction Elements 
 

 
I. Study Characteristics 

• Study dates 
• Study sites  
• Geographic location  
• Funding source 
• Study design  
• If discernable: Is this article known to be a report of data from a population discussed 

in another article?  
o If Yes, note the primary publication for the study by entering the citation 

information or study identifier (trial name, acronym, or NCT number).  
Citation information is preferred. 

• Testing setting (select all that apply) 
o Emergency Department/ Chest Pain Unit 
o Outpatient 
o Inpatient 
o Other (specify) 
o Not Reported/Unclear 

• Duration of longest follow-up after completion of final test. Enter with units (days, 
weeks, months). NR if Not Reported. Enter NA if Not Applicable (i.e. if the study did 
not include a follow-up period). 

• Was screening and enrollment consecutive? 
• Inclusion criteria: Copy/paste inclusion criteria as reported in the article. 
• Exclusion criteria: Copy/paste exclusion criteria as reported in the article.  
• Study Enrollment 

o Total population 
 Number of subjects enrolled 
 Number of subjects with known CAD 
 Number of subjects without known CAD 
 If applicable, enter the definition of known CAD 

o Female 
 Number of subjects enrolled 
 Number of subjects with known CAD 
 Number of subjects without known CAD 
 If applicable, enter the definition of known CAD 

o Male 
 Number of subjects enrolled 
 Number of subjects with known CAD 
 Number of subjects without known CAD 
 If applicable, enter the definition of known CAD 

• Study Completion 
o Total population 
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 Number of subjects who received all study-specified diagnostic tests 
 Number of subjects who completed follow-up phase to completion 

o Female 
 Number of subjects who received all study-specified diagnostic tests 
 Number of subjects who completed follow-up phase to completion 

o Male 
 Number of subjects who received all study-specified diagnostic tests 
 Number of subjects who completed follow-up phase to completion 

 
II. Baseline Demographics 

• No known CAD reported 
o Age in years (Total, Female, and Male) 

 p value (Female vs. Male data) 
 Mean 
 SD 
 Min age 
 Max age 
 25% IQR 
 75% IQR 

o Ethnicity (Total, Female, and Male) 
 Hispanic or Latino 
 Not Hispanic or Latino 

o Race (Total, Female, and Male) 
 American Indian or Alaska Native 
 Asian 
 Black or African American 
 Native Hawaiian or other Pacific Islander 
 White 
 Other 
 Multiracial 
 Not reported 

o Was body size reported? 
 If yes, describe the measurement type and units. 
 If yes, provide the characteristics as reported (e.g. range, mean with 

standard deviation, etc.)  
o Was heart size reported? 

 If yes, describe the measurement type and units. 
 If yes, provide the characteristics as reported (e.g. range, mean with 

standard deviation, etc.)  
o Was functional status (exercise capacity) reported?  

 If yes, describe the measurement type and units 
 If yes, provide the characteristics as reported (e.g. range, mean with 

standard deviation, etc.) 
• Mixed known/no known CAD reported 

o Age in years (Total, Female, and Male) 
 p value (Female vs. Male data) 
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 Mean 
 SD 
 Min age 
 Max age 
 25% IQR 
 75% IQR 

o Ethnicity (Total, Female, and Male) 
 Hispanic or Latino 
 Not Hispanic or Latino 

o Race (Total, Female, and Male) 
 American Indian or Alaska Native 
 Asian 
 Black or African American 
 Native Hawaiian or other Pacific Islander 
 White 
 Other 
 Multiracial 
 Not reported 

o Was body size reported? 
 If yes, describe the measurement type and units. 
 If yes, provide the characteristics as reported (e.g. range, mean 

with standard deviation, etc.)  
o Was heart size reported? 
 If yes, describe the measurement type and units. 
 If yes, provide the characteristics as reported (e.g. range, mean with 

standard deviation, etc.)  
o Was functional status (exercise capacity) reported?  

 If yes, describe the measurement type and units 
 If yes, provide the characteristics as reported (e.g. range, mean with 

standard deviation, etc.) 
 

III.  NIT and Comparator Characteristics 
• NITs included in study 

o Electrocardiogram (exercise/stress or resting) = ECG 
o Echocardiography (with or without contrast) = ECHO 
o Exercise/stress radionuclide myocardial perfusion imaging (MPI). Includes:  

 Single proton emission computed tomography = SPECT,  
 Positron emission tomography = PET,  
 Scintigraphy  

o Cardiac perfusion and stress magnetic resonance imaging = CMR  
o Multidetector cardiac computed tomography angiography = CTA 

IV.  ECG Module 
• Type (multiple selections) 

 Exercise stress 
 Pharmacologic stress 
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 Multifunction Cardiogram [MCG] 
• If exercise stress, type of exercise performed (multiple selections) 

 Treadmill 
 Bicycle 
 Step 
 Other (specify) 
 Not exercise stress 

• If pharmacologic stress, type of agent used.   
 Dobutamine 
 Adenosine 
 Dipyridamole 
 Other (specify) 
 Not pharmacologic stress 

• Definition of a positive result  
• ≥ 1 mm ST depression 
• 1-2 mm ST depression 
• ≥ 2 mm ST depression 
• Other (specify) 

 
V. Stress ECHO Module  

• Type of stressor (multiple selections) 
o Exercise stress 
o Pharmacologic stress 

• If exercise stress, type of exercise performed (multiple selections) 
o Treadmill 
o Bicycle 
o Other (specify) 
o Not exercise stress 

• If pharmacologic stress, type of agent used.   
 Dobutamine 
 Adenosine 
 Dipyridamole 
 Other (specify) 
 Not pharmacologic stress 

• Was contrast agent used?   
• Definition of a positive result  

 Wall Motion Abnormality (WMA) at rest and at stress 
 Wall Motion Abnormality (WMA) at stress, but not at rest 
 Wall Motion Abnormality (WMA) not otherwise specified 

• If ECG used, definition of a positive result  
• ≥ 1 mm ST depression 
• 1-2 mm ST depression 
• ≥ 2 mm ST depression 
 Other (specify) 
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VI.  Exercise/stress myocardial perfusion imaging Module 
• Modality 

o Single selection: SPECT, PET, scintigraphy 
• Type of stressor 

o Exercise stress, Pharmacologic stress 
o If exercise stress, type of exercise performed.    

• Treadmill 
• Bicycle 
• Other (specify) 
• Not exercise stress 

• If pharmacologic stress, type of agent used.   
o Dobutamine 
o Adenosine 
o Dipyridamole 
o Other (specify) 
o Not pharmacologic stress 

• Radionuclide used 
o Technetium Tc 99m sestamibi (MIBI) 
o Thallous chloride TL-201 (thallium) 
o Fluorodeoxyglucose (FDG) 
o Other (specify) 

• Definition of a positive result  
o Reported by Sum Stress Score (SSS)? 

• If yes, enter threshold value for positive result 
o Reported by % ischemic LV? 

• If yes, enter threshold value for positive result 
o Reported by evidence of ischemia in any segment? 

• If yes, enter number of segments considered a positive result 
o Reported by Transient Ischemic Dilation (or Total Perfusion Deficit)? 

• If yes, enter threshold value for positive result 
• If ECG used, definition of a positive result  

• ≥ 1 mm ST depression 
• 1-2 mm ST depression 
• ≥ 2 mm ST depression 
• Other (specify) 

 
VII. Cardiac perfusion and stress magnetic resonance imaging (CMR) Module 

• Type of test (multiple selections): 
 Dobutamine cine CMR 
 Vasodilator stress perfusion 
 Delayed enhanced (DE-CMR) 
 Other (specify) 

• Type of stressor (multiple selections): 
 Exercise stress 
 Pharmacologic stress 
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• If exercise stress, type of exercise performed. If not exercise, select “Not exercise 
stress.” (multiple selections): 

 Bicycle 
 Other (specify) 
 Not exercise stress 

• If pharmacologic stress, type of agent used (multiple selections): 
o Dobutamine 
o Adenosine 
o Dipyridamole 
o Other (specify w/free text field) 
o Not pharmacologic stress 

• Was contrast agent used? 
 If yes, specify the contrast agent. 

• Definition of positive result  
 Reported by perfusion defect? 

• If yes, enter threshold value for positive result 
 MRA of coronary arteries performed? 

• If yes, enter threshold value for positive result 
 Wall Motion Abnormalities (WMA) assessed? 

• If yes, select definition of positive result 
o Wall Motion Abnormality (WMA) at rest and at stress 
o Wall Motion Abnormality (WMA) at stress, but not at 

rest 
o Wall Motion Abnormality (WMA) not otherwise 

specified 
 
VIII.  Multidetector cardiac computed tomography angiography (CTA) Module 

• Was contrast agent used?  
o If yes, specify the contrast agent and dose (including units). 

• Number of slices (multiple selections): 
o 4-slice 
o 16-slice 
o 32-slice 
o Other number less than 64 (specify w/text box) 
o 64-slice or greater 

• Was calcium score testing performed? 
• Definition of positive result (multiple selections): 

• ≥ 50% stenosis 
• ≥ 70% stenosis 
• ≥ 50% Left Main 
• Other (specify) 

 
IX. Diagnostic catheterization Module 

• Angiographic definition of disease (multiple selections): 
o ≥ 50% stenosis 
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o ≥ 70% stenosis 
o ≥ 50% Left Main 
o Other (specify) 

 
X. Modality comparisons  

• Specify modality comparisons [one NIT to another (different) NIT, or a NIT to 
diagnostic cardiac catheterization].  

 
XI.  Applicability to Key Questions 

• KQ 1:  
• What is the accuracy of one noninvasive technology (NIT) in diagnosing 

obstructive and nonobstructive CAD when compared to another NIT or to 
coronary angiography in women with chest pain syndrome?  
o Exercise electrocardiogram (ECG) stress test (including resting ECG 

technology, such as a multifunctional cardiogram)  
o Exercise/stress echocardiography (ECHO) with or without a contrast agent 
o Exercise/stress radionuclide myocardial perfusion imaging (including single 

proton emission computed tomography [SPECT] and positron emission 
tomography [PET]) 

o Cardiac perfusion and stress magnetic resonance imaging (CMR) 
o Multidetector cardiac computed tomography angiography (CTA) 

• KQ 2:  
o What are the predictors of diagnostic accuracy (age, race/ethnicity, body size, 

heart size, menopausal status, functional status, stress modality) of different 
NITs in women? 

• KQ 3:  
o Is there evidence that the use of NITs (when compared to other NITs or to 

diagnostic cardiac catheterization) in women improves: 
a. Risk stratification/prognostic information? 
b. Decisionmaking regarding treatment options (e.g., revascularization, 

optimal medical therapy)? 
c. Clinical outcomes (e.g., death, myocardial infarction, unstable angina, 
hospitalization, revascularization, angina relief, quality of life)? 

• KQ 4:  
o Are there significant safety concerns/risks (i.e., radiation exposure, access site 

complications, contrast agent-induced nephropathy, nephrogenic systemic 
fibrosis, anaphylaxis, arrhythmias) associated with the use of different NITs to 
diagnose CAD in women with chest pain syndromes? 

 
XII. KQ 1 

• Which modality-level comparison(s) from the “NIT and Comparators” form does 
this data correspond to? Select all that apply. Space is provided for up to 6 
modality-level comparisons. 
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• Enter total N for each category, NR for not reported, or NA for not applicable 
(Total population, Female, Male) 

• Number of subjects with known CAD 
• Number of subjects without known CAD 
• If applicable, enter the definition of known CAD 
• For the modality-level comparison(s) indicated above, does the article present 

data separately for both “no known CAD” and “mixed known/ no known CAD” 
populations? 

o If data is reported for a “no known CAD” population, enter age, ethnicity, 
race, body size, heart size, and functional status information for the “no 
known CAD” population in the section below labeled “No known CAD.”  

o If data is reported for a “mixed known/ no known CAD” population, enter 
age, ethnicity, race, body size, heart size, and functional status information 
for the mixed population in the section below labeled “Mixed known/ no 
known CAD.”  

• Enter by Total population, Female, Male: 
o SD  
o Min age  
o Max age  
o 25% IQR 
o 75% IQR 
o Ethnicity 
 Hispanic 
 Non-Hispanic or Latino 

o Race 
 American Indian or Alaska Native   
 Asian   
 Black or African American   
 Native Hawaiian or other Pacific Islander   
 White   
 Other   
 Multiracial   
 Not reported   

o Was body size reported? 
o Was heart size reported? 
o Was functional status (exercise capacity) reported? 

 
XIII.  KQ 2 

• Indicate test modalities compared 
• Indicate which predictive factor this data addresses  

o Age 
o Race/ethnicity 
o Body size 
o Heart size 
o Menopausal status 
o Functional status 
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o Stress modality 
• Indicate CAD status of the population 

o No known CAD 
o Mixed known/ no known CAD 

• Specify the female subgroups analyzed for this predictor and pair of test 
modalities. Columns are provided to capture up to 5 subgroup categories. Complete 
only the number needed to capture the data presented in the study. 

•  Define the groups 
• Number of patients who received the index test 
• Number of patients who received diagnostic cardiac cath 
• Number of patients with adequate exercise for index test (if exercise is applicable) 
• Number of patients with positive index test 
• Number of patients with negative index test 
• Disease prevalence (# of patients) 
• Disease prevalence (%) 
• True positive (# of patients) 
• True negative (# of patients) 
• False positive (# of patients) 
• False negative (# of patients) 
• Indeterminate or technically inadequate results (# of patients) 
• Sensitivity (%) 
• Sensitivity (Std dev) 
• Sensitivity (Upper confidence interval bound) 
• Sensitivity (Lower confidence interval bound) 
• Specificity (%) 
• Specificity (Std dev) 
• Specificity (Upper confidence interval bound) 
• Specificity (Lower confidence interval bound) 
• Positive predictive value (%) 
• Positive predictive value (Std dev) 
• Positive predictive value (Upper confidence interval bound) 
• Positive predictive value (Lower confidence interval bound) 
• Negative predictive value (%) 
• Negative predictive value (Std dev) 
• Negative predictive value (Upper confidence interval bound) 
• Negative predictive value (Lower confidence interval bound) 
• Negative likelihood ratio 
• Positive likelihood ratio 
• Cath results 

o Number of patients with single-vessel disease 
o Number of patients with 2-vessel disease 
o Number of patients with 3-vessel disease 
o Number of patients with Left Main disease 

 
XIV. KQ 3  

• Indicate test modalities compared 
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• Indicate CAD status of the population 
• Does the study provide data on risk stratification/prognostic information? 
• Describe the risk/prognostic findings by gender 
• Risk/prognostic information  

o Decisionmaking about treatment (Treatments may include: None, Medical 
management, Invasive management) 

o Describe any decisionmaking findings not captured by gender  
• Clinical outcomes measured by Total population, Female, Male: (multiple selections):   

o MI 
o Unstable angina 
o Hospitalization 
o Mortality 
o Revascularization 
o Angina relief 
o Quality of life 
o Composite (specify) 

 
XV.  KQ 4a  
• Indicate test modalities compared 
• Indicate CAD status of the population 
• Data by gender for each category of adverse outcome. 

o Average total body radiation exposure (specify units) 
o Access site complications  
o IV site complications 
o Contrast-agent induced nephropathy 
o Nephrogenic systemic fibrosis 
o Anaphylaxis 
o Arrythmias 

• If access site complications were reported, describe how these complications were 
defined. 

• Does the article report tissue-level radiation data? 
• Describe tissue-level radiation findings 

 
XVI.  KQ 4b 
• Does the article report harms data broken down by any demographic factors other than 

gender? (Gender data is to be captured in form KQ 4a.) 
• Indicate test modalities compared 
• Indicate CAD status of the population 
• Specify the categories for this subgroup analysis. Columns are provided to capture up to 

5 categories. Complete only the number needed to capture the data presented in the study. 
Define the categories, then complete the tables below with as much information as is 
provided in the study. 

• Harms 
o Average total body radiation exposure (specify units) 
o Access site complications  
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o IV site complications 
o Contrast-agent induced nephropathy 
o Nephrogenic systemic fibrosis 
o Anaphylaxis 
o Arrythmias 

• If access site complications were reported, describe how these complications were 
defined. 

• Does the article report tissue-level radiation data? 
• Describe tissue-level radiation findings 

 
XVII. Quality Assessment 

• QUADAS Tool for Quality Assessment of Studies of Diagnostic Accuracy 
• Answer each of the 14 questions below. A user's guide explaining each question and how 

to score your responses is available in the 2003 QUADAS article 
here:  http://www.biomedcentral.com/1471-2288/3/25 

1. Was the spectrum of patients representative of the patients who will receive the 
test in practice? 

2. Were selection criteria clearly described? 
3. Is the reference standard likely to correctly classify the target condition? 
4. Is the time period between reference standard and index test short enough to be 

reasonably sure that the target condition did not change between the two tests? 
5. Did the whole sample or a random selection of the sample, receive verification 

using a reference standard of diagnosis? 
6. Did patients receive the same reference standard regardless of the index test 

result? 
7. Was the reference standard independent of the index test (i.e. the index test did 

not form part of the reference standard)?   
8. Was the execution of the index test described in sufficient detail to permit 

replication of the test? 
9. Was the execution of the reference standard described in sufficient detail to 

permit its replication? 
10. Were the index test results interpreted without knowledge of the results of the 

reference standard? 
11. Were the reference standard results interpreted without knowledge of the results 

of the index test? 
12. Were the same clinical data available when test results were interpreted as would 

be available when the test is used in practice? 
13. Were uninterpretable/ intermediate test results reported? 
14. Were withdrawals from the study explained? 

• Summary Judgment 
o Good (low risk of bias). No major features that risk biased results. RCTs are 

considered a high study design type, but studies that include consecutive patients 
representative of the intended sample for whom diagnostic uncertainty exists may 
also meet this standard. A “good” study avoids the multiple biases to which 
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medical test studies are subject (e.g., use of an inadequate reference standard, 
verification bias), and key study features are clearly described, including the 
comparison groups, measurement of outcomes, and the characteristics of patients 
who failed to have actual state (diagnosis or prognosis) verified. 

o Fair. Susceptible to some bias, but flaws not sufficient to invalidate the results. 
The study does not meet all the criteria required for a rating of good quality, but 
no flaw is likely to cause major bias. The study may be missing information, 
making it difficult to assess limitations and potential problems.  

o Poor (high risk of bias). Significant flaws that imply biases of various types that 
may invalidate the results. The study has significant biases determined a priori to 
be major or “fatal” (i.e., likely to make the results either uninterpretable or 
invalid).  

• If the study is rated as “Fair” or “Poor,” provide rationale for decision. 

XVIII.  Applicability Assessment 
• Use the PICOTS format to identify specific issues that may limit the applicability 

of the study as described in the draft Methods Guide for Medical Test Reviews. 
Indicate the most important limitations affecting applicability, if any, from the list 
below. 

• Population (P) 
o Source of population not described 
o Study population poorly specified 
o Key characteristics not reported 

• Intervention (I) 
o Version/instrumentation not specified 
o Training/quality control not described 
o Screening and diagnostic uses mixed 

• Comparator (C) 
o Gold standard not applied 
o Correlational data only 

• Outcome of use of the test (O) 
o Failure to test “normals” or subset with gold standard 
o Precision of estimates not provided 

• Clinical outcomes from test results (O) 
o Populations and study designs heterogeneous with varied findings 
o Data not stratified or adjusted for key predictors 

• Timing (T) 
o Sequence of use of other diagnostics unclear 
o Time from results to treatment not reported 
o Order of testing varies across subjects and was not randomly assigned 

• Setting (S) 
o Resources available to providers for diagnosis and treatment of condition 

vary widely 
o Provider type/specialty varies across settings 
o Comparability of care in international settings unclear 
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Appendix D. Quality and Applicability of Included Studies 
 

Table D-1. Quality, applicability, and relevant Key Questions (KQs) 
 

Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Abramson, et al., 2000 • SPECT/PET/ 
Scintigraphy 

X    Fair • Key characteristics not reported 
• Failure to test “normals” or subset with gold standard 
• Data not stratified or adjusted for key predictors 

Agati, et al., 1992 • ECG 
• ECHO 

X    Fair • Source of population not described 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 

Barolsky, et al., 1979 • ECG X    Fair 
 

• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Bjornstad, et al., 1995 • ECHO X    Fair 
 
 

• Key characteristics not reported 
• Training/quality control not described 
• Failure to test “normals” or subset with gold standard 
• Precision of estimates not provided 

Bokhari, et al., 2008 • ECG 
• SPECT/PET/ 

scintigraphy 

X    Poor • Training/quality control not described 
• Data not stratified or adjusted for key predictors 
• Sequence of use of other diagnostics unclear 

Burgi Wegmann, et al., 
2003 

• ECG X    Fair • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Training/quality control not described 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Chae, et al., 1993 • SPECT/PET/ 
scintigraphy 

X    Good • Training/quality control not described 
• Precision of estimates not provided 

Cin, et al., 2000 • ECG X X   Poor • Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Coelho-Filho, et al., 2011 • CMR 
• Coronary CTA 

X  X  Fair • Training/quality control not described 
• Gold standard not applied 

DePasquale, et al., 1988 • SPECT/PET/ 
scintigraphy 

X    Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Precision of estimates not provided 

Dewey, et al., 2008a • Coronary CTA X   X Good • Precision of estimates not provided 

Dewey, et al., 2010b • CTA X 
 

   Good • Precision of estimates not provided 

Dharampal, et al., 2011c • Coronary CTA X   X Fair • Screening and diagnostic uses mixed 
• Comparability of care in international settings unclear 
• Limitation from use of two types of CTA technology 

within study 
Dionisopoulos, et al., 1997 • ECHO X    Fair • Study population poorly specified 

• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 

Dodi, et al., 2001 • ECG 
• ECHO 

  X  Good • Training/quality control not described 
• Gold standard not applied 
• Order of testing varied across subjects and was not 

randomly assigned 
Doyle, et al., 2003d • SPECT/PET/ 

scintigraphy 
• CMR 

X    Good • Precision of estimates not provided 
• Order of testing varied across subjects and was not 

randomly assigned 

Doyle, et al., 2010d • CMR   X  Fair • Source of population not described 
• Training/quality control not described 
• Precision of estimates not provided 
• Resources available to providers for diagnosis and 

treatment of condition varied widely 
Elhendy, et al., 1997 • ECH 

• ECHO 
X   X Fair • Source of population not described 

• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Elhendy, et al., 2006 • SPECT/PET/ 
scintigraphy 

X    Fair • Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Failure to test “normals” or subset with gold standard 
• Comparability of care in international settings unclear 

Elhendy, et al., 1998 • ECHO 
• SPECT/PET/ 

scintigraphy 

X 
 

   Good • Training/quality control not described 

Emmett, et al., 2002 • SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Key characteristics not reported 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Faisal, et al., 2007 • ECG X 
 

   Poor • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 
• Failure to test “normals” or subset with gold standard 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Resources available to providers for diagnosis and 

treatment of condition varied widely 
Friedman, et al., 1982 • ECG 

• SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Precision of estimates not provided 

Gebker, et al., 2010 • CMR X X  X Good • Source of population not described 
• Precision of estimates not provided 

Gentile, et al., 2001 • ECG 
• SPECT/PET/ 

scintigraphy 

X    Good • Training/quality control not described 
• Data not stratified or adjusted for key predictors 

Guiteras, et al., 1982 • ECG X    Fair • Source of population not described 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Gulati, et al., 2004 • SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Hlatky, et al., 1984 • ECG X    Poor • Source of population not described 
• Key characteristics not reported 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Time from results to treatment not reported 

Ho, et al., 1998 • ECHO 
• SPECT/PET/ 

scintigraphy 

X X  X Fair • Source of population not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Hoilund-Carlsen, et al., 
2005 

• ECG 
• SPECT/PET/ 

scintigraphy 

X 
 

   Fair • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Hoilund-Carlsen, et al., 
2007 

• SPECT/PET/ 
scintigraphy 

X    Good • Training/quality control not described 

Hosokawa, et al., 2008 • ECG X    Fair • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Precision of estimates not provided 
• Time from results to treatment not reported 
• Comparability of care in international settings unclear 

Hung, et al., 1984 • SPECT/PET/ 
scintigraphy 

X    Good • Training/quality control not described 
• Precision of estimates not provided 

Jenkins, et al., 2010 • Coronary CTA X    Good • Training/quality control not described 

Johansen, et al., 2004 • ECG 
• SPECT/PET/ 

scintigraphy 

X 
 

   Fair • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Johnson, et al., 2004d • CMR   X  Fair • Populations and study designs heterogeneous with 
varied findings 

• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Kaminek, et al., 2001 • SPECT/PET/ 
scintigraphy 

X    Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Kiat, et al., 1990 • SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Klem, et al., 2008 • CMR X 
 

X   Good • Training/quality control not described 
• Precision of estimates not provided 

Koide, et al., 2001 • ECG X    Good • Training/quality control not described 

Langer, et al., 2009 • CMR 
• Coronary CTA 

X    Good • Precision of estimates not provided 

Laurienzo, et al., 1997 • ECG 
• ECHO 
• SPECT/PET/ 

scintigraphy 
 

X 
 

  X Good • Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Order of testing varied across subjects and was not 

randomly assigned 
Lehmkuhl, et al., 2007 • ECG 

• ECHO 
X   X Good • Precision of estimates not provided 

Lewandowski, et al., 2007 • ECG 
• ECHO 

X    Good • Version/instrumentation not specified 
• Training/quality control not described 
• Comparability of care in international settings unclear 

Lewis, et al., 1999d • ECHO X   X Good • Precision of estimates not provided 

Lewis, et al., 2005d • ECG X X X  Good • Key characteristics not reported 
• Time from results to treatment not reported 

Lu, et al., 2010 • ECG 
• ECHO 
• SPECT/PET/ 

scintigraphy 

X X  X Good • Training/quality control not described 
• Precision of estimates not provided 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Maffei, et al., 2010 • ECG X    Fair • Source of population not described 
• Precision estimates not provided 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Majstorov, et al., 2005 • SPECT/PET/ 
scintigraphy 

X 
 

   Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 

Mak, et al., 1995 • SPECT/PET/ 
scintigraphy 

X    Good • Study population poorly specified 
• Precision of estimates not provided 

Marwick, et al., 1993 • ECHO 
• SPECT/PET/ 

scintigraphy 

X    Fair • Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Order of testing varied across subjects and was not 

randomly assigned 
Marwick, et al., 1995 • ECG 

• ECHO 
X X   Fair • Key characteristics not reported 

• Version/instrumentation not specified 
• Training/quality control not described 
• Comparability of care in international settings unclear 

Masini, et al., 1988 • ECG 
• ECHO 

X    Fair • Source of population not described 
• Key characteristics not reported 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Order of testing varied across subjects and was not 

randomly assigned 
• Comparability of care in international settings unclear 

Mazeika, et al., 1992 • ECHO X    Fair • Study population poorly specified 
• Key characteristics not reported 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Merkle, et al., 2010 • CMR X    Good • Training/quality control not described 
• Data not stratified or adjusted for key predictors 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Michaelides, et al., 2007 • ECG X    Fair • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Mieres, et al., 2007 • ECG 
• SPECT/PET/ 

scintigraphy 

X  X  Fair • Source of population not described 
• Version/instrumentation not specified 
• Training/quality control not described 
• Failure to test “normals” or subset with gold standard 
• Precision of estimates not provided 
• Time from results to treatment not reported 
• Comparability of care in international settings unclear 

Miller, et al., 2001 • ECG 
• SPECT/PET/ 

scintigraphy 

X    Fair • Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Mohiuddin, et al., 1996 • SPECT/PET/ 
scintigraphy 

 

X   X Good • Training/quality control not described 

Morise, et al., 2000 • ECG X    Good • None 

Morise, et al., 1995-A  • ECG X    Fair • Training/quality control not described 
• Precision of estimates not provided 

Morise, et al., 1995-B  • SPECT/PET/ 
scintigraphy 

X    Poor • Study population poorly specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Morise, et al., 2002 • ECG   X 
 

 Good • Precision of estimates not provided 
• Comparability of care in international settings unclear 

Morise, et al., 2004d • ECG   X  Fair • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 



D-8 

 

Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Nascimento, et al., 2008 • ECG X 
 

   Fair • Training/quality control not described 
• Data not stratified or adjusted for key predictors 
• Sequence of use of other diagnostics unclear 

Ozdemir, et al., 2002 • ECG X    Good • Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Pundziute, et al., 2008 • Coronary CTA X    Fair • Source of population not described 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Raman, et al., 2008 • ECG 
• SPECT/PET/ 

scintigraphy 
• CMR 

X  X  Fair • Source of population not described 
• Training/quality control not described 
• Comparability of care in international settings unclear 

Richardson, et al., 1995 • ECG 
 

X    Good • Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Robert, et al., 1991 • ECG X    Fair • Source of population not described 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Roger, et al., 1997 • ECHO X    Poor • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 

Rollan, et al., 2002 • ECG 
• ECHO 
• SPECT/PET/ 

scintigraphy 

X    Fair • Source of population not described 
• Training/quality control not described 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

San Roman, et al., 1998 • ECG 
• ECHO 
• SPECT/PET/ 

scintigraphy 

X    Good • Source of population not described 
• Study population poorly specified 
• Version/instrumentation not specified 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Sanfilippo, et al., 2005 • ECG 
• ECHO 

  X  Fair • Version/instrumentation not specified 
• Training/quality control not described 
• Screening and diagnostic uses mixed 
• Gold standard not applied 
• Correlational data only 
• Failure to test “normals” or subset with gold standard 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Santana-Boado, et al., 
1998 

• ECG 
• SPECT/PET/ 

scintigraphy 
 

X    Fair • Source of population not described 
• Study population poorly specified 
• Comparability of care in international settings unclear 

Sawada, et al., 1989 • ECHO X 
 
 

   Good • Source of population not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Schupbach, et al., 2008 • ECG X 
 

   Fair • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Severi, et al., 1994 • ECG 
• ECHO 

X    Good • Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Order of testing varied across subjects and was not 

randomly assigned 
Sharir, et al., 2000 • SPECT/PET/ 

scintigraphy 
X    Poor • Source of population not described 

• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Shaw, et al., 2011e • ECG 
• SPECT/PET/ 

scintigraphy 

  X  Fair • Gold standard not applied 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Shi, et al., 2007 • SPECT/PET/ 
scintigraphy 

X    Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Failure to test “normals” or subset with gold standard 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Comparability of care in international settings unclear 

Shin, et al., 2003 • ECHO X X   Fair • Source of population not described 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Shivalkar, et al., 2007 • Coronary CTA X    Fair • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 
• Comparability of care in international settings unclear 

Siegler, et al., 2011 • ECG 
• SPECT/PET/ 

scintigraphy 

X X   Fair 
 
 

• Gold standard not applied 
• Precision of estimates not provided 

Sinha, et al., 2008 • ECG X    Poor • Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Sketch, et al., 1975 • ECG X    Poor • Source of population not described 
• Study population poorly specified 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 

Slavich, et al., 1996 • ECHO 
• SPECT/PET/ 

scintigraphy 

X    Fair • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Slomka, et al., 2007 • SPECT/PET/ 
scintigraphy 

X    Poor • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Slomka, et al., 2005 • SPECT/PET/ 
scintigraphy 

x 
 

   Fair • Source of population not described 
• Study population poorly specified 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Comparability of care in international settings unclear 

Svart, et al., 2010 • ECG X    Fair • Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 

Taillefer, et al., 1997 • SPECT/PET/ 
scintigraphy 

X    Good • Study population poorly specified 
• Training/quality control not described 
• Precision of estimates not provided 

Takeuchi, et al., 1996 • ECHO 
• SPECT/PET/ 

scintigraphy 

X    Fair • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Travin, et al., 2000 • SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Study population poorly specified 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Van Train, et al., 1994 • SPECT/PET/ 
scintigraphy 

X    Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 
• Order of testing varied across subjects and was not 

randomly assigned 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Vashist, et al., 2007 • SPECT/PET/ 
scintigraphy 

X X X  Fair • Source of population not described 
• Training/quality control not described 
• Comparability of care in international settings unclear 

Weiner, et al., 1985 • ECG X    Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Weiner, et al., 1979 • ECG X    Good • Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 

Weustink, et al., 2007 • Coronary CTA    X Fair • Source of population not described 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

Weustink, et al., 2009 • Coronary CTA    X Good • None 

Williams, et al., 1994 • ECHO 
 

X    Fair • Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Data not stratified or adjusted for key predictors 

Wolak, et al., 2008 • SPECT/PET/ 
scintigraphy 

X    Fair • Source of population not described 
• Comparability of care in international settings unclear 

Wong, et al., 2001 • ECG   X  Poor • Source of population not described 
• Study population poorly specified 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Time from results to treatment not reported 

Yamauchi, et al., 1985 • ECG X    Fair • Source of population not described 
• Key characteristics not reported 
• Training/quality control not described 
• Precision of estimates not provided 
• Sequence of use of other diagnostics unclear 
• Comparability of care in international settings unclear 
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Study NIT Modality KQ 1 KQ 2 KQ 3 KQ 4 Quality Limitations to Applicability 

Yeih, et al., 2007 • ECG 
• SPECT/PET/ 

scintigraphy 

X X   Fair • Source of population not described 
• Study population poorly specified 
• Precision of estimates not provided 
• Comparability of care in international settings unclear 

aRelated methods article: Dewey, et al., 2006 (refer to Appendix C for full citation). 
bRelated methods article: Miller, et al., 2009 (refer to Appendix C for full citation). 
cRelated methods articles: Meijboom, et al., 2007 and Meijboom, et al., 2008 (refer to Appendix C for full citations). 
dRelated methods article: Merz, et al., 1999 (refer to Appendix C for full citation). 
eRelated methods article: Mieres, et al., 2009 (refer to Appendix C for full citation). 
Abbreviations: CAD = coronary artery disease; CMR =cardiac magnetic resonance; CTA = computed tomography angiography; ECG = exercise/stress electrocardiogram; ECHO 
= echocardiogram; KQ = Key Question; PET = positron emission tomography; SPECT = single proton emission computed tomography 

 
 
Table D-2. QUADAS tool for quality assessment of diagnostic accuracya 
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Abramson, et al., 2000 N Y Y Y Y Y Y Y Y Y Y Y N N 

Agati, et al., 1992 U N Y Y Y Y Y Y Y Y Y U N N 

Barolsky, et al., 1979 U N Y N Y Y Y Y Y U U U N N 

Bjornstad, et al., 1995 N Y Y Y Y Y Y Y Y Y Y Y N Y 

Bokhari, et al., 2008 N Y Y Y N N N Y Y N N Y N N 
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Burgi Wegmann, et al., 2003 U Y Y U Y Y Y N U U U U N N 

Chae, et al., 1993 Y Y Y Y Y Y Y Y Y Y Y Y Y N 

Cin, et al., 2000 Y Y Y Y N Y Y Y Y U U Y N Y 

Coelho-Filho, et al., 2011 Y N Y N N N Y Y Y Y Y U Y Y 

DePasquale, et al., 1988 U N Y Y Y Y Y Y Y Y U U N N 

Dewey, et al., 2008b N Y Y Y Y Y Y Y Y Y U N U N 

Dewey, et al., 2010c Y Y Y Y Y Y Y Y Y Y Y N Y N 

Dharampal, et al., 2011d Y Y Y Y Y Y Y Y N U U U N Y 

Dionisopoulos, et al., 1997 U N Y Y Y Y Y Y Y Y Y Y N N 

Dodi, et al., 2001 Y Y N Y Y Y Y Y Y U U Y N N 

Doyle, et al., 2003e Y Y Y U Y Y Y Y Y Y Y U N Y 

Doyle, et al., 2010e U Y Y Y Y Y Y Y N N Y U N N 



D-15 

 

Study 

Pa
tie

nt
 

R
ep

re
se

nt
at

io
n 

Se
le

ct
io

n 
C

rit
er

ia
 

R
ef

er
en

ce
 

St
an

da
rd

 

Ti
m

e 
In

te
rv

al
 

Sa
m

pl
e 

fo
r 

Ve
rif

ic
at

io
n 

R
ef

er
en

ce
 te

st
 

un
ifo

rm
ly

 a
pp

lie
d 

R
ef

er
en

ce
 te

st
 

in
de

pe
nd

en
tly

 
pe

rf
or

m
ed

 

In
de

x 
Te

st
 

R
ep

lic
ab

ili
ty

 

R
ef

er
en

ce
 T

es
t 

R
ep

lic
ab

ili
ty

 

In
de

x 
Te

st
 B

lin
de

d 
In

te
rp

re
ta

tio
n 

R
ef

er
en

ce
 T

es
t 

B
lin

de
d 

In
te

rp
re

ta
tio

n 

C
lin

ic
al

 D
at

a 
A

va
ila

bi
lit

y 

U
ni

nt
er

pr
et

ab
le

 o
r 

In
te

rm
ed

ia
te

 T
es

t 
R

ep
or

tin
g 

St
ud

y 
W

ith
dr

aw
al

 
D

es
cr

ip
tio

n 

Elhendy, et al., 1997 U Y Y Y Y Y Y Y U Y U N N N 

Elhendy, et al., 2006 U Y Y Y Y Y U Y U Y N U N N 

Elhendy, et al., 1998 Y N Y Y Y Y U Y Y Y Y Y N N 

Emmett, et al., 2002 U Y Y U Y Y Y Y U Y Y N U N 

Faisal, et al., 2007 U N Y U N N N Y U U N U N N 

Friedman, et al., 1982 U N Y U Y Y Y Y U Y Y U Y N 

Gebker, et al., 2010 U Y Y Y Y Y Y Y Y Y Y U Y Y 

Gentile, et al., 2001 Y U Y Y Y Y Y Y Y Y Y Y N N 

Guiteras, et al., 1982 U Y Y Y Y Y U Y U U U U Y N 

Gulati, et al., 2004 U Y Y U Y Y Y Y U Y U U N N 

Hlatky, et al., 1984 U Y Y U Y Y U Y U U U U Y N 

Ho, et al., 1998 U Y Y Y Y Y Y Y Y Y U U N Y 
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Hoilund-Carlsen, et al., 2005 U N Y Y Y Y U Y U Y U U N N 

Hoilund-Carlsen, et al., 2007 Y Y Y Y Y Y Y Y N Y Y U Y Y 

Hosokawa, et al., 2008 N N Y U Y Y Y Y U Y Y N Y Y 

Hung, et al., 1984 Y Y Y Y Y Y Y Y Y Y Y U Y N 

Jenkins, et al., 2010 Y Y Y Y Y Y Y Y Y Y Y U Y Y 

Johansen, et al., 2004 U Y Y U N N U Y N Y U N N N 

Johnson, et al., 2004e N Y Y U Y Y Y Y Y N Y U N N 

Kaminek, et al., 2001 U N Y U Y Y Y U N U U U N N 

Kiat, et al., 1990 U N Y Y N Y Y Y Y Y Y U N N 

Klem, et al., 2008 Y Y Y Y Y Y Y Y Y Y Y Y N Y 

Koide, et al., 2001 Y Y Y Y Y Y Y Y Y Y U Y N Y 

Langer, et al., 2009 U Y Y Y Y Y Y N Y Y Y U Y Y 
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Laurienzo, et al., 1997 Y Y Y Y Y Y Y Y Y U Y U N Y 

Lehmkuhl, et al., 2007 Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

Lewandowski, et al., 2007 Y Y Y Y Y Y Y Y U Y U U N N 

Lewis, et al., 1999e Y Y Y U Y Y Y Y Y Y Y Y Y N 

Lewis, et al., 2005e Y Y Y U Y Y U Y Y Y Y Y Y Y 

Lu, et al., 2010 Y Y Y Y Y Y Y Y Y U U U N Y 

Maffei, et al., 2010 Y Y Y U Y Y U Y Y Y U U Y Y 

Majstorov, et al., 2005 U N Y Y Y Y U U N Y Y U N N 

Mak, et al., 1995 Y N Y Y Y Y Y Y Y Y Y Y Y U 

Marwick, et al., 1993 U N Y Y Y Y Y Y Y Y Y U N N 

Marwick, et al., 1995 U Y Y N Y Y Y Y U Y Y U Y N 

Masini, et al., 1988 U U Y U Y Y Y U U U U U Y N 
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Mazeika, et al., 1992 Y N Y U Y Y Y Y Y Y Y U N N 

Merkle, et al., 2010 Y Y Y U Y Y Y Y Y Y Y U N N 

Michaelides, et al., 2007 U N Y Y Y Y Y Y U Y Y U N N 

Mieres, et al., 2007 U Y Y Y N Y Y N N Y Y N N Y 

Miller, et al., 2001 Y Y Y Y N Y Y Y Y U U Y N N 

Mohiuddin, et al., 1996 Y Y Y Y Y Y Y Y Y Y Y U N N 

Morise, et al., 2000 Y Y Y Y N Y Y Y Y Y Y Y N N 

Morise, et al., 1995-A U Y Y N N Y Y Y Y U U U N N 

Morise, et al., 1995-B U N Y Y Y Y Y N Y Y Y Y N N 

Morise, et al., 2002 Y Y Y Y Y Y Y Y U Y Y N N N 

Morise, et al., 2004e U Y Y U U Y U U U U U U Y U 

Nascimento, et al., 2008 Y Y Y N N Y Y N Y Y Y U N N 
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Ozdemir, et al., 2002 Y Y Y U Y Y Y Y Y Y U U N N 

Pundziute, et al., 2008 U Y Y Y Y Y Y Y U Y Y U Y Y 

Raman, et al., 2008 U Y Y U N U U Y U Y U U Y N 

Richardson, et al., 1995 N Y Y Y Y Y Y Y Y U U U N N 

Robert, et al., 1991 U Y Y U Y Y U Y U U U U N N 

Roger, et al., 1997 U N Y N N Y Y Y Y Y Y U N N 

Rollan, et al., 2002 U Y Y U Y Y U U U U U U N N 

San Roman, et al., 1998 U Y Y Y Y Y Y Y U Y Y N Y N 

Sanfilippo, et al., 2005 Y Y U U U N N Y N Y U N Y N 

Santana-Boado, et al., 1998 U N Y Y Y Y Y Y Y Y Y Y N N 

Sawada, et al., 1989 U Y Y Y Y Y Y Y U Y Y U Y N 

Schupbach, et al., 2008 U N Y Y Y Y Y Y U Y Y U N N 
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Severi, et al., 1994 Y Y Y Y Y Y Y Y Y Y Y Y Y N 

Sharir, et al., 2000 U N Y U Y Y Y Y U U U U N N 

Shaw, et al., 2011f N Y U Y N N N Y Y Y U U U Y 

Shi, et al., 2007 U N Y Y U Y U Y N U U U U N 

Shin, et al., 2003 U Y Y Y Y Y Y Y U Y U N N N 

Shivalkar, et al., 2007 U Y Y Y Y Y U Y Y U U U Y U 

Siegler, et al., 2011 Y Y U Y Y Y Y Y Y Y Y U U N 

Sinha, et al., 2008 Y Y Y Y Y Y Y N N U U U N N 

Sketch, et al., 1975 U N Y U Y Y U Y U U U U U N 

Slavich, et al., 1996 U Y Y Y Y Y U Y U Y U U N N 

Slomka, et al., 2007 U N Y Y Y Y Y Y U U U U N N 

Slomka, et al., 2005 U N Y Y Y Y Y Y U Y Y U U N 
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Svart, et al., 2010 U N Y N Y Y Y Y Y U U U N N 

Taillefer, et al., 1997 U N Y U Y Y Y Y Y Y Y N N N 

Takeuchi, et al., 1996 U Y Y Y Y Y Y Y U Y Y U Y Y 

Travin, et al., 2000 U U Y U Y Y Y Y U Y Y U Y N 

Van Train, et al., 1994 U N Y U Y Y Y Y Y Y Y U Y N 

Vashist, et al., 2007 U Y Y Y Y Y U U U U U U U N 

Weiner, et al., 1985 N N Y Y Y Y Y Y Y Y Y U Y N 

Weiner, et al., 1979 U N Y Y Y Y Y Y Y U U U N N 

Weustink, et al., 2007 N Y Y U Y Y Y Y U Y Y U Y N 

Weustink, et al., 2009 Y Y Y U Y Y Y Y Y Y Y U N N 

Williams, et al., 1994 Y N Y U Y Y Y Y Y Y Y U Y N 

Wolak, et al., 2008 U Y Y Y Y Y U Y U Y U U U N 
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Wong, et al., 2001 U N Y U N N Y N N U U U N N 

Yamauchi, et al., 1985 U Y Y U Y Y Y Y U U Y U N N 

Yeih, et al., 2007 U N Y Y U Y Y Y U Y U U N Y 

Totals               

Y = Yes (low risk for bias) 36 66 100 65 84 96 81 91 56 71 56 20 34 22 

N = No (high risk for bias) 10 35 1 7 15 7 4 7 11 3 3 12 61 79 

U = Unclear 58 3 3 32 5 1 19 6 37 30 45 72 9 3 
aRefer to Appendix B in this report for the 14 QUADAS questions. (For full details on QUADAS methodology, see: http://www.biomedcentral.com/1471-
2288/3/25.) 
bRelated methods article: Dewey, et al., 2006 (refer to Appendix C for full citation). 
cRelated methods article: Miller, et al., 2009 (refer to Appendix C for full citation). 
dRelated methods articles: Meijboom, et al., 2007 and Meijboom, et al., 2008 (refer to Appendix C for full citations). 
eRelated methods article: Merz, et al., 1999 (refer to Appendix C for full citation).  
fRelated methods article: Mieres, et al., 2009 (refer to Appendix C for full citation). 
Abbreviations: N = No; U = Unclear , Y = Yes 
 



E-1 

 

Appendix E. List of Excluded Studies 
 

All studies listed below were reviewed in their full-text version and excluded. Following each 
reference, in italics, is the reason for exclusion. Reasons for exclusion signify only the usefulness 
of the articles for this study and are not intended as criticisms of the articles.  
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Ababneh AA, Sciacca RR, Kim B,, et al. Normal limits for left ventricular ejection fraction and volumes estimated 
with gated myocardial perfusion imaging in patients with normal exercise test results: influence of tracer, gender, 
and acquisition camera. J Nucl Cardiol 2000;7(6):661-8. Full-text exclusion reason(s): Study does not compare one 
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