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Abstract

The aims of the current statement are to refine the definition of quality in cardiovascular imaging 

and to propose novel methodological approaches to inform the demonstration of quality in 

imaging in future clinical trials and registries. We propose defining quality in cardiovascular 

imaging using an analytical framework put forth by the Institute of Medicine whereby quality was 

defined as testing being safe, effective, patient-centered, timely, equitable, and efficient. The 

implications of each of these components of quality health care are as essential for cardiovascular 

imaging as they are for other areas within health care. Our proposed statement may serve as the 

foundation for integrating these quality indicators into establishing designations of quality 

laboratory practices and developing standards for value-based payment reform for imaging 

services. We also include recommendations for future clinical research to fulfill quality aims 

within cardiovascular imaging, including clinical hypotheses of improving patient outcomes, the 

importance of health status as an end point, and deferred testing options. Future research should 
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evolve to define novel methods optimized for the role of cardiovascular imaging for detecting 

disease and guiding treatment and to demonstrate the role of cardiovascular imaging in facilitating 

healthcare quality.
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Quality in health care has been challenging to define but has evolved over the past several 

decades to represent adherence to sets of performance measures associated with outcomes 

for specific treatments. Quality for cardiovascular imaging, however, is currently not well 

defined. Historically, the term quality in cardiovascular imaging has had many meanings, 

including excellence in technical standards and interpretive acumen. The underlying premise 

in evaluating quality is that the procedure would lead to improved patient outcomes, 

including both a reduction in adverse health outcomes and an improvement in the patient’s 

experience. However, cardiovascular imaging has often lacked the depth and strength of 

quality evidence typically produced for cardiovascular therapeutic interventions. Moreover, 

there is a perception within the medical community that quality has 1 standard to be 

uniformly applied to both therapeutic interventions and imaging. Previous efforts to evaluate 

the quality of cardiovascular imaging have focused on structural and process measures of 

quality, as assessed by accreditation standards and patient selection through the development 

of appropriateness criteria. Although these represent important initial forays into improving 

quality, there is a need for a broader conceptual framework to ensure that the maximal value 

of cardiovascular imaging is being routinely provided and may be easily measured. 

Although therapeutic agents may have a direct impact on patient outcomes, the mechanism 

by which imaging tests improve outcomes is indirect and subject to multiple confounders 

affecting patient outcomes, including how physicians decide on which imaging test to order 

and how to use the imaging results in patient management. Defining how to measure quality 

in cardiovascular imaging is essential because imaging remains a widely used and 

potentially costly resource affecting all aspects of cardiovascular patient care.

For the imager, past standards of imaging quality focused on producing a timely and 

accurate report.1 In 2006, an intersociety conference of 53 professional societies met to 

discuss quality in imaging and produced a statement expanding on our previous limited view 

to define diverse metrics related to access, appropriateness, and patient safety.2 In the 

present statement from the American Heart Association (AHA) Clinical Cardiology 

Council’s Cardiovascular Imaging and Intervention Subcommittee in collaboration with the 

Council on Quality of Care and Outcomes Research, we propose to further refine the 

definition of quality in cardiovascular imaging and suggest novel methodological approaches 

to inform the demonstration of quality within future clinical trials and registries. It is our 

goal that indicators used to define quality in cardiovascular imaging will be used for 

improvement in patient care interventions and reporting, in research aimed at comparing the 

effectiveness of various imaging approaches, and in future policy broadly designed to 

enhance healthcare value with an understanding of outcomes relative to cost.
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Current Policies Related to Quality in Cardiovascular Imaging

Curbing high rates of growth in medical imaging has been the focus of policy initiatives over 

the past decade, with aims to control overuse and inappropriate procedural use patterns. The 

strain on the healthcare system resulting from increasingly high costs related to 

cardiovascular imaging volume was unsustainable without concurrent programs focused on 

constraint or reductions in imaging growth.3 The consequential policies for controlling 

cardiovascular imaging included initiatives for decreasing procedural reimbursement, use 

management (such as previous notification and authorization) programs, and the 

development of appropriate use criteria to identify optimal candidates for testing within all 

of the conventional imaging modalities.4,5

Evidence across health plans reveals substantial variability in the type of modalities used and 

differing frequencies of follow-up or serial testing patterns.6–9 The wide variability in use, 

particularly for expensive imaging modalities, has contributed to sociodemographic 

disparities for regions of low-compared with high-use patterns.6 Some of the patterns in 

regional variation may be a result of a variable workforce of imagers, expertise, and imaging 

equipment.10 In 1 report using Centers for Medicare & Medicaid Services Physician 

Supplier Procedure Summary Master Files (1998–2007), cardiovascular imaging had the 

greatest variability in use: as high as a 70.2-fold difference between high- and low- use 

regions of the country.11 In a recent statement from the American College of Cardiology and 

AHA on use and costs associated with cardiovascular imaging, high-use rates were not 

driven by any identifiable clinical need or increasing risk within a given population.12 

Rather, it has been stated that use patterns for imaging have been influenced by the 

economic potential of a test for market penetration.13 The variability in use of noninvasive 

cardiovascular imaging was evaluated by Safavi et al14 in the Premier registry of 224 

hospitals. They observed that among patients with suspected ischemia, the rate of imaging 

ranged from 0.2% to 55.7% and that hospitals with higher rates of ischemia testing also 

more often used invasive coronary angiography. Although some of the observed variability 

can be attributed to differences in patient case mix, these results highlight a critical need to 

clarify which patients referred for testing are most (and least) likely to experience a benefit 

from such testing.

Defining Quality in Cardiovascular Imaging

For a cardiovascular imaging procedure, defining quality is complex because it relates to 

multiple dynamic variables, including the appropriateness of the initial referral decision, the 

equipment used or available, the use of standardized imaging protocols and reporting, the 

accuracy of image interpretation, and the likelihood that imaging results will be directly tied 

to subsequent patient management (Figure 1). These are additive and essential components 

for achieving high-quality imaging. Along the diagnostic evaluation pathway, any one of 

these components can be variably performed and result in missed opportunities for achieving 

optimal patient outcomes or reducing costs. Although imaging findings often play a 

prominent role in the patient’s course of care, quality parameters are not routinely tracked, 

and to date, knowledge is lacking about the clinical sequelae in populations receiving poor- 

and high-quality imaging-guided care. Although we currently have widespread 
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implementation of electronic health records, there is a lack of interoperability across 

imaging and patient records that contributes to silos of evidence that are rarely combined to 

measure imaging quality and to prevent overuse and duplication of services.

No single definition can comprehensively define quality in imaging; however, there have 

been several efforts to devise an analytical framework that distills core components of a 

working definition of quality in other aspects of health care. Several earlier statements on 

quality of cardiovascular imaging have been published, and the present document aims to 

expand on these reports.15–18 One of the most prominent analytical frameworks put forth is 

that from the Institute of Medicine whereby quality was defined with 6 key domains. These 

key dimensions of quality healthcare delivery include testing that is safe, effective, patient-

centered, timely, equitable, and efficient.19 The implications of each of these components of 

quality health care are as essential for cardiovascular imaging as for other areas within 

health care and are highlighted in the following sections.

Safety

For each of the commonly used cardiovascular imaging modalities, safety issues exist (eg, a 

black box warning for intravenous contrast use for echocardiography). Even for exercise 

treadmill testing (with or without imaging), there is a very small but definable safety risk.20 

From the 2001 AHA statement on exercise testing, incident myocardial infarction or sudden 

cardiac death occurs in 0.005% of tested patients.21

The AHA has focused several statements on radiation safety.22,23 Guiding principles for the 

use of imaging procedures exposing patients to ionizing radiation include justification, dose 

optimization, and dose limitation.24 Justification for procedural use is based on guideline-

derived clinical indications and appropriateness criteria from the American College of 

Radiology or American College of Cardiology.4,25,26 The Society of Cardiovascular 

Computed Tomography and American Society of Nuclear Cardiology have guidance 

statements on optimization of radiation dose reduction techniques that should be used 

uniformly for all patients.27–29 Across cardiovascular computed tomography (CT) and 

nuclear imaging procedures, there have been marked reductions in radiation dose over the 

past decade.28,29 The application of high effective doses of ≥20 mSv is strongly discouraged 

and should be tracked.30 In a recent report from the Intersocietal Accreditation Commission 

Data Repository, 9.6% of 1074 nuclear cardiology laboratories had a median dose ≥20 mSv.
31 The identification of laboratories with high median dose patterns should prompt quality 

assurance programs and initiation of laboratory-wide dose reduction strategies. A goal for 

nuclear cardiology laboratories set by the American Society of Nuclear Cardiology was a 

median dose of ≤9 mSv, achieved largely through greater use of stress-only imaging and 

elimination of dual-isotope myocardial perfusion single-photon emission CT (rest 

thallium-201 and technetium-99m for stress at 24 mSv).32 Recent guidance documents also 

support imaging with the lower exposure, rest/stress positron emission tomography with 

rubidium-82 or N-13 ammonia (≈2–3 mSv).30,33 However, in this recent report from the 

Intersocietal Accreditation Commission Data Repository, only 1.5% of nuclear cardiology 

laboratories met the goal of a median dose of ≤9 mSv.31 Many single-photon emission CT 
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laboratories have aging equipment that is not suitable for reducing patient doses without 

software or hardware upgrades.34

Accreditation of imaging laboratories such as through the Intersocietal Accreditation 

Commission, American College of Radiology, or The Joint Commission helps to ensure that 

appropriate quality and dosing standards are met. Laboratory dose patterns should be tracked 

with registries such as the American College of Radiology’s Dose Index Registries to ensure 

adherence to recognized radiation dose limitations and to allow national benchmarking 

(stratified by body part, examination type, geographic region, and facility type [eg, academic 

versus community hospital]).35 Via these benchmarking capabilities, diagnostic reference 

level values (defined as the 75th percentile of the histogram of aggregated dose data) should 

be derived from the distributions of dosimetric quantities observed.36,37 To date, the Dose 

Index Registries contain >20 million scans from >1000 radiological facilities,36 are certified 

as a Qualified Clinical Data Registry for the Centers for Medicare & Medicaid Services’ 

Physician Quality Reporting System, and meet The Joint Commission’s dose incident 

identification review and external benchmarking requirements.38

Other safety measures should also be included when imaging is applied by nonimagers (eg, 

bedside echocardiography).

Appropriateness

Appropriate imaging involves the use of testing within a given indication with supportive 

high-quality evidence. For cardiovascular imaging, appropriate testing requires a link to our 

body of evidence to comprehend the test-guided strategy of care as it is relevant within a 

given indication for the procedure. There are appropriate use criteria from the American 

College of Cardiology and appropriateness criteria from the American College of Radiology 

with a primary aim of limiting the use of rarely appropriate or inappropriate indications.4 

Reports vary, but ranges of rarely appropriate indications from 16% to 45% have been 

reported (ie, for single-photon emission CT imaging),39–41 and elimination of such 

inappropriate testing could provide tremendous cost savings to the healthcare system.42–46 

Alterations to the appropriate imaging definitions have implications to the rate of 

inappropriate or rarely appropriate indications and are important considerations for tracking 

purposes with electronic health records. Moreover, the relations between appropriate use 

criteria and clinical outcomes are not well defined. From a recent series, appropriate 

indications identified a higher-risk patient subgroup (hazard ratio for cardiac death or 

myocardial infarction, 3.7; P=0.006) and that documentation of stress-induced ischemia led 

to higher use of invasive coronary angiography and revascularization.41 Conversely, 

inappropriate testing in lower-risk cohorts harmed by such testing has not been documented. 

How appropriate indications could improve processes of care and ultimately outcome should 

be the focus of future research endeavors.

Consensus across imaging societies reveals certain indications when resource use should be 

minimized such as with the American Board of Internal Medicine’s Choose Wisely 

Program.
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Patient-Centeredness

Patient-centeredness entails a mutual engagement and partnership among patients, their 

families, and healthcare providers (Figure 2). Cardiovascular medicine strategies are often 

algorithmic and aim for adherence to guideline-directed care. The tracking of variable 

outcomes, appropriate use criteria, and performance measure patterns exemplify recent 

efforts to understand population management. These remain important, but a primary focus 

of testing is the care of a given patient. It remains vital not only that patient care reflect 

state-of-the-art decision making but also that the patient is fully engaged in the strategic 

planning of his or her care. Patient engagement requires collaboration and shared decision 

making but is challenging within an imaging environment in which only the primary care 

physician has the patient’s complete medical history and in which imaging laboratories may 

be intimidating to a patient. Moreover, health literacy, notably numeric literacy, is vital to 

understanding the value of a test on the basis of the patient’s clinical condition and how test 

results affect clinical decision making.22 Laboratories that tailor educational materials, 

including educational videos, to diverse patients with various educational backgrounds and 

languages improve patient comprehension. Standardized discussions led by laboratory staff 

should facilitate patient understanding of the reason for the test, the process of the imaging 

procedure, and how it may affect the patient’s care. Emotional support for the patient during 

the procedure should be provided by all staff and imagers. Although who is primarily 

responsible for discussing the imaging findings with the patient remains uncertain, a follow-

up visit with the patient’s primary care provider or specialist should be prompt and remains 

important to provide communication about test findings and for the development of a future 

pathway of care.30 A major focus of patient-centeredness is for the imager to fully engage in 

care coordination. In addition, continued efforts must be made to ensure that referring 

physicians understand how to integrate the results of any test appropriately into downstream 

therapeutic decision making.

From the stress imaging literature, a small proportion of patients with stress ischemia have 

follow-up changes in medical management or downstream referral to invasive angiography.
47–49 Similarly, fewer than half of patients with moderate to severe ischemia on myocardial 

perfusion imaging or obstructive coronary artery disease (CAD) on coronary CT 

angiography (CTA) are referred to invasive angiography.48 Although there may be legitimate 

reasons for a lack of change in patient management, these data suggest a disconnect between 

an imaging procedure and follow-up visits and therapeutic intervention. Further data on the 

timing and effectiveness of follow-up visits and patient satisfaction with care and testing 

during his or her episodic evaluation are necessary components of future research.

Timeliness

Delays in implementing changes in management after testing decrease the likelihood that the 

test will affect patient outcomes, and timeliness varies widely across healthcare systems and 

practices. As an example, the 1-month delay in treatment change observed in the SCOT-

HEART trial (Scottish Computed Tomography of the Heart) may have contributed to the 

failure of the trial to show a reduction of cardiac events in the CTA arm of the trial.50 This is 

typical of care within the UK National Health Service and may be less relevant in the United 

States but serves as an example of the issue of timeliness. Another example is delays in 
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referral to invasive angiography from 6 to 24 months.47 The documentation of clinically 

worsening states, including visits to the emergency department, in the interim between 

testing and follow-up evaluation is an important component of documentation of delays 

within the diagnostic evaluation. Assurance of a timely referral or an office visit is an 

important indicator of quality health care. Direct communication from the imager to the 

referring physician and, in turn, to the patient effectively explaining the findings and 

allowing a discussion of a future planned strategy of care based on imaging findings is vital 

to timely care. Ultimately, timely communication should immediately prompt 

communication at the time of the index evaluation between the imager and patient.

Effectiveness

Effectiveness of cardiovascular imaging may be defined by examining the extent to which 

test findings promptly lead to guideline-directed care, thus defining postimaging strategies 

of care providing the link between a test and directed therapy that may improve patient 

outcomes. Using the SCOT-HEART50 trial (n=4146 patients randomized after an index chest 

pain evaluation [including exercise electrocardiography in 85% of enrollees] to standard care 

versus CTA-guided care), a post-hoc analysis revealed that CTA led to a 3- to 12-fold higher 

initiation of new preventive therapies and was associated with a 50% relative risk reduction 

for myocardial infarction compared with standard care (P=0.02). The National Institutes of 

Health–National Heart, Lung, and Blood Institute–sponsored PROMISE trial (Prospective 

Multicenter Imaging Study for Evaluation of Chest Pain) similarly reported more initiation 

of aspirin, statins, and β-blockers among patients randomized to CTA with obstructive CAD 

compared with those with an abnormal functional study.51 Although hypothesis generating, 

the SCOT-HEART results, subsequently validated in a national Danish cohort,52 suggest that 

linked therapeutic intervention after an imaging procedure may positively affect patient 

outcomes.

There are numerous examples of potential effectiveness measures, including the extent to 

which a given procedure reduces clinical worsening (eg, emergency department visit for 

symptom instability) or improves patient symptoms. Some have proposed that the rate of 

normal invasive coronary angiography may also be used as a measure of test effectiveness 

because 59% of patients undergoing elective coronary angiography have previous 

noninvasive testing but no obstructive CAD.53,54 The extent to which a newly introduced 

imaging procedure may improve the identification of obstructive CAD or a reduced 

fractional flow reserve remains important to guide appropriate referrals to invasive coronary 

angiography. A pooled analysis from 3 recent randomized trials reveals that the diagnostic 

yield for detection of angiographic obstructive CAD (ie, positive predictive value) after 

abnormal test findings is higher with CTA (71% of 1047) than with stress testing (52.5% of 

819).55

Equitability

Decades of evidence supports sex, racial, and ethnic differences in the quality of care 

received, including reduced stress testing and angiography rates, which contribute to 

worsening clinical outcomes commonly observed among diverse population subgroups.56–60 

An all-encompassing term for this is social determinants of health, which include important 
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population subgroups and the influence of access to care, limited financial means, and other 

factors affecting clinical resource use and outcomes. Standardized care remains vital to 

providing equitable care across our diverse patient populations. Improvements in 

cardiovascular mortality, for example, among women have been attributed to the 

implementation of guideline-directed care and the tracking of performance measures.61 

Reasons for ineffective care for women and men from diverse races and ethnicities are 

multidimensional and include sociocultural preferences, educational background, financial 

resources and preferences, distance to healthcare facilities, having a usual source of health 

care, and many others that will affect the use and follow-up of imaging services. 

Interoperability of imaging databases with follow-up documentation of clinical management 

within the electronic health record is an important means to document and track health 

equity in the use of cardiovascular imaging procedures across a given clinical indication for 

testing.

Efficiency

The definition of efficiency varies throughout the published literature but often includes the 

fewest resources (or costs) associated with a given diagnosis or time period. Cost savings, in 

particular as they relate to comparing a higher-with a lower-cost procedure, have been 

reported.47,62,63 There have been examples of efficiency with randomized trials comparing 

CTA with usual testing strategies in the evaluation of acute, low-risk chest pain in the 

emergency department.64–68 Moreover, cost savings have been reported when CTA is used 

in the emergency department in large part because of a prompt discharge and accurate 

exclusion of CAD.68 A synthesis of this evidence reported that a strategy of CTA compared 

with usual testing resulted in reduced time to diagnosis of ≈8 hours.66 When the emergency 

department evaluation leads to hospitalization, CTA often is followed by invasive coronary 

angiography and revascularization, which further add costs to the evaluation strategy.67 

Thus, the early cost savings may be eliminated when ensuing hospital costs are considered. 

In general, the early discharge after CTA does not result in increased near-term readmissions 

for an acute coronary syndrome (odds ratio, 1.2; 95% confidence interval, 0.7–2.2).66

Moreover, serial or routine testing without clinical indications is an important example of 

inefficiency within cardiovascular imaging. Deferred testing options are increasingly 

discussed as a potential alternative to our current approaches of prompt imaging.55 The 

imaging community has already focused on deferred testing through the elimination of 

routine or periodic evaluations (ie, yearly stress testing) for the stable patient. In lieu of 

serial testing, symptom-guided re-evaluation is considered an accepted indication for 

retesting.4

Efficiency may also be defined as cost minimization or savings while achieving equivalent 

outcomes to ensure preservation of quality of care. Near-term reductions in cost should not 

be observed as advantageous when higher long-term costs or resource patterns also occur. 

The shifting of costs to a later time period should be carefully differentiated on the basis of 

indications for testing related to repeat, but potentially unnecessary, testing to procedural use 

associated with clinical worsening states. Examples of cost savings include using stress 

imaging as an index diagnostic procedure compared with direct coronary angiography or 
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applying CTA in the immediate evaluation of low-risk chest pain.64,68–70 An important 

consideration for calculation of cost savings is that tracking should include the cost 

consequences of induced care and testing patterns after the initial imaging procedure.71

In summary, each of the above indicators provides a framework for defining quality of 

imaging. This set of quality indicators is multidimensional and distills portions of care with 

minimal overlap because each contributes uniquely to optimal patient care. Each of these 

indicators can be applied not only to the care of the individual patient but also for population 

management. With regard to the latter, there are few performance metrics or quality 

reporting measures in cardiovascular imaging, but they may be helpful for quality assurance 

purposes.72 The extent to which laboratory practices with imager leadership adhere to each 

of these indicators is of primary concern. Later in this statement, we review each of these 

quality indicators and suggest metrics to be applied in clinical practice and in research. In 

the remaining sections, we propose how each of these components should form the basis for 

future clinical research and clinical registries for demonstration of high-quality 

cardiovascular imaging practices.

Quality Framework for Cardiovascular Imaging Research

Figure 3 details the hierarchy of evidence for cardiovascular imaging. Ranking the quality of 

cardiovascular imaging evidence is based largely on the selectivity or bias related to the 

enrolled patient series and the face validity of the primary aim results. For single-site or 

smaller patient series, selection bias is operational, and the generalizability of the findings is 

limited to patients similar to those included in the reported series. As the range of centers 

and the diversity of patient enrollment increase across modalities and multiple enrolling 

centers, generalizability of the study findings is enhanced.

For the purposes of Figure 3, a randomized trial is at the top of the hierarchy with the 

potential for the highest quality of evidence; however, selectivity in enrollment is 

problematic for this type of study design. A major benefit of a randomized trial is the 

potential to answer the clinical hypotheses without the need (generally) for multivariable 

risk adjustment or covariate consideration, as is the case for observational series. The 

traditional end points such as death or myocardial infarction occur less often in stable patient 

cohorts and affect much of imaging populations. Randomized trials in lower-risk, stable 

populations require substantially larger sample sizes. Moreover, cost analysis often lacks a 

depth of detail or the collection of actual healthcare system billing data and may rely on 

decision analytic modeling (ie, simulations). Additional considerations for a randomized 

trial are the much higher expense associated with a trial and the historic lack of funding in 

imaging trials.

Although multimodality registries are considered second-tier evidence, in many scenarios, 

the findings from such data can provide tremendous insight into real-world cardiovascular 

imaging practices, with the result being more generalizable to patient subgroups who are 

less likely to be enrolled in clinical trials. The depth of high-quality evidence for any 

cardiovascular imaging procedure can foster a greater knowledge base to inform imaging-

guided strategies of care.
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Pragmatism in Cardiovascular Imaging Research

The ideal framework for the evaluation of quality in cardiovascular imaging is one that 

emulates the real-world environment such that the findings can be easily assimilated into 

daily clinical practice. This focus on deriving real-world evidence has been a motivating 

force for the emergence of pragmatic trials or registries. A pragmatic trial may be defined as 

that which includes broad eligibility criteria and minimal guidance for postrandomization 

clinical care such that the findings emulate everyday clinical practice.73 A pragmatic trial is 

one that emulates real-world practice and relies on local image interpretation and local 

physician-guided care. The benefits of and challenges with pragmatic trials are highlighted 

in this section. The rationale for pragmatism in a trial is based on the well-documented 

selectivity in enrollment of previous randomized trials, reflecting a limited proportion of the 

denominator of eligible patients. The ratio of enrolled to eligible patients may be as little as 

10%.74 When trial enrollment is overly selective, the trial may be viewed as examining 

efficacy (ie, in a laboratory or restricted research setting where testing and treatment may be 

outside the standard of care [experimental]) or findings emulating an ideal environment and 

not effectiveness that reflects the usual care setting.75

Pragmatism in clinical research must foster or evaluate adherence to each of our key quality 

indicators for cardiovascular imaging. The suboptimal but real-world rates of appropriate 

testing and guideline-directed care hinder strategies that improve patient outcomes. 

Maintenance of quality cardiovascular imaging practices within the clinical research 

environment remains a vital aim of current clinical trial designs. The pragmatic framework 

may not be optimal for the applications of all clinical hypotheses, as recently reviewed by 

Ford and Norrie.73 Specialty-based imaging requires a complex knowledge base, the 

interaction of multiple stakeholders, and variable practice patterns that may be less suited to 

pragmatic approaches within clinical research. Moreover, the efficacy of imaging-guided 

management in many cases is not well established, and embarking on more traditional 

approaches, including selective enrollment, the use of core laboratories to document imaging 

findings, and a more structured approach to posttest care, may provide important stepping 

stones to develop effectiveness research within cardiovascular imaging.

Embedded Randomized Trials

It has been suggested that trials embedded within disease-specific registries with proven 

enrollment from seasoned investigators may serve as an optimal environment for answering 

specific imaging-related hypotheses.73 This would include enrollment of patients from 

within the clinical workflow of an imaging laboratory and with randomization within the 

electronic health record. Thus, a patient may present to an imaging laboratory, and his or her 

testing and care pattern may be guided in the patient’s electronic record to 1 arm of the trial, 

while another patient may be allocated to a varied testing and treatment approach. All of this 

would be completed electronically. Using this approach of an embedded trial, the 

investigators may have a run-in period for observing enrollment patterns and posttest 

management approaches to ascertain the feasibility of the trial and the potential for true 

equipoise for the proposed clinical trial aims.
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Optimal Follow-Up and the Episode of Care

Additional considerations for cardiovascular imaging research include a targeted follow-up 

that resembles the episode of care and provides a sufficient observation time period to 

answer the primary hypothesis and to report any adverse consequences after randomization. 

Recent randomized trials in the emergency department for the evaluation of low-risk chest 

pain have been criticized for a limited duration of follow-up from only 28 days to 6 months.
64–68 The enrolled population must reflect those typically referred to the imaging procedure. 

Careful review of clinical characteristics of enrolled patients (eg, age, risk factor burden) and 

observed clinical outcome rates can provide insight into whether the trial included a lower- 

or higher-risk patient subset, an important consideration for trial generalizability. There will 

be selectivity or bias in the enrollment of lower-risk patients, which may lead to 

underestimation of the effect of a strategy on patient outcomes. Enrollment should emulate 

population diversity to allow validation of findings across targeted priority populations of 

racially and ethnically diverse subgroups of women and men.

Figure 4 details critical components of high-quality cardiovascular imaging research. The 

clinical hypothesis includes an emphasis on evidentiary gaps and unmet clinical needs that 

may broadly affect a large population subgroup. The clinical end points include a broad 

range of acceptable outcomes, including clinical worsening and disease progression. 

Moreover, the diverse patient-centered outcomes used in clinical research projects are 

highlighted in Figure 4. The importance of targeted patient enrollment that fulfills the 

primary and secondary hypotheses of the research endeavor is also emphasized, including 

patients of diverse race and ethnicity.

Patient-Centered Outcomes and Optimal Cardiovascular Imaging End 

Points

Increasingly, there is growing consideration for the measurement of diverse outcomes in 

cardiovascular imaging research, including sentinel events that are most relevant to patients. 

Our previous discussion on effectiveness prioritizes the use of clinical end points that may 

be quantified such as mortality or myocardial infarction. This has been the historic approach 

for outcomes assessment, and the use of other important outcomes such as patient-reported 

symptoms was less favorable because of their subjective nature. There is emerging evidence 

for a focus on patient-reported outcomes (PROs) as part of a comprehensive strategy of care.
76,77 In cardiovascular medicine, patient symptoms and other quality-of-life measures have 

been studied, in particular their importance for therapeutic symptom reduction (eg, a major 

goal of percutaneous coronary intervention in stable CAD is improving patients’ symptoms, 

physical functioning, and quality of life).74,78 A focus on a broader range of self-reported 

outcomes may capture the clinical reasons why cardiovascular imaging is being conducted 

and improve patient-centeredness in clinically effective care. This section focuses on the 

emerging tools for PROs as measures of quality as supported by a recent report by a 

National Quality Forum staff member76 and a statement from the National Quality Forum.77

Although we define this section as patient-centered outcomes, this is also called patient-
reported outcomes, which reflect the self-narration of health status measures without 
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interpretation by a clinical researcher. Examples include symptoms, functioning, and overall 

well-being. Questionnaires collecting PROs can be generic or disease specific. Commonly 

used disease-specific measures in cardiovascular medicine include the Seattle Angina 

Questionnaire and the Kansas City Cardiomyopathy Questionnaire to capture the impact of 

coronary disease and heart failure on a patient’s health status.79,80

Given the large number of patients undergoing cardiovascular imaging, the use of end points 

characterizing progressively worsening conditions or clinical worsening has advantages as a 

near-term outcome compared with mortality, which may be realized only with lengthy 

observational follow-up and can be influenced by factors other than those warranting the 

original imaging study. Recent efforts to categorize standard PRO measurement sets have 

been undertaken, such as the International Consortium of Health Outcomes Measurement.81 

Standard sets for cardiovascular PROs may more clearly define the role and value of 

imaging in patient care and should ideally be routinely collected.

This recent focus on health status as an important consideration for cardiovascular imaging 

research is consistent with patient-centered outcomes research or, for this statement, patient-

centered imaging. Patient-centered outcomes were first advocated by Donabedian,82 who 

defined the quality of health care as more than technical excellence but also interpersonal 

care, including meeting the emotional needs of patients and keeping within their 

preferences. More recently, patient-centered outcomes research has focused on patients as 

active stakeholders throughout the process of evidence development and technology 

evaluation. For cardiovascular imaging, this would include prioritizing of research that 

evaluates clinical management and testing options that are important to patients. It would 

also include an adaptation of data to address patient-centered effective implementation of 

scientific findings into real-world clinical environments. Important considerations for 

patient-centered outcomes research as applied to cardiovascular imaging are detailed in the 

Table.83 A novel part of patient-centered outcomes research is the burgeoning concept of the 

patient-scientist collaboration for priority setting, proposal development, and valuation of 

the research findings as they relate to improved patient-centered imaging. Moreover, the use 

of a patient-specific informed consent for cardiovascular imaging may further support the 

concept of patient-centered imaging.

Improving Patient Symptoms

Consistent with patient-centered outcomes, primary goals of improved symptoms or quality 

of life are valuable goals for cardiovascular imaging research. There are numerous examples 

of recent clinical trials using health status measures. For example, the CAPP trial (Cardiac 

CT for Assessment of Pain and Plaque) used improvements in angina as its primary end 

point,84 and the CECaT trial (Cost-Effectiveness of Noninvasive Cardiac Testing) had 

functional capacity as its primary end point.85 Insofar as patients seek care for the evaluation 

of symptoms, health status measurements are highly relevant clinical outcomes. From the 

perspective of patient-centered outcomes, the patient is often the best evaluator of changes in 

clinical status and can observe early signs or transitions within symptom characteristics and 

patterns. Figure 5 details the value of early capturing of patient-specific symptom 

transitioning states that may signal clinical worsening or precede an acute event. However, 
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the possibilities of symptoms waxing and waning and random variation also intertwine with 

cyclic variation in patient symptoms. More information should be devised for the 

relationship between imaging findings and patient-reported symptoms and quality of life.

Imaging-Guided Therapeutic Initiation and Intervention?

Several approaches to clinical hypotheses involve therapeutic or interventional efficacy. For 

these trials, imaging is used as a guide to the intervention but may not be how outcome is 

improved. One example was published from the Veterans Affairs–sponsored COURAGE 

trial (Clinical Outcomes Using Revascularization and Aggressive Drug Evaluation) in which 

serial myocardial perfusion single-photon emission CT before treatment and again at ≈1 

year demonstrated a reduction in ischemic myocardium after randomized treatment.86 

Additional examples include the use of cardiovascular imaging as an aid in assessing 

procedural success or complications and for documentation of disease progression or clinical 

worsening.

With the rapid development of new transcatheter approaches to valvular and structural heart 

disease, 3-dimensional imaging, including CT and echocardiography, have become central to 

determine device selection and sizing to optimize procedural outcomes. In this setting, 

imaging of the noncircular aortic annulus allows improved sizing and thus reduces the 

occurrence of paravalvular regurgitation and mitigates complications such as annular rupture 

and coronary occlusion. In the definition of quality in imaging in interventional procedures, 

imaging is used as a tool to assist procedural performance and to guide therapeutic 

intervention. Isolating the impact of imaging on patient outcomes of these complex 

procedures is difficult because of the multiplicity of factors, but whenever possible, studies 

should be designed to attempt to validate the incremental value of new imaging techniques.

Improving Outcomes and Test Effectiveness After Cardiovascular Imaging

The performance of a cardiovascular imaging procedure provides largely an indirect link to 

improve clinical outcomes. Improvements in patient outcomes may be realized when 

postimaging care is prompt and consistent with guideline-directed care. Thus, the 

intervening treatment initiation or modification is the rate-limiting link to improving the 

lives of patients after an imaging procedure. This link between imager and referring 

physician is critical to achieve optimal patient outcomes and communication about the 

recommended treatment.

Linking imaging with outcomes forms the basis for clinical effectiveness research. This 

framework of linking imaging to outcomes forms the basis for understanding clinical 

research designs aimed at improved patient outcomes and the effectiveness of cardiovascular 

imaging. Negative trials or registries can be expected when minimal change in patient 

management is observed after randomization regardless of the treatment strategy. The PET 

and Recovery Following Revascularization trial is an example in which a secondary analysis 

revealed a clinical benefit of treatment only for the subset adhering to 18F-

fluorodeoxyglucose positron emission tomography–assisted treatment recommendations 

(P=0.019).87 To date, comparative-effectiveness trials in imaging have not included 
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secondary hypotheses on adherence to guideline-directed care.55 Evolutionary trial or 

registry designs should be expanded to consider clinical outcome differences by varied 

therapeutic strategies of care, which may include imaging-directed treatment decisions. 

Noninferiority designs may prove useful by comparing the intensity of treatment strategies 

guided by cardiovascular imaging findings and usual care approaches. In some cases, 

documentation of physician certainty in the diagnosis may further contribute to adherence to 

and consistency in implementing guideline-directed care.50

Real-world use patterns for cardiovascular imaging reveal inappropriate referral patterns for 

cardiovascular imaging, suboptimal treatment guidance, and variability in use patterns. 

Innovative study designs are needed to embed links from cardiovascular imaging findings to 

guided treatment that is timely and appropriate. Because cardiovascular imaging use patterns 

support that treatment guidance is often lacking, trial designs cannot assume that appropriate 

care will ensue after the index cardiovascular imaging procedure.

Importance of Diverse Recruitment and Secondary Analysis Informing 

Equity in Cardiovascular Imaging

Imaging laboratories serve a diverse patient population, and enrollment in clinical trials and 

registries should be proportionally representative of racial and ethnic subgroups of women 

and men. If proportional enrollment goals are reached and the subgroups are sufficiently 

powered, then analysis should inform secondary analysis of research findings to unique 

patient subsets. Beyond race and ethnicity, the degree of comorbidity and pretest risk in a 

cohort should emulate typical referral patterns. Personalization of the research findings to 

targeted priority populations should be a critical aim and include both imaging and 

therapeutic strategies of care. The admixture of comorbidity, symptom characteristics, and 

risk factors affects the incidence of imaging abnormalities and clinical outcomes. Careful 

planning should be undertaken to achieve a balance between high rates of enrollment and 

achieving representative sampling of diverse patient groups. The ultimate goal of patient 

enrollment in research is to be equitable, inclusive, and representative of the patient 

population undergoing cardiovascular imaging.

Defining Value Within the Quality Imaging Framework

As our healthcare system enters an era of constrained resource use, cardiovascular imaging 

must be used only while focusing on quality of care resulting in improved outcomes and 

value.88,89 This approach of considering quality and then value may be defined as intelligent 

cost-effectiveness. Valuation of costs must be made by consumers and physicians within the 

framework of definable quality. The defining of value as it pertains to a fiscal choice 

includes a tradeoff in options that have yet to be evaluated by all stakeholders, including 

patients, physicians, governments, and private payers.

The goal of value-based analyses is to define opportunities for cost savings or improved 

deployment or allocation of efficient cardiovascular imaging procedures. Understanding the 

costs or resources allocated to a given patient population provides the primary framework 

for identifying economic savings. In some cases, the allocation of resources will vary on the 
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basis of clinical risk and imaging findings, and costs would be expected to be higher for 

higher-risk patients (and lower for lower-risk patients).

The most common aim of economic analysis is to calculate cost savings, efficiency, or 

minimization within a comparative analysis. Given the transition of US health care toward 

value-based reimbursement with bundled payments, the focus is on cost minimization 

without worsening patient outcomes. Cardiovascular imaging modalities are added to a 

given diagnostic evaluation, and as reimbursement shifts toward minimizing cost, selective 

imaging will be of primary importance. When the goal is to define minimal resources 

expended, variable approaches should be used, including no or deferred testing options. The 

defining of cost savings should be framed within standard resources applied on the basis of 

guideline-directed care. For example, invasive coronary angiography is indicated after 

moderate to high levels of stress ischemia detected on imaging. Thus, given this expected 

pattern of care, cumulative costs associated with guideline-directed care should be 

differentiated by a lack of follow-up testing, as indicated by clinical practice guidelines or 

appropriate use criteria. Moreover, standard costs associated with a given evaluation metric 

have yet to be defined but are important for identifying any pattern of excess cost and 

evaluation metrics that are cost appropriate but underused.

Beyond defining the costs of care, deterioration of a patient’s clinical status may confound 

calculation of the cumulative costs of strategies. Temporal patterns may exist as a result of 

near-term testing when the patient is stable or deferred testing when the patient develops 

clinical worsening or clinical instability requiring an immediate evaluation (eg, in the 

emergency department). Cumulative costs should differentiate deferred costs associated with 

clinical worsening from redundant or unnecessary repeat testing patterns occurring in the 

near term.90

Cost-effectiveness is commonly calculated as the cost per life-year saved with or without a 

quality adjustment. Recently, the American College of Cardiology/AHA task forces on 

performance measures and practice guidelines defined cost-effectiveness in terms of low 

(incremental cost-effectiveness ratio >$150 000 per quality-adjusted life-year saved) to high 

(<$50 000 per quality-adjusted life-year saved or better outcomes at lower costs of care) 

value.88 When cost-effectiveness modeling is based on expert opinion and simulated 

findings, the result may be divergent from real-world data and bias that reflects the data 

inputs. More recent clinical trials have used patient-specific resource use or mixed-model 

cost analysis whereby resource use data are collected and then nationwide or payer-specific 

costs are applied to the patterns of testing, treatment, and hospitalization.91 There are 

clinical scenarios in which the cost-effectiveness of imaging may be difficult to evaluate. 

First, there are fundamental differences between cost-effectiveness evaluations of imaging 

technologies and therapeutic interventions. In patients with disease, it may be easy to 

demonstrate the impact of an imaging test that guides the use of an effective therapy (eg, 

mitral valve replacement after echocardiographic diagnosis of severe mitral regurgitation). 

However, in patients without a disease, it could be difficult to quantify the benefit from the 

reassurance gained from a negative imaging test compared with no testing at all. Imaging 

may also reveal incidental findings of an unknown subclinical disease. In addition, regional 
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practices of imaging with variable reimbursement and use patterns influence overall cost 

inputs.

Knowledge Translation

Implementation science defines the degree to which clinical trial or guideline-directed 

evidence is assimilated into real-world practice and includes the development of novel 

approaches to improve knowledge translation into various clinical care settings. Such 

implementation programs may focus on behavior interventions or clinical decision support 

mechanisms for appropriate use of cardiovascular imaging or for imaging-directed clinical 

management strategies. The result is that documentation of poor adherence to high-quality 

evidence can identify gaps in optimal imaging use that provide opportunities for tracking 

quality. Consideration should be given to the adaptation of research findings to clinical 

testing strategies on the basis of not only positive trial or registry findings but also negative 

information. For example, the recently published Prospective Observational Longitudinal 

Registry of Patients With Stable Coronary Artery Disease Registry of 32 105 stable 

outpatients with CAD failed to report any association between ischemia and major 

cardiovascular outcomes, including death, myocardial infarction, or stroke.92 Findings from 

this registry contrast with expert imaging centers but may reflect real-world practice. These 

findings may reflect ischemia-guided treatment that alters its natural history or may reflect 

imprecision in interpretive acumen, which would then require a greater focus on the quality 

of image interpretation. Negative and positive research findings should prompt revisions to 

quality-based imaging practices. Future trials that may affect cardiovascular imaging 

practice include the National Institutes of Health–National Heart, Lung, and Blood Institute–

sponsored ongoing International Study of Comparative Health Effectiveness With Medical 

and Invasive Approaches trial. Eligibility criteria limit enrollment to patients with moderate 

to severe ischemia and CTA-defined obstructive CAD. Eligible patients are then randomized 

to a strategy of optimal medical therapy compared with cardiac catheterization with optimal 

medical therapy.93

Additional Considerations for Enhancing Cardiovascular Imaging– Guided 

Quality of Care

Effective Educational Programs

Educational programs aimed at informing patients and referring physicians about the 

imaging procedure and its clinical benefits and risks, along with how the results would be 

expected to alter treatment, should become routinely incorporated into clinical care. The 

goal is to improve appropriate referral patterns over the long term and patient and physician 

adherence to postimaging guideline-directed care, including empowering patients to be more 

educated participants in shared decision making for subsequent treatments.

Personalized Image Reporting

An additional approach to guiding care coordination is to optimize a set of parsimonious 

standardized reporting algorithms tailored to individual physicians and informed by patients’ 

needs within their evaluation algorithm. Such reports could include the execution of risk 
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models with patient-specific data to better define prognosis and the relative benefits of 

alternative treatment strategies. Although efforts have focused on a comprehensive 

standardized report, adherence is low, and parsimony and targeted responses to the clinical 

referral indication may streamline and improve effective patient clinical management.

Quality Metrics for Continuous Quality Initiatives

The key indicators of quality have the means to be tracked within interoperable electronic 

health records and to be incorporated into continuous quality initiatives for optimal image-

guided population management. For example, within safety, a proposed radiation exposure 

metric would be >90% of patients below the dose reference level for a given procedure. 

Measurement of adherence to each of the quality indicators for cardiovascular imaging 

within the electronic health record–embedded registries is an optimal means to define low- 

and high-performing laboratories.

The Quality Payment Program is part of the 2015 Medicare Access and CHIP 

Reauthorization Act, which repealed the Sustainable Growth Rate formula, a method that 

served as the underpinning of Medicare physician payment, established to control spending 

by Medicare on physician services. The Quality Payment Program sets reform for Medicare 

Part B payments with a primary aim of providing high-value, patient-centered care within 

the Medicare system.94,95 Within the Quality Payment Program, 2 tracks are available for 

physician participation (Advanced Alternative Payment Models and Merit-Based Incentive 

Payment System). For the majority of the estimated 600 000 participating physicians, the 

Merit-Based Incentive Payment System will be the standard to achieve compliance with the 

Quality Payment Program. Within this program, a payment adjustment is based on evidence-

based and practice-specific quality data. The Medicare Access and CHIP Reauthorization 

Act defines 4 performance categories: quality, cost, improvement activities, and advancing 

care information. Our discussion of the Medicare Access and CHIP Reauthorization Act is 

brief with regard to this ongoing program; additional guidance documents are available from 

the Centers for Medicare & Medicaid Services website. For our discussion, we now see 

operational opportunities for incentivizing high-value, patient-centered cardiovascular 

imaging and orchestrating high-quality imaging practices as a means to improve 

comprehensive strategies of care for patients.

Conclusions

Periodic evaluation of gaps in cardiovascular imaging evidence and targeted priorities of 

research should be undertaken within the imaging community, both within specific imaging 

societies and also broadly within the radiology and cardiology communities. In many cases, 

large trials and registries of real-world evidence are often considered complementary and 

definitive, even if the results are negative. This statement from the AHA’s Cardiovascular 

Imaging and Intervention Subcommittee in collaboration with the Council on Quality of 

Care and Outcomes Research provides a broad-based discussion of quality in cardiovascular 

imaging. The definition for quality in cardiovascular imaging was based on the Institute of 

Medicine’s key indicators: safe, effective, patient-centered, timely, equitable, and efficient. 

Moreover, we discuss the importance of patient-centered outcomes and introduce novel 
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methodological approaches to devising high-quality evidence in cardiovascular imaging. Our 

proposed statement may serve as the foundation for integrating each of the quality indicators 

for establishing designations of quality laboratory practices and as standards for value-based 

payment reform for imaging procedures.96

With regard to orienting future clinical research to quality in cardiovascular imaging, 

overarching clinical hypotheses of improving patient outcomes, the importance of health 

status as an end point, and deferred testing options in clinical research are important 

components of this statement. Future research should evolve to clarify appropriate methods 

optimized for the role of cardiovascular imaging for detection and for guiding treatment and 

to demonstrate the role of cardiovascular imaging in facilitating healthcare quality. 

Alternative research options should be explored, which may require approaches different 

from those for traditional effectiveness trials for therapies. Strategic priorities from patient 

stakeholders collaborating with the imaging community remain a vital means to define high-

quality evidence for cardiovascular imaging. The life cycle of evidence development for 

quality cardiovascular imaging practices is shown in Figure 6. As we learn from current 

imaging evidence, evolution in methodological approaches should prompt more refined 

approaches to defining the quality of cardiovascular imaging.
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Figure 1. 
Key indicators of quality in cardiovascular imaging.
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Figure 2. 
Imager care coordination.
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Figure 3. 
Hierarchy of cardiovascular imaging evidence.
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Figure 4. 
Critical components of high-quality cardiovascular imaging evidence.
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Figure 5. 
Refining appropriate end points for cardiovascular imaging research, including health status 

and symptoms, and associated sequelae, including variation in symptoms and risk of major 

coronary artery disease events. ACS indicates acute coronary syndrome.
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Figure 6. 
Life cycle of evidence development for quality standards for cardiovascular imaging.
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Table

Key Components of Patient-Centered Outcomes Research in Cardiovascular Imaging

Methodological considerations for randomized trials and observational research

 PROs (eg, angina, functional status)

 Assessment of benefits and risks (ie, safety, radiation exposure)

 Maintenance of representative sampling for targeted priority population subgroups

 Really informed consent, individualized

Effectiveness

 Clinically representative indications for cardiovascular imaging

Meaningful effect size

Heterogeneity of effectiveness

 “Given my characteristics, conditions, and preferences…”*

Patient-scientist collaborations

 Transparent involvement for setting priorities, proposal development, and valuation of the findings

PRO indicates patient-reported outcome.

*
Adapted from the Patient-Centered Outcomes Research Institute.83
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