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Abstract

Background: As the volume of cardiac imaging continues to increase, so is the number of tests performed for rarely appropriate

indications. Appropriate use criteria (AUC) documents were published by professional societies with quality improvement (QI)

interventions developed in various institutions. However, the effectiveness of these interventions has not been assessed in a

systematic fashion. Methods: We performed a database search for studies reporting the association between cardiac imaging,

AUC and QI. We selected studies assessing the effect of QI interventions on performance of rarely appropriate echocardiograms.

The primary endpoint was reduction of rarely appropriate testing. Results: Nine studies with 22,070 patients met inclusion

criteria. QI interventions resulted in statistically significant reduction in rarely appropriate tests (OR 0.52, 95% CI 0.41-0.66;

p<0.01). The effects of QI interventions were analyzed over both the short (< 3 months) and long-term (> 3 months) post

intervention (OR 0.62, 95% CI: 0.49-0.79; p<0.01 in the short term, and OR 0.47, 95% CI: 0.35-0.62; p<0.01 in the long term).

Subgroup analysis of the type of intervention, classified as education tools or decision support tools showed both significantly

reduced rarely appropriate testing (OR 0.54, 95% CI: 0.41-0.73; p<0.01; OR 0.47, 95% CI: 0.36-0.61; p<0.01). Adding a

feedback tool did not change the effect compared to not using a feedback tool (OR 0.49 vs. 0.57, 95% CI: 0.36-0.68 vs. 0.39-

0.84; p>0.05). Conclusion: QI interventions are associated with a significant reduction in performance of rarely appropriate

echocardiography testing, the effects of which persist over time.
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Abstract:

Background : As the volume of cardiac imaging continues to increase, so is the number of tests performed
for rarely appropriate indications. Appropriate use criteria (AUC) documents were published by profes-
sional societies with quality improvement (QI) interventions developed in various institutions. However, the
effectiveness of these interventions has not been assessed in a systematic fashion.

Methods: We performed a database search for studies reporting the association between cardiac imaging,
AUC and QI. We selected studies assessing the effect of QI interventions on performance of rarely appropriate
echocardiograms. The primary endpoint was reduction of rarely appropriate testing.

Results: Nine studies with 22,070 patients met inclusion criteria. QI interventions resulted in statistically
significant reduction in rarely appropriate tests (OR 0.52, 95% CI 0.41-0.66; p<0.01). The effects of QI
interventions were analyzed over both the short (< 3 months) and long-term (> 3 months) post intervention
(OR 0.62, 95% CI: 0.49-0.79; p<0.01 in the short term, and OR 0.47, 95% CI: 0.35-0.62; p<0.01 in the
long term). Subgroup analysis of the type of intervention, classified as education tools or decision support
tools showed both significantly reduced rarely appropriate testing (OR 0.54, 95% CI: 0.41-0.73; p<0.01; OR
0.47, 95% CI: 0.36-0.61; p<0.01). Adding a feedback tool did not change the effect compared to not using a
feedback tool (OR 0.49 vs. 0.57, 95% CI: 0.36-0.68 vs. 0.39-0.84; p>0.05).

Conclusion: QI interventions are associated with a significant reduction in performance of rarely appropri-
ate echocardiography testing, the effects of which persist over time.

Background

Over the past several decades, the use of non-invasive cardiac imaging has increased faster than any other
form of healthcare. The utilization of transthoracic echocardiography has been estimated to grow at a rate
of approximately 6-8% per year.1,2 While this drastic rise has helped to accelerate patient care and diagnose
a broad spectrum of cardiac pathology, a large number of imaging studies are ordered for rarely appropriate
indications. These rarely appropriate echocardiograms have been reported to range from 6% to 23% of all
ordered studies for reference.3,4

The appropriate use criteria (AUC) for echocardiography were published by the American College of Car-
diology Foundation, the American Society of Echocardiography, and other professional societies in 2007 in
response to the growing demand for the use of echocardiography. This document was updated in 2011 re-
flecting new publications on this topic.5 In 2013 a decision was made by the professional societies to modify
the terminology to better reflect clinical practice and decision making.4,6 While older documents used appro-
priate, uncertain, and inappropriate as the criteria, all documents published after 2013 included appropriate,
may be appropriate, and rarely appropriate. A decision was also made to write multimodality imaging docu-
ments which includes transthoracic, transesophageal, and stress echo as well as all other modalities available
for cardiac imaging (nuclear stress test, CT, MRI, and invasive angiography), instead of focusing on single
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modality, again, reflecting clinical practice where more than one modality is available to choose from.7,8 Var-
ious QI interventions were developed to help incorporate the AUC guidelines into clinical practice. To date,
only few studies assessing the effectiveness of these AUC-guided interventions in changing provider behavior
have been published, and their ability to reduce the performance of rarely appropriate echocardiograms is
not known. Most studies that are available have been limited to single-center studies with limited cohorts
for comparison of QI intervention.

There have been very few systematic reviews currently looking at whether AUC-guided interventions are
an effective tool for reducing rarely appropriate echocardiograms. High-quality meta-analysis is vital for
substantiating evidence to show the utility of the AUC guidelines. We therefore conducted a systematic
review and meta-analysis to evaluate the effect of AUC quality improvement (QI) interventions aimed at
reducing rarely appropriate echocardiography testing. To capture older publications and yet be consistent
with the most updated AUC terminology, both “inappropriate” and “rarely appropriate” echocardiograms
were included in our meta-analysis and were referred to as “rarely appropriate”.

Methods

Data Search

This systematic review was performed using a preplanned protocol. The results were reported in adher-
ence to the guidelines of the PRISMA statement (Preferred Reporting Items for Systematic Reviews and
Meta-analyses). An experienced librarian created a search strategy utilized to systematically find relevant
publications. The search was conducted in February 2022. The question addressed in this meta-analysis was
whether QI interventions are associated with a reduction in inappropriate or rarely appropriate echocardio-
graphy testing and whether the effect persisted over time. A systematic search was conducted using Ovid
MEDLINE, EMBASE, Scopus, Web of Science, Google Scholar, and EBSCO CINAHL for relevant literature
that reported an association between cardiac imaging, AUC, and QI. The search was not restricted to time
or publication status (Figure 1).

Data sources

Two independent reviewers performed an electronic search using the following keywords: ”total quality man-
agement”, “quality improvement”, ”guidelines adherence”, ”appropriateness criteria”, ”appropriate use”,
”exercise test”, “stress test”, “cardiac imaging”, “echocardiogram”, and “echocardiography”. The refer-
ences of the included studies, other systematic reviews, and meta-analyses were also manually reviewed to
obtain a comprehensive list of studies. After identifying relevant studies, the full texts of the selected articles
were examined by both reviewers based on inclusion criteria. Disagreements were resolved by consensus.

Study Selection

Studies were selected using the PICO format to include those that assessed patients undergoing echocardio-
graphy (Population), comparing the effect of AUC guided QI interventions (Intervention) to pre intervention
or study groups not receiving the intervention (Comparison), assessing for a reduction in performance of
rarely appropriate echocardiograms (Outcomes).

Data Extraction

Two reviewers independently extracted the study data using a predefined data extraction sheet. Variables
that were extracted from the studies included: Lead author, year of publication, study design, QI tool, the
timing of follow-up, total echocardiography testing before and after QI, and rarely appropriate echocardio-
graphy testing before and after QI.

Data synthesis and statistical analysis

Meta-analysis was carried out comparing the effect of all QI interventions on the performance of rarely
appropriate echocardiography testing and also analyzed based on short-term (< 3 months) and long-term
(>3 months) effects. Subgroup analysis was performed for specific QI interventions, including Feedback

3
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Tool, Education Tool, or Decision Support Tool. Statistical analysis was performed using comprehensive
meta-analysis software.9The extent of heterogeneity was determined by I2 (ranging from 0% to 100%). Due
to high heterogeneity, we used a random-effects model to examine the effect and outcomes, which were
presented as odds ratio (OR) with Z-value. Statistical significance was considered with a P-value < 0.05 and
all tests were 2-sided. Funnel plot of standard error by log HR was created to qualitatively assess publication
bias.

Results

Our primary search identified 2018 potentially eligible studies. After removing duplicates, review articles,
abstracts, editorials, and letters, 28 full-text articles were examined. A total of 9 studies including 22,070
subjects met eligibility criteria and were included in our meta-analysis.3,10–17 3 studies were randomized
control trials comparing a QI intervention group to a non-intervention group while 6 were prospective studies
comparing rarely appropriate echocardiography ordering behavior in a single study group before and after
QI intervention. The mean follow-up was 14 months. Education Tools used in included studies were small
group lectures, grand rounds, printed educational resources, electronic AUC cards, and physical pocket-sized
AUC cards. Feedback Tools included feedback emails and performance reports sent to providers at different
intervals. Decision Support Tools were electronic medical record pop-ups when echocardiograms are ordered.

Effects of QI Interventions

QI interventions resulted in a statistically significant reduction in rarely appropriate tests compared to the
control group (OR 0.52, 95% CI 0.41-0.66; p<0.01) (Figure 2). The effects of QI interventions were analyzed
over both the short (< 3 months) and long-term (> 3 months) with (OR 0.62, 95% CI: 0.49-0.79; p<0.01)
in the short term and (OR 0.47, 95% CI: 0.35-0.62; p<0.01) in the long term (Figure 3). This suggests that
the introduction of a QI intervention resulted in both an immediate change in provider ordering behavior
to be more consistent with AUC guidelines, with increasing effect over time. When we compared the odds
ratios for short-term and long-term follow-up, we found that there may be a trend towards an increase in
effect on long-term follow-up.

We also performed subgroup analysis of the type of QI intervention to assess whether the effectiveness of
QI intervention varied by modality. Our analysis revealed that using either education tools or decision
support tools were both statistically significant in reducing rarely appropriate testing (OR 0.54, 95% CI:
0.41-0.73; p<0.01; OR 0.47, 95% CI: 0.36-0.61; p<0.01) (Figure 4). Feedback tools are often added to other
QI intervention modalities due to the assumption that it may augment the effect of QI interventions. Our
subgroup analysis showed that adding a feedback tool to either an education tool or a decision support tool
did not change the effect compared to not using the feedback tool. The odds ratios for QI intervention
with or without a feedback tool added were similar and demonstrated that QI interventions were effective at
reducing rarely appropriate testing even when used as the sole QI modality without addition of a feedback
tool (OR 0.49 vs. 0.57, 95% CI: 0.36-0.68 vs. 0.39-0.84; p>0.05) (Figure 5).

Conclusions

As healthcare increasingly shifts its focus toward value-based care, echocardiography has been a prime tar-
get for refinement as it remains a frontline tool for the diagnosis and management of various cardiovascular
diseases.18 Given its wide availability in all types of clinical settings as well as its safety profile, echocardiogra-
phy is at risk for being misused. Common outpatient scenarios in which rarely appropriate echocardiograms
are ordered include routine surveillance for heart failure with recent imaging less than one year prior, repeat
assessment of left ventricular ejection fraction in patients with coronary artery disease, monitoring trivial
or small pericardial effusions, and reassessment of valvular heart disease at an interval more frequent than
recommended by professional society guidelines.10 Common inpatient scenarios resulting in rarely appropri-
ate echocardiogram orders include fevers without bacteremia or new murmur, lightheadedness or presyncope
without other evidence of cardiovascular disease, evaluation for pulmonary embolism, and surveillance of
left ventricular ejection fraction in patients with coronary disease or patients with prior normal ventricular
function and no change in clinical status.11,19 It is especially important to target these rarely appropriate
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clinical scenarios as the volume of echocardiography testing continues to increase.

In our search through existing literature, studies evaluating the effectiveness of AUC-based QI interventions
have demonstrated mixed results. However, most of these studies have been single-center studies with only
the Echo WISELY trial being a multicenter trial.12 The results of our meta-analysis help to further clarify
this topic, demonstrating that AUC QI interventions are associated with a successful reduction in rarely
appropriate echocardiography testing. While some small studies showed that the effects of QI interventions
resulted in an initial significant change in target behavior with eventual loss of effect over time, our results
suggest that the effects of AUC-based QI interventions are persistent over long-term follow-up with a trend
towards further reduction in rarely appropriate testing.

It must be noted that when the initial professional societies AUC documents were published, echocardio-
graphy studies were characterized as “appropriate”, “uncertain”, or “inappropriate”. However, this was
subsequently revised to the categories of “appropriate”, “may be appropriate”, and “rarely appropriate”,
to acknowledge that studies previously characterized as “inappropriate” may be appropriate in certain spe-
cific, infrequently encountered clinical settings. In our review of existing literature, we included both sets of
nomenclature based on time of publication. However, to be consistent with the most updated AUC recom-
mendations, published results utilizing the outdated terminology of “inappropriate” were included as “rarely
appropriate” in our analysis. It is important to emphasize that for each specific indication the inappropriate
and rarely appropriate criteria are not exchangeable, however, since we didn’t look at specific indications,
but rather investigated the effect of an intervention of clinicians’ behavior, including both terminologies in
our analysis is perfectly reasonable.

One issue that has been called into question is whether the effectiveness of AUC QI interventions demon-
strated in single-center studies, is generalizable. Of particular interest is differences in adaptation of QI
interventions by physicians in training and more senior physicians. It is expected to see greater degree of
behavioral changes in practice among physicians in training, who are more receptive to changes in practice
behavior and feedback. Single center studies that are focused on trainees only, can therefore demonstrate
greater degree of effectiveness of such AUC QI interventions.10,11The advantage of our meta-analysis is that
it encompasses providers of different specialties as well as providers of differing levels of training, and the
results are therefore more generalizable.

Another important question is whether educational QI tools are effective in changing provider behavior
even when not combined with a feedback tool. Our study demonstrate that the use of a feedback tool is
not necessary for educational tools to be effective and that the addition of feedback tools to educational
or decision support tools did not further enhance QI intervention. Several studies have suggested that the
effectiveness of educational tools when used alone stems from the fact that many providers are simply not
aware of the existence of appropriate use criteria for ordering echocardiograms.13,15 These authors suggest
that by simply teaching providers about AUC indications for echocardiograms via modalities including
lectures and reference cards, there is a significant change in ordering behavior.

While we demonstrated in this meta-analysis that the addition of feedback tools was not necessary when
combined with other QI modalities, there is limited available data to draw conclusions regarding the effec-
tiveness of feedback tools when used as the solitary QI intervention. It has been seen in QI studies aimed
at reducing rarely appropriate testing done using other types of radiological imaging that feedback tools are
effective when used alone as an intervention.20–22 To our knowledge, there have not been any similar stud-
ies conducted for AUC-based QI interventions targeted towards rarely appropriate echocardiogram testing.
Furthermore, it is possible that the format for feedback delivery is also important. In the study by Bhatia et
al, it was observed that when feedback was given in both email format as well as performance reports, many
providers ignored email feedback but did access their performance reports.12 Further studies are needed to
better clarify both the role of feedback tools and format for feedback in AUC-based QI intervention.

Study Limitations

While this meta-analysis provides robust evidence for the utility of AUC QI interventions and incorporates

5



P
os

te
d

on
23

F
eb

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
67

71
73

52
.2

35
81

09
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

studies with a diverse group of providers, we believe that there is still not enough information to assess
whether the results can be generalized to physicians across specialties and whether there are inter-specialty
differences in the effectiveness of the interventions. Majority of the studies utilizing educational and feedback
tools were targeted at three particular specialties: cardiology, internal medicine, and primary care physicians.
However, in true clinical practice echocardiograms are ordered by physicians across all clinical specialties as
well as by mid-level providers. Additionally, given that the majority of included studies using educational
tools targeted a limited group of physicians, it is unclear how feasible it would be to implement similar QI
interventions in larger, multi-provider settings.

One aspect that limits generalizability of this meta-analysis is the heterogeneity seen across studies. This is
likely a result of differences in the inherent design and implementation of QI protocols across difference
studies, thus the heterogeneity was expected. We addressed this via subgroup analysis by type of QI
intervention and by duration of follow-up. This was effective in reducing heterogeneity in the decision-
support tool subgroup. We further addressed this using a random effect model for analysis, which accounts
for inherent differences in methodology and design across included studies.

Lastly, all studies included in this meta-analysis were performed at academic medical centers, making it
difficult to generalize the results to the community setting where a significant portion of echocardiograms
are ordered and performed.

The application of AUC-based QI interventions appears to be effective in reducing rarely appropriate echocar-
diography testing. This meta-analysis has shown that educational tools and decision support tools are ef-
fective QI interventions regardless of whether a feedback tool is incorporated. Further studies are needed to
elucidate the effectiveness of different formats of feedback tools as well as the generalizability of AUC-based
QI interventions in the community setting and across medical specialties.
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Figure Legend:

Figure 1: Flow diagram depicts study selection for inclusion in the meta-analysis according to the PRISMA
statement for reporting systematic reviews and meta-analyses.

Figure 2 : Forest Plot Demonstrating the effect of QI intervention on reducing rarely appropriate echocar-
diographic studies. Heterogeneity: df= 8 (P <0.01), I2 = 73.8; Test for overall effect: Z = -5.36 (P <0.01).

Figure 3: (a) Forest Plot Demonstrating the effect of QI intervention on reducing rarely appropriate
echocardiographic studies in short-term (<3 months). Heterogeneity: df= 4 (P <0.01), I2 = 72.1; Test for
overall effect: Z = -3.89 (P <0.01). (b) Forest Plot Demonstrating the effect of QI intervention on reducing
rarely appropriate echocardiographic studies in long-term (>3 months). Heterogeneity: df= 6 (P <0.01), I2
= 79.2; Test for overall effect: Z = -5.17 (P <0.01).

Figure 4: (a) Forest Plot Demonstrating the effect of using educational aid intervention on reducing rarely
appropriate echocardiographic studies. Heterogeneity: df= 5 (P <0.01), I2 = 77.63; Test for overall effect:
Z = -4.05 (P <0.01). (b) Forest Plot Demonstrating the effect of using decision support tool intervention
on reducing rarely appropriate echocardiographic studies. Heterogeneity: df= 3 (P 0.47), I2 = 0; Test for
overall effect: Z = -6.51 (P <0.01).

Figure 5: (a) Forest Plot Demonstrating the effect of using feedback tools as part of QI intervention on
reducing rarely appropriate echocardiographic studies. Heterogeneity: df= 4 (P <0.01), I2 = 80; Test for
overall effect: Z = -4.37 (P <0.01). (b) Forest Plot Demonstrating the effect of not using feedback tools as
part of QI intervention on reducing rarely appropriate echocardiographic studies. Heterogeneity: df= 3 (P
0.05), I2 = 60.89; Test for overall effect: Z = -2.83 (P <0.01).

Figure 1
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Figure 3
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Figure 4

Figure 5
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