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Susan A. Matulevicius, M.D., M.S.C.S., F.A.C.C., is an Assistant Professor of Internal Medicine 

in the Division of Cardiology. She is an active contributor to the noninvasive imaging program 

with both a clinical and research interest in cardiac MRI and its application to the understanding 

of right heart function in health and disease as well as in echocardiography and its contribution to 

high-value care. Dr. Matulevicius received her M.D. from the University of Pennsylvania where 

she completed internal medicine residency training. She then moved to Dallas and completed her 

cardiology and advanced cardiac imaging fellowships at the University of Texas Southwestern. 

She joined the faculty at UT Southwestern in 2009, successfully competed for a career 

development award from the American College of Cardiology Foundation/GE Healthcare to 

study the contribution of right atrial structure and function and pulmonary compliance to right 

heart function in systolic heart failure and obtained her Masters in Clinical Science. Dr. 

Matulevicius is a clinically active member of the echocardiography lab and it is through her 

clinical reading experience that she became interested in high-value care and use of diagnostic 

testing. She was the winner of the Jeremiah Stamler, M.D., Distinguished Young Investigator 

Award for her work on Appropriate Use Criteria and clinical impact of echocardiography. 

Purpose and Overview: 

The purpose of this presentation is to educate the clinician about the dramatic rise in the 

contribution of diagnostic testing to the cost of care, to discuss the concepts of overuse in the 

context of echocardiography, to evaluate the contribution of Appropriate Use Criteria to 

echocardiography, and to discuss roadblocks and potential solutions to combatting overuse of 

diagnostic testing in the provision of high-value health care. 

Educational Objectives: 

1. To describe the growth of transthoracic echocardiography over the past few decades; 

2. To recognize the potential contributors to the growth in echocardiography; 

3. To introduce the concept of Appropriate Use Criteria in echocardiography; 

4. To recognize reasons for over-testing; 

5. To recognize ways to maximize high-value care.  



Introduction: 

In 2011, U.S. health care spending grew 3.9% to reach $2.7 trillion, and 17.9% of the 

gross domestic product (GDP).  In 2014, health care spending is expected to grow at 6.1%/year 

and 6.2%/year thereafter so that by 2021, health care spending will account for to $4.8 trillion 

and 19.6% of GDP.
1,2

A major contributor to these costs has been the dramatic growth in 

diagnostic imaging services which have significantly outpaced the growth of evaluation and 

management and major procedure volume over the past decade (Figure 1).
3
 

Figure 1. The Growth of Imaging Services in Medicare 

 

Modified from “Report to the Congress: Medicare and the Health Care Delivery System (June 2011).” 

 In cardiology, one of the major contributors to the growth of imaging has been 

echocardiography. In fact, the use of echocardiography has doubled over the past decade,
4
 

comprising approximately half of all cardiac imaging services among Medicare beneficiaries  

and accounting for 11% and over 1.1 billion dollars of total Medicare diagnostic imaging 

spending in 2010.
3,4

   

The relative ease, convenience, and low risk of echocardiography makes it a powerful 

and appealing diagnostic tool, however these same characteristics create opportunities for 

overuse/misuse in patients who may derive no benefit or could have derived similar benefit 

without the test. In fact, almost 30% of all Medicare Beneficiaries have had a transthoracic 

echocardiogram (TTE) performed, over 50% of whom had a repeat TTE within 3 years.
5
 

Although the risks of TTE are low, the consequences of over-testing may be great in terms of 

false positive tests, downstream utilization of resources, and overall costs. The use of TTE has 

widespread variation by state, being performed in 5% of Medicare beneficiaries in Oregon but 

15% of beneficiaries in Michigan in 1995.
6
 Hospitals with the highest rates of imaging for 

evaluation of potential cardiac ischemia have higher rates of diagnostic cardiac angiography and 

hospital admission without substantial difference in therapeutic interventions or readmission 

rates for acute myocardial infarction. In these cases, imaging is causing greater downstream 

resource utilization without any significant impact on patient care. 
7
  This is likely driven by 
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differences in local physician and patient preference. Finding the optimal use of diagnostic 

testing, including TTEs, in patient evaluation and management is essential in order to become 

stewards of our healthcare resources and partners in providing high-value care. 

Appropriate Use Criteria in Echocardiography 

In 2007, with revisions in 2011, the American College of Cardiology Foundation in 

association with other imaging subspecialty societies, including the American Society of 

Echocardiography, developed appropriate use criteria (AUC) for  echocardiography
8,9

 to 

“respond to the need for the rational use of imaging services in the delivery of high quality care”,  

and to potentially “impact physician decision making” with an ultimate objective to “ improve 

patient care and health outcomes”
8
.  The Appropriateness Criteria were established using the 

RAND/UCLA Rating Method in which the literature is reviewed and a list of clinical scenarios 

are created and then sent to a diverse expert panel including experts in echocardiography, health 

service research, insurance companies and private and academic practice. Each panel member 

rates the appropriateness of each scenario on a scale of 1-9 first on their own and then after 

meeting with the entire panel.   A final score is obtained assigning each indication either an 1) 

appropriate (appropriate care), 2) inappropriate (rarely appropriate care), or 3) uncertain (may be 

appropriate care) score. 
10

 

Both the 2007 and 2011 AUC have been applied in a variety of clinical settings. In a U.S. 

study of 384 inpatient and outpatient TTEs at a tertiary care academic medical center in New 

York, 92% were appropriate, 2% inappropriate, 0.5% uncertain, and 5.5% were unable to be 

classified. 
11

 In a  U.S. study of 1080 inpatient TTEs in a regional, community hospital, 97% 

were appropriate, 2%, inappropriate, and < 1% uncertain.
12

 In the largest study to date, 

performed in 1,820 inpatients and outpatients from a single U.S. Midwest academic center, 82% 

of TTEs were appropriate, 12% inappropriate, 5% uncertain, and 0.4% unclassifiable. Overall, 

inappropriate TTEs account for approximately 2-20% of all TTEs. Repeat TTEs appear to have a 

slightly higher inappropriate rate (27%) than first time TTEs.
13

 Cardiologists (44%) and 

internists (36%) are the most common referring specialties for TTE and cardiac specialists are 

less likely to order inappropriate TTEs than internists.
14

 In a retrospective review of TTEs 

performed at the University of Texas Southwestern, 31% of all inpatient and outpatient TTEs in 

a one month period were requested by cardiologists while 53% of TTEs were requested by 

internists (38% general internal medicine, 15% pulmonary/critical care) with similar rates of 

inappropriate studies among all requesting specialties (4% pulmonary critical care, 5% 

cardiology, 7% internal medicine).  

Ideally, if AUC were successful in “impacting physician decision making” and 

“improving patient care”, appropriate TTEs should be more likely to affect patient management 

than inappropriate TTEs. However, prior publications have not thoroughly investigated this 

association. At UT Southwestern, we examined the proportion of TTEs that impact clinical care 

overall and in subgroups defined as appropriate and inappropriate by AUC. All TTEs ordered 

between April 1
st
 and April 30

th
, 2011 were retrospectively reviewed. A TTE was excluded from 

review if 1) it was not performed, 2) there was no clinical data available for review, or 3) it was 

done for left ventricular assist device patients or post-cardiac transplant.  Two independent 

cardiologists, blinded to clinical impact assessment, reviewed the electronic medical record 

(EMR) to select an AUC for each TTE. Two additional cardiologists blinded to AUC 

assignment, reviewed the EMR to assign clinical impact to each study.  In 535 TTEs included in 



the analysis, 92% of TTEs were classified as appropriate, 4% as inappropriate, and 4% as 

uncertain , while 32% of TTEs resulted in an active change in care, 47% led to continuation of 

current care, and 21% led to no change. There was no statistically significant difference in the 

proportion of appropriate versus inappropriate TTEs that lead to active change (Figure 2). The 

proportion of TTEs resulting in active change (32%) was markedly lower than the proportion of 

appropriate TTEs based on AUC (92%) and did not correlate with AUC classification. Similarly, 

the proportion of TTEs resulting in no change in care (21%) was markedly higher than the 

proportion of TTEs classified as inappropriate by AUC (4%), suggesting important limitations 

for AUC in optimizing TTE utilization. In exploratory analysis where TTEs that led to active 

change were rated on a scale of 1-5 by consensus of two independent cardiologists as: 5) Very 

useful; 4) Useful; 3) Neutral; 2) Not useful; or 1) Misused for impacting patient care, , only 19% 

(n=32/170) of all active change TTEs were rated as a 4 or 5 which equates to only 6% 

(n=32/535) of all TTEs in our study actually actively impacting care in a useful or very useful 

manner, further highlighting the inefficient use TTE in the provision of high-value care in 

routine clinical practice. 
15

 

Figure 2. Association between Appropriate Use Criteria and Clinical Impact at UT 

Southwestern 

 

If AUC had an impact on physician decision making, the rates of appropriate TTEs 

should increase and that of inappropriate TTEs should decrease following the publication of 

AUC.  However, data from a major U.S. academic medical center demonstrated no change in the 

proportion of TTEs classified as appropriate pre-AUC publication in 2000 and post-AUC 

publication in 2007 (87% vs. 85%, p=0.6). Over this same time period, however, TTE volume 

increased 85%.
16

 Similarly, inappropriate AUCs should be associated with a lower prevalence of 

active change and higher prevalence of no change than appropriate TTEs; however in our study, 

there was no difference in the prevalence of active change or no change in appropriate versus 

inappropriate TTEs.  

Although AUC were well-intended, there has been little change in clinical impact since 

their establishment. In 1980’s and 1990’s, before the advent of AUC, there were several studies 

evaluating the clinical impact of TTE. In the 1980s, the clinical impact of TTE was estimated to 



be about 9-11%.
17,18

 With the establishment of evidence-based guidelines in the mid-1990s, like 

ACE inhibitors in patients with reduced ejection fraction, clinical impact increased to 36-38%, 

which is similar to our findings of 32%. 
19,20

 Interestingly, in the setting of meaningful active 

change assessed by experienced cardiologists in an academic medical center in 1994, only 6% of 

all TTEs resulted in a definable and reasonable change which is exactly the same as the 6% of all 

TTEs resulting in useful or very useful active change in our study.
15,21

 

Reasons for Over-testing 

 There are multiple physician-related, societal-related, and patient-related factors that 

promote over-testing in our current healthcare environment, including patient demands and direct 

to consumer advertising for testing, medical liability or “defensive medicine”, financial 

incentives for and accessibility to testing, and physician training which encourages completeness 

in evaluation and reduction of uncertainty no matter the cost. 

Medical Liability 

 There is significant concern in cardiology and medicine about medical malpractice and 

liability. Many cite “defensive medicine” as a reason for ordering excessive testing even in the 

face of a low pre-test probability of disease. Between 1991 and 2005, 8.6% of cardiologist faced 

a medical practice liability (MPL) claim compared to 7.4% of physicians overall. The total 

indemnity payment for cardiologists between 1985 and 2007 in the Physicians Insurers 

Association of America Registry was $191 million. 
22

 Cardiovascular medicine ranks number 

14
th

 among 28 medical specialties in the number of total closed MPL claims; however the 

number of closed claims resulting in indemnity payment is among the lowest of all physician 

groups. Diagnostic error (n=878/4248, 20%) represented the most common indication for a MPL 

claim against a cardiologist.
23

 Interestingly, errors of omission (failures or delays in an action) 

are more likely to result in paid claims and higher indemnity settlements than claims of 

commission, lending some credence to physician perception that doing “something” is better 

than doing nothing. However, the filing of MPL claims for cardiologists are multifactorial, 

including the high acuity of cardiovascular disease, the procedural nature of the field, and the 

importance of patient-centered care and communication and its failure. Although the issue of 

medical liability is real, the fact that 27% of MPL claims for overtreatment resulted in payment 

also highlights the risk associated with over-testing as well.
23

 

Patient and Referring Physician Demands and Patient Satisfaction. 

 Many companies offer direct-to-consumer cardiac screening tests to empower patients to 

take control of their health (http://healthylifescreening.com/screening.html). Several have been 

endorsed by individual patient accounts as well as on television (http://healthfair.com/healthfair-

on-fox-business-national/).  However, there are no guideline recommendation for screening for 

asymptomatic left ventricular dysfunction in the general population and in fact, there is data that 

screening the general population is of no benefit.
24

 The prevalence of sudden cardiac death in the 

normal population is low therefore the risk of a false positive test and the psychological, 

economical, and possible physical risks inherent in more testing are of great concern but are 

frequently unrecognized and misunderstood by the general population. Similarly, outside the 

context of a qualified medical evaluation, a single negative result may lead participants to not 

http://healthfair.com/healthfair-on-fox-business-national/
http://healthfair.com/healthfair-on-fox-business-national/


seek routine preventive care or be falsely reassured when in reality they do have disease and 

symptoms.
25

  

Many physicians cite reassurance or confirmation of suspected disease and patient 

satisfaction as major contributors to ordering of diagnostic testing. In our study, we found that 

47% of TTEs resulted in patient reassurance or continuation of current management. Although 

the societal importance of testing that reassures physicians and patients needs to be further 

explored, the likely contribution of diagnostic testing to patient reassurance is likely 

overestimated by physicians. In a meta-analysis evaluating the effects of diagnostic testing on 

worry about illness, anxiety, symptom persistence, and health care utilization in patients with 

symptoms and a low pre-test risk of serious illness, there was no overall effect of diagnostic 

testing on patient anxiety (O.R. 0.87 (95% C.I. 0.55-1.39)), no change in symptom persistence 

((O.R. 0.99 (95% C.I. 0.85-1.15)), and only a small reduction in physician visits after testing 

((O.R. 0.77 (95% C.I. 0.62-0.96)). 
26

 A prospective cohort study of adult respondent to the 

National Expenditure Panel Survey who had at least 2 years or follow-up (n=36,428) examined 

the relationship between patient satisfaction, health care utilization, expenditures, and outcomes. 

In multi-variable analyses adjusted for multiple confounders, the most satisfied patients were less 

likely to go the emergency room (adjusted OR 0.92 (95% CI 0.84-1.0)), more likely to be 

directly admitted (adjusted OR 1.12 (95% CI 1.02-1.23)), had higher total healthcare ( 8.8% 

(95% CI 6%-16.6%)) and prescription drug expenditures (9.1% (95% CI 2.3-16.4%)), and were 

more likely to die (H.R. 1.26, p =0.2) in 2 years of follow-up than the least satisfied patients 

(Figure 3).
27

  Although this analysis was limited by the ability to correct for all confounders, it 

does suggest that testing for the sake of patient satisfaction may not be the best use of resources. 

 

Figure 3. Patient Satisfaction and Mortality 

 

 

Adjusted for age, sex, race, education, income, census region, urban setting, insurance coverage, source of care, 

panel year, smoking status, count of chronic disease, Short Form Health Survey mental and physical component 

summary scores, self-rated health, year 1 total health expenditures, year 1 office visits, year 1 ER visits, year 1 

admission, year 1 prescription drugs. Adapted from Fenton, J.J. et al. Arch Intern Med, 2012; 172(5):405-411. 

Patients, just like physicians, want to reduce uncertainty and sometimes just “want to 

know” that they are ok. In one population-based survey of people’s willingness to pay for a 
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predictive test despite being told by their physician that they were healthy and the likelihood of 

the tested disease was low, most participants preferred to be tested even if there were no 

treatment options for the tested disease. They were willing to pay reasonably large amounts of 

money for the test regardless of the test’s accuracy or positive predictive value. The majority of 

participants stated they would likely get a second medical opinion or seek subspecialty care, 

confirming concerns about screening leading to potentially inappropriate increased medical 

resource utilization.
28

 

Financial Incentives & Test Accessibility 

Doing more equates to more revenue and increased overall clinical volume. A level 4 

cardiology  new patient visit (CPT 99204),  which requires  documentation of a comprehensive 

history and examination, as well as documentation of moderate medical decision making 

complexity is reimbursed at approximately 2.4 work relative value unit (wRVU) while a 

complete TTE is 1.3 wRVUs. Typically, once scanned, a TTE takes 10-15 minutes to interpret, 

therefore in 45 minutes (comparable to the 40 minutes allotted a new patient visit in cardiology) ,  

3.9 wRVUs can be generated from TTE compared to only 2.4 wRVUs from a new patient visit. 

In a wRVU-driven incentive program, a day spent reading TTEs is more attractive financially 

than a day spent evaluating and managing patients in the outpatient setting. 

Among the countries in the Organization of Economic Cooperation and Development 

(OECD), the U.S. has one of the lowest number of doctor visits per capita (US: 3.9 versus OECD 

overall: 6.5) but one of the highest number of MRI scans per 1000 population (US: 91.2 versus 

OECD overall:46.6).
29

 In cardiology, the potential for financial incentives to influence diagnostic 

test ordering is evident in the use of stress testing after revascularization. Current AUC 

guidelines do not recommend routine stress testing within 2 year of coronary stenting or 5 years 

of cardiac bypass surgery in otherwise asymptomatic patients. 
30

 In a recent study evaluating the 

association between physician billing and cardiac stress testing after revascularization, nuclear 

and echocardiographic stress testing were more frequent among patients who were treated by 

physicians who billed the technical and/or professional fees than those treated by physicians who 

did not bill for those services. 
31

  

Accessibility to testing may also contribute to the increased use of testing in the US. The 

largest study of clinical impact of TTE to-date was performed in Italy in 917 patients referred for 

TTE after discharge from an Italian hospital. Clinical impact was defined as a change in 

diagnostic management, therapeutic decision, or follow-up planning due to the TTE result. In 

that study, overall clinical impact (76%) was significantly higher than in our American study 

(32%), suggesting that potential differences between U.S. and Italian health care practice 

patterns, rates of referral to TTE, and reimbursement may lead to differences in TTE utilization 

and impact .
32

  

The potential for differences in accessibility and reimbursement impacting TTE 

utilization can also be demonstrated within the U.S. system by comparing TTE utilization 

between Medicare and the U.S. Veterans Affairs (VA) healthcare system. Between 1999 and 

2008, TTE utilization increased by 90% among Medicare beneficiaries, compared to a 4% 

increase in TTE utilization within the VA healthcare system over the same time period (2000 – 

2007) (Figure 4).
4,33

 The increase in TTE utilization in the Medicare population may be due to 

significant variations in physician testing thresholds, ease of access to TTEs, patient 



demographics, and potential differences in financial incentives associated with increased 

diagnostic testing.  

Figure 4. Comparison of Growth in Transthoracic Echocardiography Volume 

between Medicare and the Veterans Affairs Healthcare System between 2000-2007.

 

Physician Training 

 As technology has evolved, physical exam and history taking skills have decreased. As 

increased patient volumes and complexity of care have expanded, physician reliance on 

heuristics or mental shortcuts has contributed to the quick applications of diagnostic protocols 

(ex., numbness in an arm equals transient ischemic attack (TIA) which leads to TTE with bubble 

study, telemetry, aspirin, statin) instead of thoughtful contemplation (ex., numbness in an arm 

may be peripheral nerve injury, TIA, atypical migraine, or other non-life threatening cause). In 

one multicenter study of clinical exam skills, the clinical exam skills of internal medicine faculty, 

residents were only better than first and second year medical student and equivalent to the skills 

of third year medical students. The detection of systolic murmurs was high (0.84) but the 

specificity was low (0.35), while the sensitivity for detecting diastolic murmurs was poor (0.49) 

and the specificity was only moderate (0.67) for all participants.
34

 Simulator training for 

undergraduate, graduate, and continuing medical education may be important in order to improve 

the skills of all providers. 

Ways to Address Over-testing 

There are several ways to potentially impact over-testing including clinical practice 

guideline recommendations, changes in financial incentives for testing, education and training 

opportunities, national campaigns, as well as modifying our methods for assessing the value of 

diagnostic testing in the provision of patient-centered care. 

Clinical Practice Guidelines and Appropriate Use Criteria 

Clinical practice guidelines as well as Appropriate Use Criteria can help to establish 

normative standards of care for multiple conditions and scenarios but must not be used blindly in 

the pursuit of patient-centered care. Although guidelines are frequently regarded as the ultimate 



synthesis of evidence-based medicine, the evidence behind many guideline recommendations is 

often lacking. The American College of Cardiology and American Heart Association have 

published multiple guidelines addressing recommendations for care of a variety of 

cardiovascular conditions. Among the 16 guidelines that reported level of evidence, only 

314/2711 (11%) were classified as level of evidence A (recommendation based on evidence from 

multiple randomized trials or meta-analyses) while 1246/2711 (46%) were level of evidence C 

(recommendations based on expert opinion, case studies, or standards of care). 
35

  While helpful 

in attempting to standardize care of common conditions, their weight in decision-making must be 

carefully balanced with individual patient needs. 

Appropriate Use Criteria are helpful in identifying potential scenarios that have a higher 

pretest probability of yielding abnormal echocardiographic results. However, the clinical impact 

of TTE does not solely depend on the detection of TTE abnormalities.  A normal TTE for an 

indication like “hypotension or hemodynamic instability of uncertain or suspected cardiac 

etiology” may result in the pursuit of non-cardiac diagnoses and therapies.  Similarly, an 

indication like “initial evaluation when there is a reasonable suspicion of valvular or structural 

heart disease” may detect moderate aortic stenosis, but if the patient has a terminal illness  and/or 

refuses or is not a candidate for future surgical or percutaneous valve interventions, care may not 

change. The RAND/UCLA method requires that a working group review the literature and 

develop list of clinical indications to be rated. A standardized literature review is then performed 

for each indication and evidence tables are formed when significant evidence is available for a 

specific indication, recognizing that many imaging studies are observational cohort studies and 

may have inherent bias and many indications may have no available evidence. In fact, only 2 of 

the 92 AUCs are based on evidence that is more than expert opinion.  By having a group of 

diverse interests comprise the panel, including mostly experts in echocardiography, the 

consensus ratings will likely represent current clinical thinking and less likely challenge current 

TTE ordering practices and therefore allow for liberal use of echocardiography. Others have 

advocated for incorporating a concept of “necessity” into AUC development in order to 

maximize the benefit of testing.
36

 

Changes in Financial Incentives 

 The ACC and AHA along with other major societies issued a health policy statement on 

the use of noninvasive cardiovascular imaging. 
37

 In their statement, they acknowledge that our 

goal is to use diagnostic imaging “optimally” but in order to accomplish this, clear limits must be 

set. We must understand the population in which we want to improve outcomes, have a limited 

and explicitly specified healthcare budget allocated to this task, and high quality data on the 

incremental costs and benefits of all management options. 
37

 Currently, the limits on healthcare 

expenditures in the U.S. are unclear. Once this limit is stated, we can begin to evaluate the 

societal benefits of diagnostic testing which confirms current management or offers reassurance 

to patients, the likely first targets in reducing excess testing in the healthcare system. 

 Several cuts in Medicare reimbursement have resulted in decreases in medical imaging 

costs and growth since 2006. In 2009, the add-on CPT codes for spectral and color-flow Doppler 

were bundled into the code for a complete TTE (CPT 93306) with a RVU that was 22% less than 

the sum of the three former codes.
38

 With this change, both private office-based and hospital 

outpatient department based TTE significantly decreased initially (Figure 5). After this initial 

sharp decline in volume, however, there was a shift in TTE performance setting: office- based 



TTE volume decreased by 269,274 TTEs between 2009 and 2011 while hospital outpatient 

department TTEs increased by 451,872.
39

  Currently, Medicare pays 141% more for a TTE 

performed in a hospital outpatient department versus a physician’s office. 
40

 From 2010 to 2011, 

the performance of TTEs and nuclear cardiology studies in hospital outpatient departments 

increased by 15% and 22%, respectively. If these rates continue through 2021 and 

reimbursement rates stay at 2013 levels, overall Medicare spending will increase be $1.1 billion 

just due to the shifting of studies from the office setting to the hospital setting.
40

   

Figure 5. Temporal Trends in Office-Based and Hospital Department Based 

Echocardiograms 

 

TTE: transthoracic echocardiogram; Modified from Levin, D.C. et al; Journal of the American College of 

Radiology, 2013 in press. 

The 2013 Medicare Physician Fee Schedule (PFS) final rule has plans to expand the 

multiple procedure payment reduction (MPPR) concept used currently in radiology to 

echocardiography.  MPPR is a policy in which payments are adjusted if >1 imaging service is 

provided to a patient on the same day. The 2013 Medicare PFS will cause a 25% reduction in the 

technical component of the lower priced cardiovascular service on the same day for office 

procedures but not for hospital-based outpatient departments. If a TTE and a nuclear stress test 

are performed on the same patient on the same day, there will be a 25% reduction in the 

technical component of the TTE. 
38

 Although it is too early to know the effect of this payment 

change, just like was seen with code bundling, there likely will be a shift of office-based 

procedures to hospital outpatient department-based procedures with a marginal effect on overall 

cost-containment.  

Other methods for controlling costs include pre-authorization through a radiology 

benefits manager (RBM. The RBM is frequently an independent company that is hired by a 

private insurance company to assess the necessity and appropriateness of testing in the provision 

of care. They have been associated with slower growth in utilization but the data relating quality 

of care with RBM utilization is lacking. The additional costs of these private companies to the 

overall cost of care, the potential decrease in efficiency of care provided by including additional 
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pre-authorization steps, and the lack of data on patient outcomes and quality make this a less 

appealing option.  

Potential moves towards value-based care, capitation, or bundled payment systems may 

lead to decrease utilization of advanced cardiac imaging. Similarly, reductions in hospital-based 

outpatient department payments may ultimately reduce imaging payment further.
38,40

 A fine 

balance will need to be achieved to ensure that the pendulum does not swing the other way, and 

imaging becomes underused in the provision of a high-value care to our patients. 

Education and Training 

 The key to changing physician behaviors is education, awareness, auditing, and feedback. 

A recent study evaluated the effects of physician education, a decision support tool (a laminated 

card with common clinical scenarios and the use of TTE), and biweekly e-mailed feedback about 

TTE ordering behavior and appropriateness on clinician ordering behavior. This intervention led 

to a decrease in the number of TTEs ordered per day as well as a decrease in the proportion of 

inappropriate and increase in the proportion of appropriate TTEs ordered during the intervention. 
41

 However, long-term follow-up once the study period was completed showed a return to the 

same pre-intervention TTE volume and proportion of inappropriate TTEs ordered, suggesting 

that for change to be sustained, auditing, feedback, and education must constantly be provided.
42

 

 The Accreditation Council for Graduate Medical Education mandates that “consideration 

of cost awareness” be incorporated into medical education. In response to that need, the 

American College of Physicians and Alliance of Academic Internal Medicine have developed a 

free curriculum on high-value, cost conscious care which incorporates the important ideas of 

self-reflection, auditing, and feedback in ensuring residents are exposed to the importance of 

cost, high value, and necessity of testing in providing care. 
43

 With its development and 

implementation at the University of California San Francisco, there was an increase in the 

incorporation of these concepts into daily rounds, attending behaviors, and resident projects and 

ideas. 
44

  

The Mayo Clinic has developed an electronic tool called the “Checkbook” which 

provides data and charges for patient cared for at the Mayo Clinic in a web-based format which 

can automatically retrieve selected real-time patient costs and billing data. Before 

implementation of the Checkbook, residents were likely to overestimate costs of individual test 

and felt they knew very little about costs of testing. After its implementation, resident estimates 

of common procedure costs improved, they felt that they better understood the role of cost in 

their decision-making, and felt that their attending physicians encouraged them to consider costs 

more frequently. 
45

 

National Campaigns and Public Awareness 

 After the publication of the Institute of Medicine’s “Best Care at Lower Cost” report, 

which estimated that $750 billion annually is spent on wasteful health care, several national 

organizations began to publicize information about high-value care, including the American 

Board of Internal Medicine’s “Choose Wisely” campaign, the “Less is More” series in the 

Journal of the American Medical Association Internal Medicine, and the American College of 

Physicians’ “High-Value, Cost-Conscious Care” initiatives. 
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 The Choose Wisely campaign, in 



collaboration with multiple specialty societies, has created lists of specific, evidence-based 

recommendations of tests and procedures that should likely not be performed because they have 

little benefit of patient benefit and may have a risk of harm. The American Society of 

Echocardiography as well as the American College of Cardiology have provided lists as well as 

patient educational resources about common cardiac symptoms and their work-up and therapy 

(http://www.choosingwisely.org/doctor-patient-lists/american-society-of-echocardiography/; 

http://www.choosingwisely.org/doctor-patient-lists/american-college-of-cardiology/). Through 

public and physician awareness, open-discussions about patient-centered care can be intelligently 

discussed and unnecessary testing can potentially be avoided. 

Change in Assessment of the Value of Diagnostic Testing 

 Diagnostic testing has traditionally been evaluated for its sensitivity, specificity, and 

accuracy but has rarely been evaluated for its impact on patient care and outcomes. It is difficult 

to assess the value of a test in isolation, since medical decision-making often involves the 

incorporation of multiple sources of data and information. A more comprehensive framework for 

the assessment of diagnostic efficacy was proposed in the 1990s by Dr. Fryback and Dr. 

Thornbury and recently endorsed by the American College of Cardiology in their health policy 

position paper. This framework proposes a 6-tiered hierarchical model of efficacy (Table 1).  

Table 1. Six Tiered Hierarchical Model of Diagnostic Efficacy Assessment 

 

First, a diagnostic test must have proven technical efficacy, in that it can be performed 

and interpreted reproducibly in a variety of settings and laboratories. This is initially assessed by 

engineers and physicists who develop the technology for clinical use. Ultimately, societies and 

accrediting boards, like the American Society of Echocardiography and the Intersocietal 

Accreditation Commission for Echocardiography, developed specific guidelines for the 

performance and interpretation of TTE, and audit the performance of all accredited laboratories 

to establish a baseline standard of imaging and care. The second level involves diagnostic 

accuracy efficacy, and includes test characteristics like sensitivity, specificity, positive and 

negative predictive value in a variety of clinical contexts. This is the level of assessment where 

Level Examples of Areas of Assessment 

Technical Efficacy Spatial and temporal resolution, reproducibility of the technology, 

standardization across laboratories 

Diagnostic Efficacy Accuracy, sensitivity, specificity, positive and negative predictive 

value 

Decision-Making Efficacy “helpfulness” in making a diagnosis, change in post-test 

probability of disease 

Therapeutic Efficacy “helpfulness” in planning management, change in medications, 

consultations, procedures after testing 

Patient Outcome Efficacy Improvements in patient outcomes (morbidity and mortality) after 

testing, change in quality of life as well as quality-adjusted life 

years (QALYs), cost per QALY  

Societal Efficacy Cost-benefit and cost-effectiveness analysis from a 

societal/population perspective 

http://www.choosingwisely.org/doctor-patient-lists/american-society-of-echocardiography/
http://www.choosingwisely.org/doctor-patient-lists/american-college-of-cardiology/


the Appropriate Use Criteria are helpful in that they identify scenarios where the pre-test 

probability of an abnormal TTE finding is high or low. Appropriate TTEs have a higher 

prevalence of clinically significant TTE abnormalities than inappropriate TTEs. 
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 Although 

AUC have helped to establish indications in which TTE will likely yield an abnormality, they 

have yet to address higher levels of efficacy in Fryback’s model. The third level addresses 

diagnostic thinking efficacy, which assesses the effect of testing on diagnostic thinking. For this 

level, assessing physician thoughts on how “helpful” the study was to their evaluation as well as 

changes in post-test probability of the diagnosis are helpful. The fourth level addresses 

therapeutic efficacy which assess if the percentage of time a diagnostic test helps plan 

management, alters management, or alters the clinicians’ prospectively stated clinical changes in 

management. The fifth level evaluates patient outcomes such as percentage of patients who had 

an improvement in quality of life or death or other hard outcomes with testing compared to 

without testing or the percentage of patients who avoided morbidity or procedures because of 

testing. The sixth and highest level of efficacy is societal efficacy, where the cost of the 

diagnostic test or testing strategy is evaluated from a societal standpoint.  

These higher levels of diagnostic efficacy assessment have been performed in small 

studies in TTE. In the 1980’s and early 1990’s, TTE in the U.S. led to a change in management 

7-11% of time.
17,21

 In the mid-1990s after trial data suggested benefit of certain therapies, like 

angiotensin-converting enzyme inhibitors in patients with depressed LV systolic function,
48

 

clinical impact increased to 36-38% 
19,20

, similar to the 32% active change seen in our study in 

2011.  The next steps should be to assess if from a societal standpoint, 30% is the correct yield or 

if it should be lower or higher and how to best maximize the value of TTE. 

Patient Selection 

  Patient selection is a central aspect of quality in cardiac imaging.
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 In order for cardiac 

imaging to be used most effectively, the test must be applied to the proper patient subset, at the 

optimal time, and the results of the test must be actionable. No single research study or guideline 

will be universally applicable to every patient encountered. The key is to ask three simple 

questions:  

1) What am I hoping to learn from obtaining this test?  

2) How will it affect my care of this patient?  

3) If I find an abnormality, are their therapeutic options available and will this patient be 

willing to undergo those potential therapies?  

If we as clinicians critically assess our decisions to test, we will be better at discussing our 

diagnostic thought processes for testing, the information we plan to obtain from the testing, and 

the options the patient has for treatment in a more patient-centric and directed way as well as 

uphold our professional responsibility to be stewards of our limited healthcare resources for our 

individual patients as well as for the population for which we care. 

Conclusions 

Diagnostic imaging has grown over the past decade at unsustainable rates. There are 

several reasons for this growth including financial incentives for over-testing, patient and 

physician demands for technology, medical liability, and protocol/cookbook medicine. It is of 



paramount importance that we as healthcare professionals become aware of the costs of testing, 

assess the incremental information and potential benefits of testing, and have open and patient-

centric discussions about testing and its role in management so that we can provide cost efficient 

and high-value care. 
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