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Abstract

The American College of Cardiology Foundation (ACCF)
and the American Society of Echocardiography (ASE) to-
gether with key specialty and subspecialty societies, conducted
an appropriateness review for stress echocardiography. The
review assessed the risks and bene®ts of stress echocardiogra-
phy for several indications or clinical scenarios and scored them
on a scale of 1 to 9 (based upon methodology developed by the
ACCF to assess imaging appropriateness). The upper range (7
to 9) implies that the test is generally acceptable and is a
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reasonable approach, and the lower range (1 to 3) implies that
the test is generally not acceptable and is not a reasonable
approach. The midrange (4 to 6) indicates a clinical scenario for
which the indication for a stress echocardiogram is uncertain.

The indications for this review were drawn from common
applications or anticipated uses, as well as from current clinical
practice guidelines. Use of stress echocardiography for risk
assessment in patients with coronary artery disease (CAD) was
viewed favorably, while routine repeat testing and general
screening in certain clinical scenarios were viewed less favor-
ably. It is anticipated that these results will have a signi®cant
impact on physician decision making and performance, reim-
bursement policy, and will help guide future research.

Preface

In an effort to respond to the need for the rational use of
imaging services in the delivery of high quality care, the
American College of Cardiology Foundation (ACCF) has
undertaken a process to determine the appropriateness of
cardiovascular imaging for selected patient indications.

Appropriateness criteria publications re¯ect an ongoing
effort by the ACCF to critically and systematically create,
review, and categorize clinical situations where diagnostic tests
and procedures are utilized by physicians caring for patients
with cardiovascular diseases. The process is based on a current
understanding of the technical capabilities of the imaging
modalities examined. Although not intended to be entirely
comprehensive, the indications are meant to identify common
scenarios encompassing the majority of contemporary practice.
Given the breadth of information they convey, the indications
do not directly correspond to the Ninth Revision of the
International Classi®cation of Diseases (ICD-9) system.

The ACCF believes that careful blending of a broad
range of clinical experiences and available evidence-based
information will help guide a more ef®cient and equitable
allocation of health care resources in cardiovascular imaging.
The ultimate objective of appropriateness criteria is to improve
patient care and health outcomes in a cost-effective mannerbut
is not intended to ignore ambiguity and nuance intrinsic to
clinical decision making. Local parameters, such as the avail-
ability or quality of equipment or personnel, may in¯uence the
selection of appropriate imaging procedures. Thus, appropri-
ateness criteria should not be considered substitutes for sound
clinical judgment and practice experience.

The ACCF appropriateness criteria process itself is also
evolving. In the current iteration, Technical Panel members
were asked to rate indications for stress echocardiography in
a manner independent and irrespective of prior ACCF
ratings for similar diagnostic stress imaging modalities such
as single-photon emission computed tomography myocar-
dial perfusion imaging (SPECT MPI) (1), cardiac com-
puted tomography (CT), or cardiac magnetic resonance (2).
Given the iterative nature of the process, readers are
counseled not to compare too closely the individual appro-

priateness ratings among modalities rated at different times
over the past 2 years. A ªcross-modalityº evaluation of the
appropriateness of multiple imaging techniques will be
undertaken in the near future. This evaluation should more
directly answer questions about the strengths of each mo-
dality relative to alternatives for various clinical scenarios.

In developing these criteria the Appropriateness Criteria
Technical Panel was asked to assess whether the use of the test
for each indication is appropriate, uncertain, or inappropriate;
they were provided the following de®nition of appropriateness:

An appropriate imaging study is one in which the expected
incremental information, combined with clinical judgment,
exceeds the expected negative consequences* by a suf®ciently
wide margin for a speci®c indication that the procedure is
generally considered acceptable care and a reasonable ap-
proach for the indication.

The Technical Panel scores each indication as follows:

Score 7 to 9
Appropriate test for speci®c indication (testis generally

acceptable andis a reasonable approach for the indication).

Score 4 to 6
Uncertain for speci®c indication (testmay be generally

acceptable andmay be a reasonable approach for the
indication). (Uncertainty also implies that more research
and/or patient information is needed to classify the indica-
tion de®nitively.)

Score 1 to 3
Inappropriate test for that indication (test isnot generally

acceptable and isnot a reasonable approach for the indication).

The contributors acknowledge that the division of these
scores into 3 categories of appropriateness is somewhat
arbitrary and that the numeric designations should be
viewed as a continuum. The contributors also recognize
diversity in clinical opinion for particular clinical scenarios.
Therefore, scores in the intermediate level of appropriate-
ness should be labeled ªuncertain,º as critical patient or
research data are lacking and should be a prompt to the ®eld
to conduct de®nitive research investigation. It is anticipated
that the appropriateness criteria reports will require updates
as further data are generated and information from the
implementation of the criteria is accumulated.

To prevent bias in the scoring process, the Technical Panel
deliberately was not comprised solely of specialists in the
particular procedure under evaluation. Specialists, while offer-
ing important clinical and technical insights, might have a
natural tendency to rate the indications within their specialty as
more appropriate than nonspecialists. In addition, care was
taken in providing objective, nonbiased information, including
guidelines and key references, to the Technical Panel.

*Negative consequences include the risks of the procedure (i.e., radiation or contrast
exposure) and the downstream impact of poor test performance such as delay in
diagnosis (false negatives) or inappropriate diagnosis (false positives).
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Introduction

This report addresses the appropriateness of stress echocar-
diography. The improvement in the test characteristics of
stress echocardiography in recent years has increased its
utility for detection and risk assessment of ischemic heart
disease. Similar to other forms of stress imaging testing,
stress echocardiography can help more clearly de®ne cardio-
vascular risk for a patient, but also creates opportunities for
overuse and misuse in patients who may not obtain a
bene®t, or who could have been medically managed effec-
tively without the addition of the test. In particular, inap-
propriate use may be costly and may prompt potentially
harmful and costly downstream testing and treatment such
as unwarranted coronary revascularization or unnecessary
repeat follow-up. Concerns about inappropriate use exist
among those who pay for these services and clinical leaders
who evaluate the effectiveness of testing.

Methods

The indications included in this review are purposefully
broad, and they comprise a wide array of cardiovascular
signs and symptoms as well as clinical judgment as to the
likelihood of cardiovascular ®ndings.

A detailed description of the methods used for ranking of
the selected clinical indications is outlined in Appendix B
and is also found more generally in a previous publication,
ªACCF Proposed Method for Evaluating the Appropriate-
ness of Cardiovascular Imagingº (3). Brie¯y, this process
combines evidence-based medicine and practice experience
by engaging a technical panel in a modi®ed Delphi exercise.
The panel ®rst rated indications independently. Then the
panel was convened for a face-to-face meeting for discussion
of each indication. At this meeting, panel members were
provided with their scores and a blinded summary of their
peers' scores. After the consensus meeting, panel members

were then asked to independently provide their ®nal scores
for each indication.

The level of agreement among panelists as de®ned by
RAND ( 4) was analyzed based on the BIOMED rule for a
panel of 14 to 16. As such, agreement was de®ned as an
indication where 4 or fewer panelists' ratings fell outside the
3-point region containing the median score. Disagreement
was de®ned as where at least 5 panelists' ratings fell in both
the appropriate and the inappropriate categories.

General Assumptions for Stress Echocardiography

To prevent any nuances of interpretation, all indications
were considered with the following important assumptions:

1. All indications are assumed to apply to adult patients (18
years of age or older).

2. The test is performed and interpreted by quali®ed
individuals in facilities that are pro®cient in the imaging
technique (5±8).

The indications were constructed by echocardiography ex-
perts and modi®ed on the basis of discussions among the Task
Force and feedback from independent reviewers and the
Technical Panel. Wherever possible, indications were mapped
to relevant clinical guidelines and key publications/references
(Online Appendix athttp://content.onlinejacc.org).

The Technical Panel was comprised of clinician experts,
some with backgrounds in cardiac imaging and others with
experience in general cardiovascular medicine, cardiac sur-
gery, critical care medicine, emergency medicine, health ser-
vices research, and health plan administration.² Panelists were
instructed to incorporate in their deliberations several assump-
tions speci®cally for stress echocardiography, including:

1. All standard echocardiographic techniques for image acqui-
sition, including imaging protocols, are available for each
indication, and stress echocardiography has a sensitivityand
speci®city similar to those found in the published literature.

2. For all stress imaging, the mode of stress testing is assumed
to be exercise for patients able to exercise. For patients
unable to exercise, it is assumed that dobutamine is used for
echocardiographic stress testing. Further background on
the rationale for the assumption of exercise stress is available
in the ACC/AHA 2002 Guideline Update for Exercise
Stress Testing (9). Any indications including a speci®c
mode of stress are labeled as such.

3. Preoperative evaluation includes procedures such as or-
gan transplantation.

Abbreviations

ACS 5 acute coronary syndrome
AI 5 aortic insuf®ciency
CABG 5 coronary artery bypass grafting surgery
CAD 5 coronary artery disease

²Full detail about the backgrounds of the members of the Technical Panel can be
found in Appendix C.
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CHD 5 coronary heart disease
CT 5 computed tomography
ECG 5 electrocardiogram
HF 5 heart failure
LV 5 left ventricular
MET 5 estimated metabolic equivalents of exercise
MI 5 myocardial infarction
MR 5 mitral regurgitation
PCI 5 percutaneous coronary intervention
SPECT MPI 5 single-photon emission computed tomog-
raphy myocardial perfusion imaging
UA/NSTEMI 5 unstable angina (UA) and non-ST-
elevation myocardial infarction (NSTEMI)

Results of Ratings

The ®nal ratings for stress echocardiography (Tables 1to
10) are listed by indication sequentially as obtained from
second round rating sheets submitted by each panelist.
Additionally, the indications are presented by Appropriate-
ness Category (Tables 11to 13).

De®nitions used by the Technical Panel can be found in
Appendix A. Supplemental tables, including documentation

of the mean absolute deviation from the median and level of
agreement of rankings for each indication, can be found in
the Online Appendix athttp://content.onlinejacc.org.

For the 51 indications for the use of stress echocardiog-
raphy, 22 were found to be appropriate, 10 were uncertain,
and 19 were considered inappropriate.

Typically, there was greater variability in scores of indi-
cations de®ned as uncertain, suggesting wide variation in
opinion. A number of indications failed to meet the above
de®nition of agreement. Still, there were no uncertain
indications where the panel held such opposing viewpoints
that the indication was labeled as one for which the panel
disagreed. There was generally less variation for the indica-
tions labeled as either appropriate or inappropriate, with
68.8% and 79.0%, respectively, showing agreement as pre-
viously de®ned. Disagreement did not occur for any of the
indications ultimately de®ned as appropriate or inappropri-
ate. Finally, as prior research has found that, in general, the
test operating characteristics of stress echocardiography and
SPECT MPI imaging are similar, we also provide the
readers with an asterisk where there were discordances
between similar indications rated inappropriate for stress
echocardiography and those previously rated uncertain for
SPECT MPI.

Stress Echocardiography Appropriateness Criteria (by Indication)

Table 1. Detection of CAD/Risk Assessment: Symptomatic

Indication
Appropriateness

Score (1±9)
Evaluation of Chest Pain Syndrome or Anginal Equivalent

1. c Low pre-test probability of CAD
c ECG interpretable AND able to exercise

I (3)

2. c Low pre-test probability of CAD
c ECG uninterpretable OR unable to exercise

A (7)

3. c Intermediate pre-test probability of CAD
c ECG interpretable AND able to exercise

A (7)

4. c Intermediate pre-test probability of CAD
c ECG uninterpretable OR unable to exercise

A (9)

5. c High pre-test probability of CAD
c Regardless of ECG interpretability and ability to exercise

A (7)

6. c Prior stress ECG test is uninterpretable or equivocal A (8)

Acute Chest Pain

7. c Intermediate pre-test probability of CAD
c ECG±no dynamic ST changes AND serial cardiac enzymes negative

A (8)

8. c High pre-test probability of CAD
c ECG±ST elevation

I (1)

New-Onset/Diagnosed Heart Failure With Chest Pain Syndrome or Anginal Equivalent

9. c Intermediate pre-test probability
c Normal LV systolic function

A (8)

10. c LV systolic function U (5)
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Table 2. Detection of CAD and Risk Assessment: Asymptomatic (Without Chest Pain Syndrome or Anginal Equivalent)

Indication
Appropriateness

Score (1±9)
General Patient Populations

11. c Low CHD risk (Framingham risk criteria) I (1)

12. c Moderate CHD risk (Framingham)
c ECG Interpretable

I (3) *

13. c High CHD risk (Framingham) U (6)

*The ranking of this indication as inappropriate is different from that given to similar but not identical indications in previously published appropriateness criteria. The ratings were done in accordance
with established ACCF methodology. Furthermore, the Technical Panel for each modality operated independently without allowance and with discouragement for intermodality comparisons. Discrepant
scores may be related to rating variability, differing Technical Panel composition, maturation of the appropriatness criteria process, or perceived differences in appropriateness.

Table 3. Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With
De®ned Comorbidities

Indication
Appropriateness

Score (1±9)
New-Onset or Diagnosed Heart Failure or LV Systolic Dysfunction

14. c Moderate CHD risk (Framingham)
c No prior CAD evaluation
c Normal LV systolic function

A (7)

15 c Moderate CHD risk (Framingham)
c No prior CAD evaluation
c Abnormal LV systolic dysfunction

U (5)

Valvular Heart Disease Requiring Valve Surgery

16. c Moderate CHD risk (Framingham) I (3)

New-Onset Atrial Fibrillation

17. c Low CHD risk (Framingham)
c Part of the evaluation

I (2) *

18. c Moderate to high CHD risk (Framingham)
c Part of the evaluation

A (7)

Nonsustained Ventricular Tachycardia

19. c Moderate to high CHD risk (Framingham)
c Stress echo using exercise stress only

A (7)

*The ranking of this indication as inappropriate is different from that given to similar but not identical indications in previously published appropriateness criteria. The ratings were done in accordance
with established ACCF methodology. Furthermore, the Technical Panel for each modality operated independently without allowance and with discouragement for intermodality comparisons. Discrepant
scores may be related to rating variability, differing Technical Panel composition, maturation of the appropriatness criteria process, or perceived differences in appropriateness.

Table 4. Risk Assessment With Prior Test Results

Indication
Appropriateness

Score (1±9)
Asymptomatic OR Stable Symptoms, Normal Prior Stress Imaging Study

20. c High CHD risk
c Repeat stress echo study annually

I (2)

21. c High CHD risk
c Repeat stress echo study after 2 years or greater

U (5)

Known CAD: Asymptomatic OR Stable Symptoms, Abnormal Catheterization OR Abnormal Prior Stress Imaging Study

22. c Assessment of severity of ischemia (CAD)
c Less than 1 year to evaluate medically managed patients

I (2)

23. c Assessment of severity of ischemia (CAD)
c Greater than or equal to 2 years to evaluate medically managed patients

U (5)

Worsening Symptoms: Abnormal Catheterization OR Abnormal Prior Stress Imaging Study

24. c Re-evaluation of medically managed patients A (8)

Asymptomatic Prior Coronary Calcium Agatston Score

25. c Agatston score greater than or equal to 400 A (7)

26. c Agatston score less than 100 I (1)

Chest Pain Syndrome or Anginal Equivalent

27. c Coronary artery stenosis of unclear signi®cance (cardiac catheterization or CT angiography) A (8)

1132 Douglaset al. JACC Vol. 51, No. 11, 2008
Appropriateness Criteria for Echocardiography March 18, 2008:1127±47

 by on June 11, 2009 content.onlinejacc.orgDownloaded from 



Table 5. Risk Assessment: Preoperative Evaluation for Noncardiac Surgery²

Indication
Appropriateness

Score (1±9)
Low-Risk Surgery

28. c Preoperative evaluation for noncardiac surgery risk assessment
c Minor or intermediate clinical risk predictors

I (1)

Intermediate-Risk Surgery

29. c Poor exercise tolerance (less than or equal to 4 METs)
c Minor or no clinical risk predictors

I (2)

30. c Poor exercise tolerance (less than or equal to 4 METs)
c Intermediate clinical risk predictors

A (7)

High-Risk Nonemergent Surgery

31. c Poor exercise tolerance (less than 4 METs) A (8)

32. c Asymptomatic up to 1 year after normal catheterization, noninvasive test, or previous
revascularization

I (1)

² See discussion and appendix for changes in the revised 2007 ACC/AHA Perioperative Guidelines relevant to these indications (10).

Table 6. Risk Assessment: Following Acute Coronary Syndrome

Indication
Appropriateness

Score (1±9)
UA/NSTEMIÐNo Recurrent Symptoms or Signs of Heart Failure

33. c Not planning to undergo early catheterization A (8)

Acute Coronary SyndromeÐAsymptomatic Post-Revascularization (PCI or CABG)

34. c Routine evaluation prior to hospital discharge I (1)

Table 7. Risk Assessment: Post-Revascularization (PCI or CABG)

Indication
Appropriateness

Score (1±9)
Symptomatic

35. c Evaluation of chest pain syndrome
c Not in the early post-procedure period

A (8)

Asymptomatic

36. c Less than 5 years after CABG I (2) *

37. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Greater than or equal to 5 years after CABG

U (6)

38. c Symptomatic prior to previous revascularization
c Greater than or equal to 5 years after CABG

U (5)

39. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Less than 2 years after PCI

I (3) *

40. c Symptomatic prior to previous revascularization
c Less than 2 years after PCI

I (2)

41. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Greater than or equal to 2 years after PCI

U (5)

*The ranking of this indication as inappropriate is different from that given to similar but not identical indications in previously published appropriateness criteria. The ratings were done in accordance
with established ACCF methodology. Furthermore, the Technical Panel for each modality operated independently without allowance and with discouragement for intermodality comparisons. Discrepant
scores may be related to rating variability, differing Technical Panel composition, maturation of the appropriateness criteria process, or perceived differences in appropriateness.

Table 8. Assessment of Viability/Ischemia

Indication
Appropriateness

Score (1±9)
Ischemic Cardiomyopathy, Assessment of Viability/Ischemia

42. c Known CAD on catheterization
c Patient eligible for revascularization

A (8)
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Stress Echocardiography Appropriateness Criteria (by Appropriateness Category)

Table 9. Stress Study for Hemodynamics (Includes Doppler During Stress)

Indication
Appropriateness

Score (1±9)
Valvular Stenosis

43. c Evaluation of equivocal aortic stenosis
c Evidence of low cardiac output
c Use of dobutamine

A (8)

44. c Asymptomatic individuals
c Mild to moderate mitral stenosis

U (5)

45. c Symptomatic individuals
c Mild mitral stenosis

A (7)

46. c Severe aortic or mitral stenosis I (2)

47. c Asymptomatic severe AI or MR
c LV size and function not meeting surgical criteria

A (7)

48. c Severe AI or MR
c Symptomatic or with severe LV enlargement or LV systolic dysfunction

I (2)

Pulmonary Hypertension

49. c Suspected pulmonary hypertension
c Normal or indeterminate resting echo study

U (5)

Table 10. Contrast Use

Indication
Appropriateness

Score (1±9)
Use of Contrast With Stress Echo

50. c Routine use of contrast
c All segments visualized on noncontrast images

I (1)

51. c Selective use of contrast
c 2 or more contiguous segments are NOT seen on noncontrast images

A (8)

Table 11. Appropriate Indications (Median Score 7 to 9)

Indication
Appropriateness

Score (1±9)
Detection of CAD: SymptomaticÐEvaluation of Chest Pain Syndrome or Anginal Equivalent

2. c Low pre-test probability of CAD
c ECG uninterpretable OR unable to exercise

A (7)

3. c Intermediate pre-test probability of CAD
c ECG interpretable AND able to exercise

A (7)

4. c Intermediate pre-test probability of CAD
c ECG uninterpretable OR unable to exercise

A (9)

5. c High pre-test probability of CAD
c Regardless of ECG interpretability and ability to exercise

A (7)

6. c Prior stress ECG test is uninterpretable or equivocal A (8)

Detection of CAD: SymptomaticÐAcute Chest Pain

7. c Intermediate pre-test probability of CAD
c ECGÐno dynamic ST changes AND serial cardiac enzymes negative

A (8)

Detection of CAD: SymptomaticÐNew-Onset/Diagnosed Heart Failure With Chest Pain Syndrome or Anginal Equivalent

9. c Intermediate pre-test probability
c Normal LV systolic function

A (8)

Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ
New-Onset or Diagnosed Heart Failure or LV Systolic Dysfunction

14. c Moderate CHD risk (Framingham)
c No prior CAD evaluation
c Normal LV systolic function

A (7)
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Table 11. Continued

Indication
Appropriateness

Score (1±9)
Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ

New-Onset Atrial Fibrillation

18. c Moderate to high CHD risk (Framingham)
c Part of the evaluation

A (7)

Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ
Nonsustained Ventricular Tachycardia

19. c Moderate to high CHD risk (Framingham)
c Stress echo using exercise stress only

A (7)

Risk Assessment with Prior Test ResultsÐWorsening Symptoms: Abnormal Catheterization OR Abnormal Prior Stress Imaging Study

24. c Re-evaluation of medically managed patients A (8)

Risk Assessment With Prior Test ResultsÐAsymptomatic, Prior Coronary Calcium Agatston Score

25. c Agatston score greater than or equal to 400 A (7)

Risk Assessment With Prior Test ResultsÐChest Pain Syndrome or Anginal Equivalent

27. c Coronary artery stenosis of unclear signi®cance (cardiac catheterization or CT angiography) A (8)

Risk Assessment: Preoperative Evaluation for Noncardiac SurgeryÐIntermediate-Risk Surgery

30. c Poor exercise tolerance (less than or equal to 4 METs)
c Intermediate clinical risk predictors

A (7)

Risk Assessment: Preoperative Evaluation for Noncardiac SurgeryÐHigh-Risk Nonemergent Surgery

31. c Poor exercise tolerance (less than 4 METs) A (8)

Risk Assessment: Following Acute Coronary Syndrome±UA/NSTEMIÐNo Recurrent Symptoms or Signs of Heart Failure

33. c Not planning to undergo early catheterization A (8)

Risk Assessment: Post-Revascularization (PCI or CABG)ÐSymptomatic

35. c Evaluation of chest pain syndrome
c Not in the early post-procedure period

A (8)

Ischemic Cardiomyopathy Assessment of Viability/IschemiaÐIschemic Cardiomyopathy, Assessment of Viability/Ischemia

42. c Known CAD on catheterization
c Patient eligible for revascularization

A (8)

Stress Study for Hemodynamics (Includes Doppler During Stress)ÐValvular Stenosis

43. c Evaluation of equivocal aortic stenosis
c Evidence of low cardiac output
c Use of dobutamine

A (8)

45. c Symptomatic individuals
c Mild mitral stenosis

A (7)

47. c Asymptomatic severe AI or MR
c LV size and function not meeting surgical criteria

A (7)

Contrast UseÐUse of Contrast With Stress Echo

51. c Selective use of contrast
c 2 or more contiguous segments are NOT seen on noncontrast images

A (8)
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Table 12. Uncertain Indications (Median Score 4 to 6)

Indication
Appropriateness

Score (1±9)
Detection of CAD: SymptomaticÐNew-Onset/Diagnosed Heart Failure With Chest Pain Syndrome or Anginal Equivalent

10. c Intermediate pre-test probability
c Abnormal LV systolic function

U (5)

Detection of CAD and Risk Assessment: Asymptomatic (Without Chest Pain Syndrome or Anginal Equivalent) General Patient Populations

13. c High CHD risk (Framingham) U (6)

Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ
New-Onset or Diagnosed Heart Failure or LV Systolic Dysfunction

15. c Moderate CHD risk (Framingham)
c No prior CAD evaluation
c Abnormal LV systolic dysfunction

U (5)

Risk Assessment With Prior Test ResultsÐAsymptomatic OR Stable Symptoms, Normal Prior Stress Imaging Study

21. c High CHD risk
c Repeat stress echo study after 2 years or greater

U (5)

Risk Assessment With Prior Test ResultsÐKnown CAD: Asymptomatic OR Stable Symptoms, Abnormal Catheterization OR
Abnormal Prior Stress Imaging Study

23. c Assessment of severity of ischemia (CAD)
c Greater than or equal to 2 years to evaluate medically managed patients

U (5)

Risk Assessment: Post-Revascularization (PCI or CABG)ÐAsymptomatic

37. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Greater than or equal to 5 years after CABG

U (6)

38. c Symptomatic prior to previous revascularization
c Greater than or equal to 5 years after CABG

U (5)

41. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Greater than or equal to 2 years after PCI

U (5)

Stress Study for Hemodynamics (Includes Doppler During Stress)ÐValvular Stenosis

44. c Asymptomatic individuals
c Mild to moderate mitral stenosis

U (5)

Stress Study for Hemodynamics (Includes Doppler During Stress)ÐPulmonary Hypertension

49. c Suspected pulmonary hypertension
c Normal or indeterminate resting echo study

U (5)
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Table 13. Inappropriate Indications (Median Score 1 to 3)

Indication
Appropriateness

Score (1±9)
Detection of CAD: SymptomaticÐEvaluation of Chest Pain Syndrome or Anginal Equivalent

1. c Low pre-test probability of CAD
c ECG interpretable AND able to exercise

I (3)

Detection of CAD: SymptomaticÐAcute Chest Pain

8. c High pre-test probability of CAD
c ECG ST-elevation

I (1)

Detection of CAD and Risk Assessment: Asymptomatic (Without Chest Pain Syndrome or Anginal Equivalent)ÐGeneral Patient Populations

11. c Low CHD risk (Framingham risk criteria) I (1)

12. c Moderate CHD risk (Framingham)
c ECG interpretable

I (3) *

Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ
Valvular Heart Disease Requiring Valve Surgery

16. c Moderate CHD risk (Framingham) I (3)

Detection of CAD/Risk Assessment: Without Chest Pain Syndrome or Anginal Equivalent in Patient Populations With De®ned ComorbiditiesÐ
New-Onset Atrial Fibrillation

17. c Low CHD risk (Framingham)
c Part of the evaluation

I (2) *

Risk Assessment With Prior Test ResultsÐAsymptomatic OR Stable Symptoms, Normal Prior Stress Imaging Study

20. c High CHD risk
c Repeat stress echo study annually

I (2)

Risk Assessment With Prior Test ResultsÐKnown CAD: Asymptomatic OR Stable Symptoms, Abnormal Catheterization OR
Abnormal Prior Stress Imaging Study

22. c Assessment of severity of ischemia (CAD)
c Less than 1 year to evaluate medically managed patients

I (2)

Risk Assessment With Prior Test ResultsÐAsymptomatic, Prior Coronary Calcium Agatston Score

26. c Agatston score less than 100 I (1)

Risk Assessment: Preoperative Evaluation for Noncardiac SurgeryÐLow-Risk Surgery

28. c Preoperative evaluation for noncardiac surgery risk assessment
c Minor or intermediate clinical risk predictors

I (1)

Risk Assessment: Preoperative Evaluation for Noncardiac SurgeryÐIntermediate-Risk Surgery

29. c Poor exercise tolerance (less than or equal to 4 METs)
c Minor or no clinical risk predictors

I (2)

Risk Assessment: Preoperative Evaluation for Noncardiac SurgeryÐHigh-Risk Nonemergent Surgery

32. c Asymptomatic up to 1 year after normal catheterization, noninvasive test, or previous
revascularization

I (1)

Risk Assessment: Following Acute Coronary SyndromeÐAsymptomatic Post-Revascularization (PCI or CABG)

34. c Routine evaluation prior to hospital discharge I (1)

Risk Assessment: Post-Revascularization (PCI or CABG)ÐAsymptomatic

36. c Less than 5 years after CABG I (2) *

39. c Asymptomatic (e.g., silent ischemia) prior to previous revascularization
c Less than 2 years after PCI

I (3) *

40. c Symptomatic prior to previous revascularization
c Less than 2 years after PCI

I (2)

Stress Study for Hemodynamics (Includes Doppler During Stress)ÐValvular Stenosis

46. c Severe aortic or mitral stenosis I (2)

48. c Severe AI or MR
c Symptomatic or with severe LV enlargement or LV systolic dysfunction

I (2)

Contrast Use±Use of Contrast With Stress Echo

50. c Routine use of contrast
c All segments visualized on noncontrast images

I (1)

*The ranking of this indication as inappropriate is different from that given to similar but not identical indications in previously published appropriateness criteria. The ratings were done in accordance
with established ACCF methodology. Furthermore, the Technical Panel for each modality operated independently without allowance and with discouragement for intermodality comparisons. Discrepant
scores may be related to rating variability, differing Technical Panel composition, maturation of the appropriateness criteria process, or perceived differences in appropriateness.
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General Discussion

The appropriateness criteria in this report provide an
estimate of the reasonableness of the use of stress echocar-
diography for the particular clinical scenarios presented in
each of the 51 indications considered. They are expected to
be useful for clinicians, health care facilities, and third-party
payers engaged in the delivery of cardiovascular imaging.
Experience with already published appropriateness criteria
(1,2) has shown their value across a broad range of situa-
tions, guiding care of individual patients, educating caregiv-
ers, and informing policy decisions regarding reimburse-
ment for cardiovascular imaging.

Appropriateness criteria represent the ®rst component of
the chain of quality recommended for cardiovascular imag-
ing (11). After ensuring proper test selection, the achieve-
ment of quality in imaging includes adherence to best
practices in image acquisition, image interpretation, and
results communication, as well as incorporation of ®ndings
into clinical care. All components are important for optimal
patient care, although not all are addressed in this report.
The development of appropriateness criteria and their
ranking by the Technical Panel assumes that other quality
standards are adequately met. It also is assumed that when
considering the appropriateness of ordering a repeat or
annual test that the prior image and report can be obtained
and are of suf®cient quality as outlined above.

Although the appropriateness ratings re¯ect a general
expert consensus of when stress echocardiography may or
may not be useful for speci®c patient populations, physicians
and other stakeholders should understand the role of clinical
judgment in determining whether to order a test for an
individual patient. For example, the rating of an indication
as inappropriate should not preclude a provider from per-
forming stress echocardiographic procedures when there are
patient- and condition-speci®c data to support that deci-
sion. Indeed this may be the correct clinical pathway if
supported by mitigating characteristics of the patient. Like-
wise, uncertain indications often require individual physi-
cian judgment and understanding of the patient to better
determine the usefulness of a test for a particular scenario.
As such, the ranking of an indication as uncertain (score 4
to 6) should not be viewed as limiting the use of stress
echocardiography for such patients. Finally, there may be
clinical situations in which the use of stress echocardiogra-
phy for an indication considered to be appropriate does not
always represent reasonable practice, such as a patient in
whom another diagnostic imaging test might be scheduled
or has already been performed.

The indications contained in this report are purposefully
broad to capture the range of situations in which clinicians
®nd value in stress echocardiography information. However,
as with the appropriateness criteria for other imaging modal-
ities, they are not exhaustive because of the complexity and
number of the potential clinical situations. For example,

neither the use of stress echocardiography prior to organ
transplantation nor all forms of perioperative echocardiography
were included as separate indications but are assumed to be
covered by the more general perioperative guidelines (10).

Stress echocardiography tests, like many imaging tests,
may provide additional useful information beyond the
primary purpose outlined by the indication. The appropri-
ateness criteria for stress echocardiography were not devel-
oped to quantify the incremental information obtained by
performing the test for reasons beyond those stated in an
individual indication. For example, the additional informa-
tion available with a stress echocardiogram, including the
assessment of resting ejection fraction or the identi®cation
of concomitant valve disease, was not considered when
determining the appropriateness rankings. Thus, members
of the Technical Panel were asked speci®cally not to
consider implicit or additional information outside the
scope of an individual indication in their rankings. As such,
the entire list of indications from this document and those
published separately for transthoracic and transesophageal
echocardiography (12) should be reviewed to assess a
broader range of potential reasons for ordering a stress
echocardiogram for an individual patient.

In addition, panelists were asked speci®cally not to
consider comparisons to other imaging procedures or other
appropriateness criteria documents while completing their
rankings. While stress CT and MR are newer modalities
which have not been extensively studied, stress echocardi-
ography and stress SPECT MPI have similar bodies of
evidence to support their use. The overwhelming majority
of ®nal ratings of stress echocardiography and stress
SPECT MPI were concordant for similar clinical indica-
tions. However, a small number of the ®nal scores and
rating categories reported in this document differ from those
previously published for stress SPECT MPI. Readers
should note, however, that the categorical summaries tend
to accentuate differences that sometimes are slight. For
example, small ¯uctuations in a median rating (e.g., 4 vs. 3)
will cause an indication to switch appropriateness categories
(e.g., from uncertain to inappropriate).

There are several potential reasons for these discordant
occurrences. The most likely reason for this is a simple
variation in rating by the different panel members, whether
due to composition, different levels of clinical experience, or
different interpretations of data. The RAND process has
documented that the interpretation of the literature by
different sets of experts can yield slightly different ®nal
ratings (4). For example, one panel may contain a slightly
higher percentage of ªmodality expertsº than another panel.
The Appropriateness Criteria Task Force has subsequently
examined this in¯uence of specialty and made every effort to
provide a balance of expertise. Another source of potential
variation is timing. As appropriateness criteria gain more
exposure, Technical Panel members have greater familiarity
with the indications and implementation requirements than
the panels of prior modules. Inconsistency in wording of
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indications for the stress echocardiography and stress nu-
clear panels may have also contributed to differences in some
scenarios. For example, stress echocardiography indications
combined CAD detection and risk assessment into single
indications, whereas the criteria for stress SPECT separated
these indications.

The indications were developed and rated prior to the
release of the ACC/AHA 2007 Perioperative Guidelines
(10). As such, in addition to the Online Appendix (http://
content.onlinejacc.org), the reader should refer to the 2007
version of the guidelines for further discussion of the use of
noninvasive testing prior to surgery.

There are many potential applications for appropriateness
criteria. Clinicians could use the ratings as a decision
support or educational tool when ordering a test or provid-
ing a referral to another quali®ed physician. The criteria also
may be used to facilitate discussion with referring clinicians
who have patterns of ordering tests for inappropriate indi-
cations. Facilities and payers may choose to use the criteria
either prospectively in the design of protocols, automated
order entry, and pre-authorization procedures, or retrospec-
tively for quality reports. It is hoped that payers will use this
document as the basis to inform rational strategies to ensure
that their members receive the highest-quality, cost-
effective cardiovascular care.

As outlined in the original methodology by the ACCF
(3), it is expected that services performed for appropriate
indications will receive reimbursement. In contrast, services
performed for inappropriate indications will likely require
additional documentation to justify payment because of
unique circumstances or the clinical pro®le of the patient.
Payers should note that the Technical Panel and clinical
community do not consider uncertain indications as those
that should not be performed or reimbursed. Rather, the
uncertain indications are those where the opinions of the
panel vary and the data may be con¯icting. In many of these
areas, additional research is clearly desirable. Indications
with high clinical volume that are rated as uncertain identify
areas for increased focus and research.

When used to assess performance, appropriateness crite-
ria should be applied in conjunction with systems that
support quality improvement. Ordering forms containing
essential information for determining appropriateness along
with periodic feedback reports to providers may help edu-
cate providers on their ordering patterns. Prospective pre-
authorization procedures, if put in place, are most effective
once a retrospective review has identi®ed a pattern of
potential inappropriate use. Because the criteria are based on
current scienti®c evidence and the deliberations of the
Technical Panel, they should be used prospectively to
generate future discussions about reimbursement, but
should not be applied retrospectively to cases completed
prior to issuance of this report.

The primary objective of this report is to provide guid-
ance regarding the perceived suitability of stress echocardi-
ography for diverse clinical scenarios. As with previous

appropriateness criteria documents, consensus among the
raters was desirable, but any attempt to achieve complete
agreement within this diverse panel would have been arti-
®cial and not necessarily of clinical value. Two rounds of
ratings with lively discussion between the ratings did lead to
some consensus among panelists. However, further at-
tempts to drive consensus would have diluted true differ-
ences in opinion among panelists and, therefore, was not
undertaken.

Future research analyzing patient outcomes utilizing
indications rated appropriate would help ensure the equita-
ble and ef®cient allocation of resources for diagnostic
studies. Review of medically necessary care may also im-
prove the understanding of regional variations in imaging
utilization. Further exploration of the indications rated as
ªuncertainº will help generate the data required to further
de®ne the appropriateness of stress echocardiography. Fi-
nally, it will be necessary to periodically assess and update
the indications and criteria as technology evolves and new
data and ®eld experience become available.

Appendix A: Stress Echocardiography
De®nitions

Determining Pre-Test Probability of CAD

Angina: as de®ned by the ACC/AHA Guidelines on
Exercise Testing (9)

² TypicalAngina (De®nite) (13):

1. Substernal chest pain or discomfort that is
2. provoked by exertion or emotional stress and
3. relieved by rest and/or nitroglycerin.

² Atypical Angina (Probable): Chest pain or discomfort
that lacks one of the characteristics of de®nite or typical
angina (13).

Nonanginal Chest Pain: Chest pain or discomfort that
meets one or none of the typical angina characteristics (13).
Chest Pain Syndrome or Anginal Equivalent:Any con-
stellation of symptoms that the physician feels may repre-
sent a complaint consistent with obstructive CAD. Exam-
ples of such symptoms include, but are not exclusive to,

Table A1. Pre-Test Likelihood of CAD in Symptomatic Patients
According to Age and Gender* (Combined Diamond/Forrester
and CASS Data) (17,18)

Age
(Years)

Nonanginal
Chest Pain Atypical Angina Typical Angina

Men Women Men Women Men Women

30±39 4 2 34 12 76 26

40±49 13 3 51 22 87 55

50±59 20 7 65 31 93 73

60±69 27 14 72 51 94 86

*Each value represents the percentage with signi®cant CAD on catheterization.
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chest pain, chest tightness, burning, dyspnea, shoulder pain,
palpitations, syncope, breathlessness, and jaw pain.
Pre-Test Probability of CAD: Once the physician deter-
mines the presence of symptoms that may represent ob-
structive CAD (chest pain syndrome or anginal equivalent
present), then the pre-test probability of CAD should be
determined. There are a number of risk algorithms (14,15)
available that can be used to calculate this probability.
Clinicians should become familiar with those that pertain to
the populations they encounter most often. In scoring the
indications, the following probabilities as calculated from
any of the various available algorithms should be applied.

² Low pre-test probability: Less than 10% pre-test proba-
bility of CAD

² Intermediate pre-test probability: Between 10% and 90%
pre-test probability of CAD

² High pre-test probability: Greater than 90% pre-test
probability

The method recommended by the ACC/AHA Guide-
lines for Chronic Stable Angina (16) is provided below as 1
example of a method used to calculate pre-test probability
and is a modi®cation of a previously published literature
review (17). Please refer to de®nitions of angina andTable
A1. Please note that the following table only predicts
pre-test probability in patients without other complicating
history or ECG ®ndings. History and electrocardiographic
evidence of prior infarction dramatically affect pre-test
probability. Detailed nomograms are available that incorpo-
rate the effects of a history of prior infarction, electrocar-
diographic Q waves, electrocardiographic ST- and T-wave
changes, diabetes, smoking, and hypercholesterolemia (9)
(Table A2 presents 1 example).

Determining Pre-Test Risk Assessment for
Risk Strati®cation

Risk Assessment

The rating sheets on risk assessment include indications in
patients with suspected CAD.

It is assumed that clinicians will use echocardiography
studies in addition to standard methods of risk assessment
as presented in the AHA/ACC Scienti®c Statement: As-
sessment of Cardiovascular Risk by Use of Multiple-Risk-
Factor Assessment Equations (19). See the scienti®c state-
ment to determine Framingham Risk Score (Tables A3and
A4) to calculate CHD risk percentage. As noted in the
scienti®c statement, these scores should be modi®ed on the
basis of additional relevant factors shown to affect risk such

Table A2. Comparing Pre-Test Likelihoods of CAD in Low-Risk
Symptomatic Patients With High-Risk Symptomatic
PatientsÐDuke Database (15)

Age
(Years)

Nonanginal
Chest Pain Atypical Angina Typical Angina

Men Women Men Women Men Women

35 3±35 1±19 8±59 2±39 30±88 10±78

45 9±47 2±22 21±70 5±43 51±92 20±79

55 23±59 4±25 45±79 10±47 80±95 38±82

65 49±69 9±29 71±86 20±51 93±97 56±84

Each value represents the percent with signi®cant CAD. The ®rst is the percentage for a low-risk,
mid-decade patient without diabetes, smoking, or hyperlipidemia. The second is that of the same
age patient with diabetes, smoking, and hyperlipidemia. Both high- and low-risk patients have
normal resting ECGs. If ST-T-wave changes or Q waves had been present, the likelihood of CAD
would be higher in each entry of the table.

Table A3. Men: 10-Year CHD Risk According to Framingham Risk Score

Green indicates below average risk; violet, average risk; yellow, moderately above average risk; and red, high risk.pLow-risk level is de®ned in the Framingham Report (21) as the risk of CHD at any
age for a nonsmoker, nondiabetic, with blood pressure less than 120/80 mm Hg, total cholesterol of 160 to 199 mg/dl, LDL-C 100 to 129 mg/dl, and HDL-C greater than or equal to 45 mg/dl in men
and greater than or equal to 55 mg/dl in women. ²Number of points estimated from Table 4 of Grundy et al. (19). ³ Total Coronary Heart Disease (Total CHD) includes angina pectoris, recognized and
unrecognized myocardial infarction, unstable angina, and CHD deaths. §Hard CHD includes all of the total CHD events except for angina pectoris. Adapted from (19).

1140 Douglaset al. JACC Vol. 51, No. 11, 2008
Appropriateness Criteria for Echocardiography March 18, 2008:1127±47

 by on June 11, 2009 content.onlinejacc.orgDownloaded from 



as obesity, physical inactivity, psychosocial factors, family
history of premature CHD, ethnic characteristics (especially
South Asians in the United States), and hypertriglyceride-
mia.

CHD Risk³

(Based on the AHA/ACC Scienti®c Statement on Cardio-
vascular Risk Assessment[19])

² CHD Risk±Low
De®ned by the age-speci®c risk level that is below

average. In general, low risk will correlate with a 10-year
absolute CHD risk less than 10%.

² CHD Risk±Moderate
De®ned by the age-speci®c risk level that is average or

above average. In general, moderate risk will correlate
with a 10-year absolute CHD risk between 10% to 20%.

² CHD Risk±High
De®ned as a 10-year absolute CHD risk of greater

than 20% or the presence of diabetes mellitus.²

Evaluating Perioperative Risk for
Noncardiac Surgery§

Method for Determining Perioperative Risk

(Based on the recommendations from the ACC/AHA
Perioperative Cardiovascular Evaluation for Noncardiac
Surgery[20])

ReviewFigure A1, ªStepwise Approach to Preoperative
Cardiac Assessment.º Based on the algorithm, once it is
determined that the patient does not require urgent surgery,
and that there has not been revascularization within the last
5 years, the clinician should determine the patient's periop-
erative risk predictors (see de®nitions in the following text).
If major risk predictors are present,Figure A1 suggests
consideration of coronary angiography and postponing or
canceling noncardiac surgery. Once perioperative risk pre-
dictors are assessed based on the algorithm, then the surgical
risk and patient's functional status should be used to
establish the need for noninvasive testing.

³Grundy et al. (19) cite Framingham when assigning patients with diabetes mellitus
to a category of high short-term risk because these patients typically have multiple risk
factors and have poor prognoses if they develop CHD.

§De®nitions and algorithms cited were current at the time of the technical panel and
are those reviewed by the technical panel at time of rating. See 2007 ACC/AHA
Perioperative Guidelines for updated content (10).

Table A4. Women: 10-Year CHD Risk According to Framingham Risk Score

Green indicates below average risk; violet, average risk; yellow, moderately above average risk; and red, high risk.pLow-risk level is de®ned in the Framingham Report (21) as the risk of CHD at any
age for a nonsmoker, nondiabetic, with blood pressure less than 120/80 mm Hg, total cholesterol of 160 to 199 mg/dl, LDL-C 100 to 129 mg/dl, and HDL-C greater than or equal to 45 mg/dl in men
and greater than or equal to 55 mg/dl in women. ²Number of points estimated from Table 4 of Grudy et al. (19). ³ Total Coronary Heart Disease (Total CHD) includes angina pectoris, recognized and
unrecognized myocardial infarction, unstable angina, and CHD deaths. §Hard CHD includes all of the total CHD events except for angina pectoris. Adapted from (19).
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Figure A1. Stepwise Approach to Preoperative Cardiac Assessment

Steps are discussed in the text. De®nitions and algorithms cited were current at the time of the technical panel and are those reviewed by the technical panel at time of rat-
ing. See 2007 ACC/AHA Perioperative Guidelines for updated content (10). *Subsequent care may include cancellation or delay of surgery, coronary revascularization fol-
lowed by noncardiac surgery, or intensi®ed care. CHF5 congestive heart failure; ECG5 electrocardiogram; MET5 metabolic equivalent; MI 5 myocardial infarction.
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Perioperative Risk Predictorsi

² Major risk predictors

Unstable coronary syndromes, decompensated HF, sig-
ni®cant arrhythmias, and severe valve disease.

² Intermediate risk predictors

Mild angina, prior MI, compensated or prior HF, dia-
betes, or renal insuf®ciency.

² Minor risk predictors

Advanced age, abnormal ECG, rhythm other than sinus,
low functional capacity, history of cerebrovascular accident,
and uncontrolled hypertension.

Surgical Risk Categoriesi

² High-Risk Surgery±cardiac death or MI greater than 5%
Emergent major operations (particularly in the el-

derly), aortic and peripheral vascular surgery, prolonged
surgical procedures associated with large ¯uid shifts
and/or blood loss.

² Intermediate-Risk Surgery±cardiac death or MI equal to
1% to 5%

Carotid endarterectomy, head and neck surgery, sur-
gery of the chest or abdomen, orthopedic surgery, pros-
tate surgery.

² Low-Risk Surgery±cardiac death or MI less than 1%
Endoscopic procedures, super®cial procedures, cata-

ract surgery, breast surgery.

ECG±Uninterpretable

Refers to ECGs with resting ST-segment depression
(greater than or equal to 0.10 mV), complete left bundle-
branch block, pre-excitation (Wolf-Parkinson-White syn-
drome), or paced rhythm.

Appendix B: Methods

Panel Selection

Stakeholders were given the opportunity to participate in
the appropriateness criteria process by submitting nominees
from their organizations through a Call for Nominations
released in the summer of 2006. From this list of nominees,
the Task Force selected panel members to ensure an
appropriate balance with respect to expertise in the speci®c
modality, referring physicians, academic versus private prac-
tice, health services research, and specialty training.

Development of Indications

The process for creating a robust set of indications involved
consulting current literature and previously published guide-

lines and clinical policy statements. The indications capture
the majority of scenarios faced by cardiologists or referring
physicians, but are not meant to be inclusive of all potential
indications for which a stress echocardiography imaging
study may be performed. Review was done by the Task
Force, including additional comments from external review-
ers. As a result of the meeting of the Technical Panel prior
to the second round of rating, a number of the indications
were clari®ed and modi®ed. A ®nal set of indications
comprised the list of possible clinical scenarios that were
rated for appropriateness by the panelists and compiled for
this report.

Rating Process

The Technical Panel was instructed to follow the process
outlined in the document, ªACCF Proposed Method for
Evaluating the Appropriateness of Cardiovascular Imagingº
(3). The appropriateness method combines expert clinical
judgment with the scienti®c literature in evaluating the
bene®ts and risks of medical procedures. Each panel mem-
ber has equal weight in producing the ®nal result for the set
of indications they are asked to rate and the method does
not force consensus.

The rating process includes a modi®ed Delphi process
involving 2 rounds of ratings and an intervening face-to-
face meeting. At the face-to-face meeting, each panelist
received a personalized rating form that indicated his or her
rating for each indication and the distribution of de-
identi®ed ratings of other members of the panel. In addi-
tion, the moderator received a summary rating form with
similar information (including panelist identi®cation), along
with other statistics that measured the level of agreement
among panel members. A measure of the level of disagree-
ment was applied to each score after both the ®rst and
second round scoring was completed. This project employed
the BIOMED Concerted Action on Appropriateness def-
inition for a panel size of 14 to 16. As de®ned in the
RAND/UCLA manual (4) upon which the ACCF ratings
method is based, the BIOMED rule for agreement (1 ) is
that no more than 4 panelists rate the indication outside the
3-point region containing the median; for disagreement
(2 ), at least 5 panelists rate in each extreme rating region
(i.e., 1 to 3 and 7 to 9). Measures of agreement and the
dispersion of ratings (mean absolute deviation from the
median) may highlight areas where de®nitions are not clear
or ratings are inconsistent, where panelist perceptions of the
ªaverageº patient may differ, or where various specialty
groups or individual panelists may have differences of
clinical opinion. In cases of obvious disagreement or outlier
scores, the indication was highlighted in a summary table
and identi®cation of the outlier raters brought to the
attention of the moderator. This information was used by
the moderator to guide the panel's discussion.

iAs de®ned by the ACC/AHA Guideline Update for Perioperative Cardiovascular
Evaluation of Non-Cardiac Surgery (20).
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Relationships With Industry

The ACCF and its partnering organizations rigorously
avoid any actual, perceived, or potential con¯icts of interest
that may arise as a result of an outside relationship or
personal interest of a member of the Technical Panel.
Speci®cally, all panelists are asked to provide disclosure
statements of all relationships that may be perceived as real
or potential con¯icts of interest. These statements were
reviewed by the ACCF Appropriateness Criteria Task
Force, discussed with all members of the Technical Panel at
the face-to-face meeting, and updated and reviewed as
necessary. A table of disclosures of the Technical Panel and
Task Force Members can be found in the Appendix D.

Literature Review

The Technical Panel members were asked to refer to the
relevant guidelines for a summary of the relevant literature,
guideline recommendation tables, and reference lists pro-
vided for each indication table when completing their
ratings (Online Appendix athttp://content.onlinejacc.org).
Lastly, they were provided Web links to the previously
published materials pertaining to the appropriateness crite-
ria work (1±3).

Appendix C: ACCF Appropriateness Criteria
Task Force and Technical Panels

Stress Echocardiography Writing Group

Pamela S. Douglas, MD, MACC, FAHA, FASE±Lead
Author, Appropriateness Criteria for Stress Echocar-
diography±Past President, ACC; Past President, ASE;
Ursula Geller Professor of Research in Cardiovascular
Diseases, Duke University Medical Center, Durham,
NC

Bijoy Khandheria, MD, FASE, FACC±Professor of Med-
icine and Chair, Division of Cardiovascular Disease,
Mayo Clinic, Scottsdale, AZ

Raymond F. Stainback, MD, FACC, FASE±Assistant
Professor of Medicine (Clinical), Baylor College of
Medicine; Medical Director, Noninvasive Cardiac Im-
aging and Adult Echocardiography Laboratories, St.
Luke's Episcopal Hospital, Texas Heart Institute; Part-
ner, Hall-Garcia Cardiology Associates, Houston, TX

Neil J. Weissman, MD, FACC, FASE±Professor of Med-
icine, Georgetown University Medical Center, Wash-
ington, DC; Director of Cardiac Ultrasound, Cardio-
vascular Research Institute, Washington Hospital
Center, Washington, DC

Stress Echocardiography Technical Panel

Eric D. Peterson, MD, MPH, FACC, FAHA±Moderator
of the Technical Panel±Professor of Medicine and
Director, Cardiovascular Research, Duke Clinical Re-
search Institute, Duke University Medical Center,
Durham, NC

Robert C. Hendel, MD, FACC, FAHA±Methodology
Liaison for the Technical Panel±Midwest Heart Spe-
cialists, Fox River Grove, IL

Raymond F. Stainback, MD, FACC, FASE±Writing
Group Liaison for the Technical Panel±Assistant Pro-
fessor of Medicine (Clinical), Baylor College of Medi-
cine; Medical Director, Noninvasive Cardiac Imaging
and Adult Echocardiography Laboratories, St. Luke's
Episcopal Hospital, Texas Heart Institute; Partner,
Hall-Garcia Cardiology Associates, Houston, TX

Michael Blaivas, MD, RDMS, FACEP±Associate Profes-
sor of Emergency Medicine; Chief, Emergency Ultra-
sound; and Director, Emergency Ultrasound Fellowship
Program, Medical College of Georgia, Augusta, GA

Roger D. Des Prez, MD, FACC±Oklahoma Heart Insti-
tute, Tulsa, OK

Linda D. Gillam, MD, FACC, FAHA, FASE±Assistant
Professor of Medicine and Medical Director, Cardiac
Valve Program, Columbia University, New York, NY

Terry Golash, MD±Medical Director, Aetna Health, Inc.,
New York, NY

Loren F. Hiratzka, MD, FACC, FAHA, FACS±Medical
Director, Cardiac Surgery, TriHealth, Inc. (Bethesda
North and Good Samaritan Hospitals), Cincinnati, OH

William G. Kussmaul, MD, FACC±Associate Professor of
Medicine, Drexel University College of Medicine; Car-
diology Consultants of Philadelphia, Philadelphia, PA

Arthur J. Labovitz, MD, FACC, FAHA, FASE, FCCP±
Professor of Internal Medicine, Director, Division of
Cardiology, Director, Fellowship Program, and Direc-
tor, Echocardiography Lab, Saint Louis University
School of Medicine, St. Louis, MO

JoAnn Lindenfeld, MD, FACC±Professor of Medicine and
Director, Heart Transplantation Program, University of
Colorado at Denver and Health Sciences Center, Den-
ver, CO

Frederick A. Masoudi, MD, MSPH, FACC±Associate
Professor of Medicine, Denver Health Medical Center
and University of Colorado at Denver and Health
Sciences Center, Denver, CO

Paul H. Mayo, MD, FCCP±Professor of Clinical Medi-
cine, Albert Einstein College of Medicine, Bronx, NY;
Director, MICU, Beth Israel Medical Center, New
York, NY

Todd D. Miller, MD, FACC, FAHA±Professor of Med-
icine and Co-Director, Nuclear Cardiology Laboratory,
Mayo Clinic, Rochester, MN

David Porembka, DO, FCCM±Professor of Anesthesiol-
ogy, Surgery, and Internal Medicine, Adjunct Professor
of United States Air Force Aerospace Medicine, Cin-
cinnati, OH

John A. Spertus, MD, MPH, FACC±Professor, University
of Missouri±Kansas City School of Medicine, Director
of Cardiovascular Education and Outcomes Research,
Mid America Heart Institute of St. Luke's Hospital,
Kansas City, MO
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L. Samuel Wann, MD, MACC±Chairman, Department of
Cardiovascular Medicine, Wisconsin Heart Hospital,
Wauwatosa, WI

Susan E. Wiegers, MD, FACC, FASE±Associate Professor
of Medicine, Director, Clinical Echocardiography and
Co-Director, Cardiovascular Fellowship, University of
Pennsylvania School of Medicine, Philadelphia, PA

ACCF Appropriateness Criteria Task Force

Ralph G. Brindis, MD, MPH, FACC±Chair, Task Force±
Regional Senior Advisor for Cardiovascular Disease,
Northern California Kaiser Permanente; Clinical Pro-
fessor of Medicine, University of California at San
Francisco; Chief Medical Of®cer and Chairman,
NCDR Management Board, American College of Car-
diology, Washington, DC

Pamela S. Douglas, MD, MACC, FAHA, FASE±Past
President, ACC; Past President, ASE; Ursula Geller

Professor of Research in Cardiovascular Diseases, Duke
University Medical Center, Durham, NC

Robert C. Hendel, MD, FACC, FAHA±Midwest Heart
Specialists, Fox River Grove, IL

Manesh R. Patel, MD±Assistant Professor of Medicine,
Division of Cardiology, Duke University Medical Cen-
ter, Durham, NC

Eric D. Peterson, MD, MPH, FACC, FAHA±Professor of
Medicine and Director, Cardiovascular Research, Duke
Clinical Research Institute, Duke University Medical
Center, Durham, NC

Michael J. Wolk, MD, MACC±Past President, ACC;
Clinical Professor of Medicine, Weill-Cornell Medical
School, New York, NY

Joseph M. Allen, MA±Director, TRIP (Translating Re-
search Into Practice), American College of Cardiology,
Washington, DC

APPENDIX D. ACCF/ASE/ACEP/AHA/ASNC/SCAI/SCCT/SCMR STRESS ECHOCARDIOGRAPHY
APPROPRIATENESS CRITERIA WRITING GROUP, TECHNICAL PANEL, TASK FORCE, AND INDICATION
REVIEWERSÐRELATIONSHIPS WITH INDUSTRY (IN ALPHABETICAL ORDER)

Committee Member Research Grant

Speakers Bureau/
Honoraries/

Expert Witness Stock Ownership Board of Directors

Consultant/
Scienti®c Advisory Board/

Steering Committee

Stress Echocardiography Appropriateness Criteria Writing Group

Dr. Pamela S. Douglas None None None None c GE Healthcare

Dr. Bijoy Khandheria None None None None None

Dr. Raymond F.
Stainback

None None None None None

Dr. Neil J. Weissman c Arena Pharmaceuticals
c Bristol-Myers Squibb Imaging
c Acusphere
c Medtronic
c Carbamedics
c Edwards
c St. Jude Medical

None None None c P®zer
c Wyeth Pharmaceuticals

Stress Echocardiography Appropriateness Criteria Technical Panel

Dr. Michael Blaivas None None None None None

Dr. Roger D. Des Prez None None None None None

Dr. Linda D. Gillam c Acusphere
c Bristol-Myers Squibb

c Bristol-Myers Squibb None None None

Dr. Terry Golash None None c Aetna None None

Dr. Robert C. Hendel c Astellas Healthcare
c GE Healthcare
c Cornatus Genetics

c Bristol-Myers Squibb None None c GE Healthcare

Dr. Loren F. Hiratzka None None None None None

Dr. William G.
Kussmaul

None None None None None

Dr. Arthur J. Labovitz c Boehringer Ingelheim
c Encysive

c Baxter Healthcare None None None
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Committee Member Research Grant

Speakers Bureau/
Honoraries/

Expert Witness Stock Ownership Board of Directors

Consultant/
Scienti®c Advisory Board/

Steering Committee

Dr. JoAnn Lindenfeld c Wyeth Pharmaceuticals
c NovoCardia
c Zealand
c SomoLogic

None None None None

Dr. Frederick A.
Masoudi

None c Takeda, North
America

None None c Takeda, North America
c Amgen
c United Healthcare

Dr. Paul H. Mayo None None None None None

Dr. Todd D. Miller c Bristol-Myers Squibb
c Radiant Medical
c TherOx
c TargeGen
c KAI Pharmaceuticals
c King Pharmaceuticals

None None None None

Dr. Eric D. Peterson c Millennium Pharmaceuticals
c Schering-Plough
c Bristol-Myers Squibb/Sano®

None None None None

Dr. David Porembka None None None None None

Dr. John A. Spertus c Amgen None c Amgen
c Outcomes

Instruments
c Health

Outcomes
Sciences

None c Amgen
c United Healthcare

Dr. Raymond F.
Stainback

None None None None None

Dr. L. Samuel Wann None None None None None

Dr. Susan E. Wiegers None None None None None

Stress Echocardiography Appropriateness Criteria Task Force

Mr. Joseph M. Allen None None None None None

Dr. Ralph G. Brindis None None None None None

Dr. Pamela S. Douglas None None None None c GE Healthcare

Dr. Robert C. Hendel c Astellas Healthcare
c GE Healthcare
c Cornatus Genetics

c Bristol-Myers Squibb None None c GE Healthcare

Dr. Manesh R. Patel None None None None c Genzyme
c Amgen

Dr. Eric D. Peterson c Millennium Pharmaceuticals
c Schering-Plough
c Bristol-Myers Squibb/Sano®

None None None None

Dr. Michael J. Wolk None None None None None

Stress Echocardiography Appropriateness Criteria Indication Reviewers

Dr. William Armstrong None None None None c Point Biomedical
c St. Jude Medical

Dr. Christopher M.
Kramer

c Siemens Medical Solutions
c Novartis Healthcare
c Astellas Healthcare
c Merck

c GE Healthcare None None None
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Committee Member Research Grant

Speakers Bureau/
Honoraries/

Expert Witness Stock Ownership Board of Directors

Consultant/
Scienti®c Advisory Board/

Steering Committee

Dr. Robert McNamara None None None None None

Dr. Catherine M. Otto None None None None None

Staff

American College of Cardiology Foundation
John C. Lewin, MD, Chief Executive Of®cer
Joseph M. Allen, MA, Director, TRIP (Translating Re-
search Into Practice)
Karen Cowdery Caruth, MBA, Senior Specialist, Appro-
priateness Criteria
Erin A. Barrett, Senior Specialist, Clinical Policy and
Guidelines
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