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Effect of Educational Intervention on the Rate
of Rarely Appropriate Outpatient Echocardiograms
Ordered by Attending Academic Cardiologists
A Randomized Clinical Trial
David M. Dudzinski, MD, JD; R. Sacha Bhatia, MD, MBA; Michael Y. Mi, MD; Eric M. Isselbacher, MD, MHCDS; Michael H. Picard, MD; Rory B. Weiner, MD

IMPORTANCE Appropriate use criteria–based educational initiatives have been shown to
improve transthoracic echocardiography (TTE) ordering practices of physicians in training.
Whether such an intervention is successful with attending cardiologists remains unknown.

OBJECTIVE To prospectively investigate the effect of an appropriate use criteria–based
educational intervention on ordering of outpatient TTEs by attending academic cardiologists.

DESIGN, SETTING, AND PARTICIPANTS We conducted a prospective, randomized clinical trial of
an educational intervention designed to reduce the number of outpatient TTEs that were
deemed to be rarely appropriate by published appropriate use criteria. Investigators
classifying TTEs were blinded to participant groupings. The study was conducted within the
cardiology division at the Massachusetts General Hospital, an academic quaternary care
hospital. Staff members of the cardiology division were included; 66 cardiologists were
randomized. The study was conducted from November 19, 2013, to June 1, 2014. An analysis
of the evaluable population was performed.

INTERVENTIONS The appropriate use criteria–based educational intervention consisted of
a review lecture and electronic information card, as well as monthly individual physician
feedback via email. The email described the percentage of rarely appropriate TTEs as well as
the appropriate use criteria rationale for classifying studies as rarely appropriate.

MAIN OUTCOMES AND MEASURES We hypothesized a priori that the educational intervention
would reduce the number of rarely appropriate TTEs. The primary outcome was the rate of
rarely appropriate TTEs.

RESULTS Of the 66 cardiologists enrolled in the study, 65 were included in the analysis
(1 intervention cardiologist retired from practice during the study). The participants’ mean
(SD) age was 50.6 (10.5) years; 48 (73%) were men. Following intervention, the proportion of
rarely appropriate TTEs was significantly lower in the intervention vs control group (143 of
1359 [10.5%] vs 285 of 1728 [16.5%]; odds ratio [OR], 0.59 [95% CI, 0.39-0.88]; P = .01), and
there was a nonsignificant increase in the proportion of appropriate TTEs in the intervention
vs control group (1054 [77.6%] vs 1244 [72.0%]; OR, 1.38 [95% CI, 0.93-2.05]; P = .11). The
most common of the 428 rarely appropriate indications were routine surveillance within
3 years after prosthetic valve insertion (73 [17.1%]), routine surveillance within 1 year for
moderate or severe valvular stenosis (64 [15.0%]), and routine surveillance of
cardiomyopathy (45 [10.5%]) or ventricular function (36 [8.4%]).

CONCLUSIONS AND RELEVANCE An appropriate use criteria–based educational and feedback
intervention reduced the number of rarely appropriate TTEs ordered by attending academic
cardiologists. This strategy may be feasible to improve TTE utilization among cardiologists,
and this type of intervention warrants study in other practice environments.
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A ppropriate use criteria (AUC) were developed out of
concern regarding increased use of noninvasive car-
diac imaging services and Medicare spending be-

tween 1995 and 2006.1 The American College of Cardiology
Foundation published its first AUC document in 2005.2 The
AUC describe consensus ratings of the suitability of an imaging
test or intervention in a particular clinical scenario, thus guid-
ing physicians in decision making. Appropriate use criteria
presently exist for diagnostic imaging and procedures in
cardiology3,4 as well as in other specialties.5,6 Despite AUC being
available for more than a decade, there is still need for im-
provement in utilization of cardiovascular testing.7

Appropriate use criteria represent a possible method to
regulate growth of imaging services and health care costs. Few
studies have assessed the ability of AUC-based educational in-
terventions to change physicians’ behavior. Such studies8-12

have evaluated the effect of AUC on echocardiography, single-
photon emission computed tomography, and coronary com-
puted tomographic angiography, achieving various levels of
success. Studies of transthoracic echocardiography (TTE) have
been limited by the lack of randomized clinical trial design8

or inclusion of only physicians in training.9

Whether an AUC-based educational intervention can re-
duce rarely appropriate TTEs ordered by attending-level aca-
demic cardiologists is unknown. It is possible that physicians

in training may be more responsive to feedback-based inter-
ventions, thereby resulting in success of the previous study.9

We therefore designed and conducted what we believe to be
the first randomized clinical trial of an AUC-based educa-
tional and feedback intervention to determine whether such
an intervention would reduce the rate of rarely appropriate out-
patient TTEs ordered by attending academic cardiologists.

Methods
We conducted a prospective, randomized clinical trial of an
AUC-based educational and feedback intervention designed
to reduce rarely appropriate outpatient TTEs ordered by at-
tending academic cardiologists. We randomized cardiolo-
gists 1:1 by random number generator into control and inter-
vention groups (Figure 1). The study period was November 19,
2013, to June 1, 2014. The study protocol (Supplement 1) was
reviewed and approved by the Partners HealthCare Institu-
tional Review Board. Participant physicians provided verbal
consent prior to study initiation; no financial compensation
was provided.

Study Environment
This study was conducted in ambulatory cardiology prac-
tices at Massachusetts General Hospital, a quaternary care
academic medical institution in Boston. Study participants
were cardiologists on staff at Massachusetts General Hospi-
tal with a hospital clinical appointment and an academic
appointment at Harvard Medical School, as well as an active
outpatient cardiology practice. Participant academic cardi-
ologists practice in noninvasive, heart failure and transplant,
electrophysiology, or interventional cardiology settings.
These staff cardiologists care for a variety of patients,
including new outpatient consults, established patients, and
posthospitalization follow-up patients. Each staff cardiolo-
gist has patients with general cardiovascular problems, but
most practice within an area of special expertise. A TTE is
typically not preordered for initial or follow-up visits unless
the cardiologist has made a decision to order the study. All
orders for TTEs were made by the cardiologist, and TTEs
ordered by other health care professionals working with a

Figure 1. CONSORT Diagram

67 Academic cardiologists assessed
for eligibility

1 Excluded (study staff involved
in data analysis)

32 Cardiologists included in analysis

20 General cardiology
3 Heart failure transplant
4 Interventional cardiology
5 Electrophysiology

Practice area a

5 Professor
6 Associate professor

10 Assistant professor
11 Instructor

Academic rank b

33 Cardiologists included in analysis

17 General cardiology
5 Heart failure transplant
5 Interventional cardiology
6 Electrophysiology

Practice area a

5 Professor
7 Associate professor
9 Assistant professor

12 Instructor

Academic rank b

33 Randomized to receive intervention 33 Randomized to control

0 Lost to follow-up
1 Discontinued intervention

(retired from practice)

0 Lost to follow-up
0 Discontinued

66 Cardiologists randomized

Attending academic cardiologists were randomized into control and
intervention groups. Control and intervention groups were similar in terms of
composition by academic cardiologists’ areas of subspecialty practice and
academic rank.
a P = .86 for difference by practice area between intervention and control

groups.
b P = .99 for difference by academic rank between intervention and control

groups.

Key Points
Question Does an educational and feedback intervention reduce
rarely appropriate transthoracic echocardiograms (TTEs) ordered
by attending academic cardiologists?

Findings In this randomized clinical trial of 65 academic
cardiologists, the proportion of rarely appropriate TTEs (judged by
published appropriate use criteria for echocardiography) was
significantly lower in the intervention group (10.5%) compared
with the control group (16.5%).

Meaning Targeted educational interventions for attending
cardiologists may improve the utilization of echocardiography by
reducing rarely appropriate studies.
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cardiologist (ie, nurse practitioners) were excluded. During
the study period no decision-support tool existed at the
point of TTE ordering.

Intervention
Physicians in the intervention group received a lecture on AUC
concepts and a review of common clinical scenarios in which
TTE is appropriate and rarely appropriate. After each calen-
dar month, physicians in the intervention group received in-
dividualized email feedback documenting the total numbers
of TTEs ordered and how many were classified as appropri-
ate, may be appropriate, and rarely appropriate by 2011 AUC.3

This terminology was consistent with the AUC methodology
and nomenclature update.13 For TTEs characterized as rarely
appropriate, an explanation of the rationale for this classifi-
cation was provided in the feedback.

Physicians in the control group received the same lec-
ture and had TTE ordering tracked and classified but
received no feedback on ordering behavior. Study partici-
pants could not be blinded to their study arm but were
blinded to the assignment of their colleagues. Participants
were instructed to not discuss the study or group assign-
ment with peers, although this could be neither strictly
monitored nor enforced. Investigators conducting TTE clas-
sification were blinded to the assignments of a cardiologist
to the intervention or control group.

Data Collection and TTE Classification
Lists of TTEs ordered during the study period by cardiolo-
gists in the control and intervention groups were created; TTEs
performed for research were excluded. The date and clinical
rationale for each TTE were ascertained by thorough review
of the electronic medical record (EMR).9 At our institution, the
EMR is a comprehensive database composed of inpatient and
outpatient data, including notes, laboratory tests, and diag-
nostic studies. The EMR also includes records from 10 other
hospitals in the Partners HealthCare network; TTE reports from
other facilities are frequently scanned into the EMR.

Individual TTEs were classified by study investigators
(D.M.D. and R.B.W.) according to 2011 AUC after a detailed
review of EMRs with reference to the cardiologist’s stated
indication, purpose, and clinical concerns as well as
patients’ symptoms, signs, and results from prior testing. If
the investigators disagreed on categorization and were
unable to reach a consensus, a third study investigator
(M.H.P.) was available to adjudicate. All TTEs were classified
as appropriate, may be appropriate, or rarely appropriate; if
the TTE could not be fit into one of the existing 2011 AUC
indications, it was considered unclassifiable. Investigators
were blinded to cardiologist assignment to the control or
intervention group so as to not bias classifications. Outside
TTE reports and images were used to assist in classification
if sufficient information was available or, conversely, if the
cardiologist’s note indicated that the outside study was
incomplete or unable to answer the clinical question. Patient
demographics and comorbidities were determined through
automated EMR review and classified according to Interna-
tional Classification of Diseases, Ninth Revision, codes.

Outcome Measures
The primary outcome measure was the rate of rarely appro-
priate TTEs. Secondary outcomes included rates of appropri-
ate TTEs and may be appropriate TTEs. The rate of unclassi-
fiable TTEs and the most common appropriate and rarely
appropriate indications for TTEs were also assessed.

Statistical Analysis
The baseline rate of rarely appropriate TTEs was 22.0%
according to previous retrospective data from our
institution.14 Using logistic regression analysis with PASS,
version 12 software (NCSS Statistical Software, LLC), we
calculated that a total of 440 TTEs, split evenly between
intervention and control groups, was required to detect a
10% absolute reduction in the rarely appropriate ordering
rate, with 80% power and at significance level of α = .05. Cat-
egorical variables for cardiologists were compared using the
Fisher exact test; continuous variables were compared using
an unpaired, 2-tailed t test. The median numbers of TTEs
ordered by cardiologists in each group were compared using
the Wilcoxon rank sum test. We compared the absolute rates
of rarely appropriate, may be appropriate, and appropriate
TTEs ordered in the intervention and control groups using
mixed-effects logistic regression incorporating cardiologists
as random effects, with random intercepts to account for any
intercardiologist differences in ordering.15 Unclassifiable
TTEs were excluded from analyses. Statistical analyses were
carried out using RW, version 3.2.2 (R Foundation; https://www
.r-project.org/). Statistical significance is indicated by P < .05.

Results
Participants
A total of 66 staff cardiologists participated, with 33 cardiolo-
gists randomized to the control group and 33 randomized to
the intervention group. The participants’ mean (SD) age was
50.6 (10.5) years; 48 (73%) were men. One cardiologist in the
intervention group retired after randomization and was ex-
cluded from analysis. Practice subspecialty and academic rank
were similar between the control and intervention groups
(Figure 1).

Patients
From November 19, 2013, to June 1, 2014, there were a total
of 19 691 patient visits to staff cardiologist outpatient prac-
tices: 9750 in the control group and 9941 in the intervention
group, with 7909 and 8116 unique patients, respectively. Table 1
compares the patient characteristics between the 2 groups.
There were many statistically, but not clinically, significant dif-
ferences present, with most absolute differences (except hy-
perlipidemia) less than 3%.

TTEs Ordered and Appropriateness Classification
During the study, a total of 3193 TTEs were ordered: 1775 by
cardiologists in the control group (55.6%) and 1418 by cardi-
ologists in the intervention group (44.4%). There was a skewed
distribution of TTEs ordered and a nonsignificant difference
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in the median number of TTEs ordered by physicians in the
control group (30 TTEs per cardiologist; mean [SD], 53.8 [54.6])
vs the intervention group (36 TTEs per cardiologist; 44.3 [33.4])
(P = .90).

Using the 2011 AUC, 308 of 3193 TTEs (96.7%) were clas-
sifiable. The most common reasons for unclassifiable TTEs
most often involved atrial fibrillation (follow-up or before ab-
lation) (eTable 1 in Supplement 2). Of classifiable TTEs, the pro-
portion of those that were rarely appropriate was signifi-
cantly lower in the intervention group (143 [10.5%] of 1359) than
in the control group (285 [16.5%] of 1728) (odds ratio [OR], 0.59
[95% CI, 0.39-0.88]; P = .01) (Table 2). The proportion of ap-
propriate TTEs in the intervention group (1054 [77.6%] of 1359)
was higher than that in the control group (1244 [72.0%] of 1728),
but the difference was not significant (OR, 1.38 [95% CI, 0.93-
2.05]; P = .11). Month-by-month data for rarely appropriate
TTEs in the intervention and control groups are shown in
Figure 2. When the date on which a TTE was performed was
added to the regression model, both the date and the inter-
vention were significant for a reduction in the rate of rarely ap-
propriate TTEs (P = .01), indicating that, although the overall
rate of rarely appropriate TTEs decreased over time, the in-

tervention group demonstrated a significantly greater reduc-
tion over time than the control group.

Analysis of ordering patterns by individual staff cardi-
ologists showed that 25 of the 32 participants (78.1%) in the
intervention group ordered at least 1 rarely appropriate TTE;
1 of 32 physicians (0.31%) in the intervention group ordered
no TTEs during the study period. Similarly, 29 participants
(87.9%) in the control group ordered at least 1 rarely appro-
priate TTE. The individual ordering patterns of staff cardi-
ologists are shown in Figure 3; percentages for any cardiolo-
gist may not total 100% if there were TTEs classified as may
be appropriate.

When stratified by academic rank (eFigure in Supplement
2), all ranks demonstrated a trend to a lower (or equivalent)
rate of rarely appropriate TTEs in the intervention vs control
group. Adding academic rank to the mixed regression model
showed that no group had a significantly higher rate of rarely
appropriate TTEs.

The most common appropriate and rarely appropriate in-
dications for TTEs ordered during the study are reported in
eTable 2 in Supplement 2. All of the most common rarely
appropriate indications were AUC scenarios classified as

Table 2. TTE Ordering and Appropriateness Ratings

Rating

Group

OR (95% CI) P ValueIntervention Control

Total TTE ordered, No. 1418 1775 NA NA

Classifiable, No. (%) 1359 (95.8) 1728 (97.4) NA NA

Appropriate, No. (%) 1054 (77.6) 1244 (72.0) 1.38 (0.93-2.05) .11

May be appropriate, No. (%) 162 (11.9) 199 (11.5) 0.99 (0.59-1.67) .96

Rarely appropriate, No. (%) 143 (10.5) 285 (16.5) 0.59 (0.39-0.88) .01

Abbreviations: NA, not applicable;
OR, odds ratio; TTE, transthoracic
echocardiogram.

Table 1. Comparison of Patient Characteristics

Characteristic

Group, No. (%)

P ValueControl Intervention

No. of patient visits 9941 9750

No. of patients 8166 7909

Age, mean (SD), y 66 (15) 65 (16) <.001

Male sex 4943 (60.9) 4604 (58.2) <.001

Medicare 4543 (56.07) 4133 (52.3) <.001

Admissions 1989 (24.5) 1944 (24.6) .93

Angina 1062 (13.1) 989 (12.5) .28

Previous MI 630 (7.8) 489 (6.2) <.001

Previous PCI 416 (5.1) 375 (4.7) .27

CABG 220 (2.7) 180 (2.3) .09

Heart failure 1221 (15.0) 1325 (16.8) .003

Diabetes 1762 (21.7) 1743 (22.0) .62

Hypertension 5206 (64.1) 5499 (69.5) <.001

Hyperlipidemia 6007 (74.0) 4956 (62.7) <.001

Atrial fibrillation 2948 (36.3) 2583 (32.7) <.001

Chronic kidney disease 1132 (13.9) 1257 (15.9) <.001

Cancer 1440 (17.7) 1218 (15.4) <.001

COPD 950 (11.7) 921 (11.6) .92

Peripheral vascular disease 873 (10.8) 762 (9.6) .02

Abbreviations: CABG, coronary artery
bypass graft; COPD, chronic
obstructive pulmonary disease;
MI, myocardial infarction;
PCI, percutaneous coronary
intervention.
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routine surveillance, which excludes situations in which there
was a change in symptoms, clinical status, examination, or
other findings.3 Specific rarely appropriate indications in-
cluded surveillance within 3 years of prosthetic valve implan-
tation (73 [17.1%] of 428), surveillance within 1 year for mod-
erate or severe valve stenosis (64 [15.0%] of 428), surveillance
within 1 year for known cardiomyopathy (45 [10.5%] of 428),
and surveillance of ventricular function (36 [8.4%] of 428).

Discussion
To our knowledge, this study was the first prospective, ran-
domized clinical trial of an AUC-based educational interven-
tion aimed at outpatient TTE ordering by attending academic
cardiologists. The educational and feedback intervention re-
duced the rate of rarely appropriate TTEs ordered by staff car-
diologists at an academic medical center. Scheduled provider-
level feedback may therefore represent a viable strategy to
improve practice patterns and optimize utilization of outpa-
tient TTE. Because more than half of rarely appropriate TTEs
were performed for routine surveillance of cardiac condi-
tions in the absence of clinical changes, focusing educational
efforts on such scenarios may improve adherence to AUC-
based practices.

Appropriate use criteria were developed in response to in-
creasing use of noninvasive cardiac imaging services and re-
sultant health care costs. For echocardiography, initial AUC for
TTE were published16 in 2007 and updated3 in 2011. Appro-
priate use criteria have allowed for characterization of prac-
tice patterns and determination of appropriateness rates. One
common finding has been a higher rate of rarely appropriate
TTEs in the outpatient vs inpatient setting.14 “Surveillance”
studies, referring to several TTEs in patients with known car-
diovascular disease but neither changes in clinical status nor
physical examination findings, typically drive higher outpa-
tient rates of rarely appropriate TTE,14,17 as was the case in the
present investigation.

Educational intervention studies have been designed to
actively use AUC to educate ordering clinicians in efforts to re-
duce the number of rarely appropriate imaging studies. The
literature base in this field is relatively small, and studies to
date18 have achieved mixed results. Attempts to apply AUC to
improve utilization of single-photon emission computed to-
mography and stress echocardiography met with limited
success.10,11 In contrast, in a study of coronary computed to-
mographic angiography, rarely appropriate studies de-
creased 60% (intervention included educational conferences
and possible loss of third-party payer coverage).12 For TTEs,
the first such AUC-based educational study, conducted on in-
patient medical services, showed that a didactic lecture, pocket
card applying the AUC for common clinical scenarios, and
twice-monthly feedback emails resulted in a significant re-
duction of rarely appropriate TTEs.8 A subsequent random-
ized study9 of an AUC educational and feedback intervention
aimed at physicians in training in an outpatient cardiology en-
vironment resulted in the proportion of rarely appropriate TTEs
being significantly lower in the intervention vs control group.

The present investigation adds to the literature base in
this emerging field as what we believe to be the first study of
an AUC-based educational intervention aimed at TTE order-
ing by attending academic cardiologists. It could be hypoth-
esized that these cardiologists would be less likely than
trainees to change their ordering practice based on educa-
tion and feedback; however, our study suggests that attend-
ing academic cardiologists may be responsive and therefore
a target population for further programs aimed at improving
practice. In addition, the present study is, to our knowledge,
only the second randomized clinical trial of an AUC-based
educational and feedback intervention, with the first such
trial being limited to physicians in training.9 Our findings are
consistent with prior results10,18 that more intensive inter-
vention involving active engagement and feedback has a
greater likelihood to effect change than relatively passive
interventions.

Results from our study indicate that attending academic
cardiologists can amend their ordering of outpatient TTEs in
response to education and feedback. Within each academic
stratum, cardiologists in the control group ordered more rarely
appropriate TTEs compared with cardiologists in the inter-
vention group. This finding suggests that the educational in-
tervention used in the present study can be successful with
most academic cardiologists along a spectrum of experience
levels, although the most accomplished cardiologists (profes-
sors) may have more fixed behavior. Conversely, we could have
hypothesized that junior faculty—trained in an era of cost-
consciousness—may exhibit better adherence to AUC. Identi-
fying groups that are most in need of and responsive to AUC
interventions represents important future work.

Our study indicated that a relatively small number of clini-
cal indications make up the majority of rarely appropriate TTEs
in the outpatient setting. These TTEs focus on reassessment
of patients with known cardiovascular disease (eg, valvular or
heart muscle disease) but without changes in clinical status or

Figure 2. Percentage of Rarely Appropriate Transthoracic
Echocardiograms (TTEs) Ordered in Intervention and Control Groups
Over Time
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physical examination. In this setting, TTEs ordered before a
prespecified time interval (ie, within 3 years in the case of mild
valvular regurgitation and/or stenosis) are classified as rarely
appropriate. This finding supports prior retrospective data
using AUC14 and indicates that tailoring educational interven-
tions to these highest-yield indications may be necessary to
produce measurable improvements in ordering behavior. In ad-
dition, this study provides novel data regarding unclassifi-
able TTEs. Although the 2011 AUC significantly reduced the
number of unclassifiable TTEs,14,17 a small percentage re-
main unclassifiable. The present study, to our knowledge, rep-
resents the largest AUC study of TTE ordering (>3000 TTEs),
and several indications emerged as the most common rea-
sons for unclassifiable TTEs. These included atrial fibrillation
(follow-up or preablation TTEs), serial cardiac resynchroniza-
tion therapy follow-up without worsening heart failure or sus-
picion of device dysfunction, and left ventricular function as-
sessment after nonacute coronary syndrome revascularization.
It is possible that the need for practice improvement in these
domains is greater than believed, since the AUC do not read-
ily capture clinical practice in these particular settings.

There are several limitations of this study. First, the trial
was aimed at attending academic cardiologists, and the ef-
fect of performing this type of intervention on attending phy-
sicians from other disciplines (ie, general internists) is un-
known. Noncardiologists (eg, primary care, family practice,
surgeons, neurologists) ordered up to half of the TTEs in a large
Medicare database19; therefore, any systemic efforts will need
to include physicians other than cardiologists. Similarly, stud-
ies need to involve nurse practitioners who may work closely
with cardiologists and order TTEs. Because the study was lim-
ited to attending academic cardiologists, the number of par-
ticipants was relatively small, with only 33 physicians as-
signed to each group. Second, this study was performed at an
academic center, where several specialized referral cardiac pro-
grams (eg, interventional valvular disease, thoracic aortic dis-
ease, and adult congenital heart disease) exist; therefore, our
findings may not be generalizable to other practice environ-
ments. Such limitations will be addressed by an ongoing, mul-
tisite international trial of an AUC-based educational inter-
vention aimed at improving appropriate use of TTEs in various
settings.20 In the present study, there was a nonsignificantly

Figure 3. Individual Academic Cardiologist Ordering Data
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Individualized academic cardiologist data show the aggregate percentage of
appropriate transthoracic echocardiograms (TTEs) and rarely appropriate TTEs
ordered during the study by each cardiologist in the control group (A) and
intervention group (B). In the control group, cardiologist 1 had neither

appropriate nor rarely appropriate TTEs and so has 0% on the bar graph. In the
intervention group, cardiologist 1 did not order any TTEs during the study
period and so has 0% on the bar graph.
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increased number of TTEs ordered in the control group, and
it is unclear whether this greater number was attributable to
differences in the patient population (ie, more myocardial in-
farctions, cancer, and atrial fibrillation in the control group)
or baseline physician preferences and ordering practices. In ad-
dition, the control group’s rarely appropriate rate was lower
than anticipated at 16.5% vs 22.0%, but this rate may reflect
better knowledge possessed by attending academic cardiolo-
gists regarding appropriate utilization of TTE. Furthermore,
the rarely appropriate TTE rate was lower in the intervention
than control group in the first month of the study, although
this difference was not statistically significant (P = .64). Both
groups received an introductory lecture, but perhaps know-
ing that they were to receive individual feedback stimulated
a change in ordering from the outset in the intervention group.
The possibility that the observed changes in appropriate and
rarely appropriate rates result from changes in documenta-
tion, rather than actual changes in practice, cannot be ex-
cluded. Moreover, academic physicians may be more moti-

vated to alter practice patterns in the context of a research
protocol. The sustainability of the impact of this type of inter-
vention needs further study since there are discrepant data on
the long-lasting effects of these types of interventions.12,21

Finally, the effect of adherence to AUC on patient outcomes
and cost-effectiveness requires future study.

Conclusions
We report what we believe to be the first prospective, random-
ized clinical trial of an AUC-based educational intervention
aimed at ordering of outpatient TTEs by attending academic
cardiologists. The educational and feedback intervention re-
duced ordering of rarely appropriate TTEs, which indicates that
this type of intervention may be used to improve TTE utiliza-
tion. Educational and feedback interventions warrant study
in various practice environments and with other types of
ordering health care professionals.
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