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Abstract
Introduction The 2011 Appropriate Use Criteria (AUC) were developed by the American Society of Echocardiography (ASE) to
provide guidance for referring physicians in response to growing concerns about unnecessary transthoracic echocardiogram
(TTE) requests. Very few studies have assessed how medical centers overseas perform against AUC. Evidence is now emerging
that inappropriate referral rates in Europe are similar to those reported in the US.
Objective This study systematically reviewed published evidence to identify (1) whether the 2011 AUC are applicable tomedical
centers outside the US (2) the level of adherence to the AUC across multiple centers, (3) the main factors which cause deviation
fromAUC, (4) any changes in referral rates since the publication of AUC, and (5) any factors and/or intervention strategies which
promote adherence to AUC.
Methods and results Electronic databases were systematically searched for papers related to AUC and cardiac imaging.
Following screening and application of eligibility criteria, data was extracted from ten reports involving 8561 TTE studies.
Classification rates were 99.5 and 98% for US studies and studies outside the US respectively. Overall, 7119 TTE studies were
classified as appropriate (83.1%) of which 3724 were US referrals (84.7%) and 3395 originated outside the US (81.5%). Six of
the included studies independently observed significantly more appropriate referrals among inpatients compared to outpatients
(p < 0.001). US centers observed no significant difference in appropriate referral rates between physician specialties while one
UK study showed cardiac surgeons ordered inappropriate TTEs more frequently than other specialties (p < 0.05). This review
found no obvious trend in appropriate referral rates between 2012 and 2015 indicating no temporal change in physician ordering
patterns. Only one educational interventional study met the author’s criteria which showed that while intervention was effective
during its implantation (26% reduction in TTEs ordered per day), TTE referral rates regressed to pre-intervention levels overtime.
Conclusions In conclusion, the American guideline AUC are applicable to centers outside the US and their implementation
across five international centers suggest almost 1 in 5 scans could be avoided.
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Introduction

Transthoracic echocardiography (TTE) is a versatile,
widely available, and overall invaluable asset in the as-
sessment of unwell patients. However, these same char-
acteristics coupled with the negligible risk associated
with the diagnostic tool may encourage overuse. In the
United States (US), TTE referrals have doubled in the
past decade constituting approximately half of all cardiac
imaging services [1]. In 2010, TTE accounted for 11%
and more than $1.1 billion of Medicare diagnostic imag-
ing spending [2]. In response to the increased use of
cardiac imaging, the American College of Cardiology
Foundation (ACCF) in collaboration with the American
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Society of Echocardiography (ASE) and other subspe-
cialty societies published Appropriate Use Criteria
(AUC) for TTE in 2007 and a second updated version
was released in 2011 [3, 4].

The revised 2011 Appropriate Use Criteria
for echocardiography

The revised criteria classified 98 potential indications for TTE
each with an appropriate use score determined by a technical
panel of cardiovascular, imaging, and primary care specialists.
Scores of 7–9 were considered Bappropriate^, scores of 4–6
were classified as Bunsure^, while scores of 1–3 were consid-
ered Binappropriate^ studies. When applied across multiple
settings, the rate of inappropriate referrals was as high 22%
[5–11]. Reported factors that cause deviation from the AUC
include outpatient settings and non-cardiologist referrals while
routine TTE monitoring in the absence of a change in clinical
status or clinical evidence of cardiovascular disease is the
main cause of inappropriate referrals [11, 12]. Furthermore,
a number of studies have reported that appropriate TTEs have
a higher prevalence of new, unexpected, or treatable findings
compared to inappropriate TTEs [13, 14]. These findings,
coupled with the high rate of inappropriate referrals reported
throughout the US, suggest a strict compliance to the 2011
AUC could address current demands on echocardiography
services and reduce diagnostic imaging spending.

Are they relevant outside the US?

There is limited data available on how clinical requests for
TTE compare with the AUC and most studies have been per-
formed in single academic centers throughout the US [11–15].
Very few studies have assessed how medical centers overseas
perform against the AUC. Evidence is now emerging that
inappropriate referral rates in Europe are similar to those re-
ported from the US [10, 16–18]. These studies found over
95% of its TTE studies were captured by the 2011 AUC indi-
cating these criteria could be applied to centers outside the US.

Aims and objectives

The aim of this paper is to systematically review the current
literature on the appropriate use of TTE according to the 2011
AUC with a view to establishing the following:

1. How applicable are the 2011 AUC to medical centers
outside the US?

2. How many TTE studies are appropriate, inappropriate, or
uncertain, and is there a difference between US and non-
US centers?

3. What are the main factors reported in the literature which
cause deviation from the 2011 AUC?

4. Are there any factors and/or intervention strategies
reported in the literature which promote adherence to
the 2011 AUC and reduce overall TTE studies
ordered?

This review will inform clinicians as to the applicabil-
ity of AUC to an Irish hospital setting with the overall
aim of reducing the demand placed on non-interventional
cardiology through rational use of imaging services.
Additionally, the identification of factors which cause de-
viation from AUC could inform education intervention
strategies in the future.

Materials and methods

Literature search strategy

Relevant literature to the research objective was identified by
a systematic search of Medline through PubMed. The last
search date was 21 January 2016. The literature search was
performed using the following strategy:

(i) One or more imaging term: Bechocardiography^ [All
Fields] OR Bechocardiogram^ [All Fields] OR
Btransthoracic echocardiography^ [All Fields] OR
Btransthoracic echocardiogram^ [All Fields] OR
Bechocardiography studies^ [All Fields] OR Bcardiac
ultrasound^ [All Fields] OR Bcardiac imaging^ [All
Fields]

AND

(ii) One or more rational use of imaging term:
Bappropriate use^ [All Fields] OR Bappropriate use
criteria^ [All Fields] OR Bappropriate use criteria
auc^ [All Fields] OR Bmisuse^ [All Fields] OR
Brational use^ [All Fields] OR B2011 appropriate
use criteria^ [All Fields] OR B2011 revised appro-
priate use criteria^ [All Fields]

AND

(iii) One or more population sample term: Binpatient^ [All
Fields] OR Binpatients^ [All Fields] OR Boutpatient^
[All Fields] OR Boutpatients^ [All Fields] OR Bpatient^
[All Fields] OR Bpatients^ [All Fields]

AND

(iv) One or more hospital setting term: Bacademic^ [All
Fields] OR Bcommunity^ [All Fields] OR Btertiary^
[All Fields] OR Bregional^ [All Fields]
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Study inclusion criteria

To be included studies must

(i) Study adult patients ≥ 18 years old
(ii) Examine use of transthoracic echocardiography
(iii) Examine adherence to the 2011 ACCF/ASE

Appropriate Use Criteria
(iv) Be available as a full text

Study exclusion criteria

All published, peer-reviewed studies were eligible for inclu-
sion, no date limits were imposed, but due to feasibility, stud-
ies that were not available in English were excluded. Studies
were excluded if they did not report:

(i) Most frequent AUC-classified appropriate indications
(ii) Most frequent AUC-classified inappropriate indications
(iii) The percentage of echocardiography studies classifiable

by the AUC

Selection of studies

The above inclusion and exclusion criteria were systematical-
ly applied in sequence to arrive at the final set of original
articles. From the initial search result, article titles were
reviewed. If it was obvious from the title that the study did
not meet the inclusion criteria, the article was excluded. The
abstracts of remaining studies were reviewed by the author of
this literature review and excluded if they did not meet the
inclusion criteria. Full text articles were subsequently assessed
by the same author and excluded based on the above exclusion
criteria. All remaining articles were individually critiqued and
checked for validity with the EBLCritical Appraisal Checklist
(Supplementary Table 1).

Data extraction and analysis

Data was extracted from the final set of articles and presented
in tables. Table 5 describes the hospital setting in which the
2011 ACCF/ASE Appropriate Use Criteria were applied
which included the number of hospitals, type of hospital
(e.g., academic), and country of origin. The study type was
noted as well as the population being studied (e.g., inpatients)
and sample size (n). In terms of AUC classification findings,
only 2011 AUC classifications were reported in studies which
compared the revised 2011 AUC to the 2007 criteria. For
studies which assessed the effect of an educational interven-
tion on appropriate referral rates, the pre-intervention findings
were reported to maintain comparability with other studies.

The most common inappropriate indication(s) were noted as
reported by studies including any differences observed be-
tween population samples.

Results

Figure 1 illustrates the flow diagram used for study inclusion
and exclusion. Of the 38 articles initially identified, 17 publi-
cations met inclusion criteria and required full-text evaluation.
Seven publications were excluded as five studies did not re-
port the most common appropriate or inappropriate indica-
tions while another two studies did not report the percentage
of echocardiography studies classifiable by the AUC. Overall,
ten studies were identified that met the criteria and were in-
cluded in this literature review.

Applicability of the 2011 Appropriate Use Criteria
across multiple centers

Figure 2 illustrates the applicability of the 2011 AUC to five
studies conducted in the US: one in Canada, three in the
European Union (UK, Portugal, Italy), and one in Australia
[9–15, 17, 19, 20]. Overall, 8561 studies were extracted from
the included studies of which 8460 were classifiable (98.8%).
In terms of region, 4396 US studies were identified with 4378
classifiable (99.5%) while 4165 non-US studies were identi-
fied with 4082 classifiable (98.0%).
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Reported Appropriate Use Criteria classifications

Rates of appropriate use

Table 5 shows the appropriate use rates reported across the ten
studies. Overall, 7119 TTE studies were classified as appropri-
ate (83.1%), 1067 as inappropriate (12.5%), and 367 as unsure
(4.2%). In the US, 3724 referrals were appropriate (84.7%),
462 inappropriate (10.5%), and 203 unsure (4.6%), while 3395
referrals outside the US were appropriate (81.5%), 605 inap-
propriate (14.5%), and 165 unsure (4%) (Tables 1 and 2).

Most common inappropriate TTE referrals

Table 3 shows the most frequent inappropriate TTE indica-
tions extracted from the included studies. Overall, the most
inappropriate TTE referral was Indication 11 (108 studies).
The most common inappropriate TTE referral in the US re-
gions was Indication 53 (63 TTE studies) and Indication 11 in
non-US regions (108 TTE studies) (see Supplementary
Table 2).

Reported factors that influence deviation
from Appropriate Use Criteria

Three major factors were considered when examining devia-
tion from the AUC including inpatient versus outpatient set-
ting, specialty of referring physician, and time from 2011
AUC publication.

Outpatient versus inpatient referrals

Six out of the ten studies included both inpatient and
outpatient TTE referrals in their analysis [10–13, 17,
19]. All studies showed significantly more appropriate
referrals among inpatient populations compared to outpa-
tient populations. The most common inappropriate TTE
referral among outpatients was Indication 11 (108 TTE
studies). Two studies independently showed Indication
11 was significantly more prevalent among outpatient re-
ferrals compared to inpatients (p < 0.001) [17, 19]. The
most common inappropriate TTE referral among inpa-
tients was Indication 53 (74 TTE studies). Statistical com-
parisons between inpatient and outpatient populations
were variable with one study reporting Indication 53 and
another reporting Indication 13 being significantly more
prevalent among inpatients [17, 19]. Of the six studies
that included inpatient and outpatient populations, four
found the most common inappropriate indications were
similar between the two groups [10–13]. Table 4 shows
the most frequent inappropriate TTE indications among
inpatient and outpatient populations extracted from the
included studies.

Specialty of the referring physician

Eight of the ten studies reported appropriate referrals by
specialty of the referring physician. Five of these studies
found no significant difference in appropriate referral
rates between specialties [11–14, 20]. A study by
Fonseca et al. found cardiologists ordered inappropriate
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Fig. 2 Percentage of referrals classifiable by the 2011 AUC in US/non-
US regions. US studies (n = 5) represented as mean ± SEM. Non-US
studies (n = 5) are represented independently

Table 1 Appropriate use rates
reported from centers outside the
United States

(a) TTE studies Percentage of n (%)

n A U I A U I

Gurzon et al. (2014) UK 1070 920 32 118 86 3 11

Fonseca et al. (2015) PRT 799 629 48 122 78.7 6 15.3

Al-Kaisey et al. (2015) AUS 1000 770 27 203 77 2.7 20.3

Remfry et al. (2015) CAN 365 329 11 26 90 3 7

Ballo et al. (2012) ITA 931 748 47 137 80.3 5 14.7

Total non-US studies 4165 3395 165 605 81.5 4.0 14.5

TTE, transthoracic echocardiography; n, sample size; A, appropriate; U, unsure; I, inappropriate; UK, United
Kingdom; PRT, Portugal; AUS, Australia; CAN, Canada; ITA, Italy
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TTEs more frequently than any other specialty (p < 0.05)
while another study by Ballo et al. found cardiologists
ordered significantly more appropriate TTEs compared
to other specialties (p < 0.001) [9, 19]. Gurzon et al. re-
ported cardiac surgeons ordered inappropriate TTEs more
frequently than any other specialty (p < 0.05) [10].

Role for education intervention?

A study by Bhatia et al. examined the effect of an AUC-
guided educational intervention on the proportion of inappro-
priate TTE referrals ordered at an academic medical center
[15]. During the intervention period, there was a significant
26% reduction in the number of TTEs ordered per day (3.9
versus 2.9 TTEs, p < 0.001). Additionally, there was a signif-
icant decrease in inappropriate TTEs ordered (5 versus 13%,
p < 0.001) and a significant increase in appropriate TTEs or-
dered (93 versus 84%, p < 0.001). During the post-
intervention period, the rate of inappropriate TTEs increased
(5 versus 11%, p < 0.05) and appropriate TTEs decreased (93
versus 86%, p < 0.05) compared to the intervention period.
The post-intervention rate of inappropriate TTEs was similar
to the pre-intervention control period (11 versus 13%, p >
0.05) (Table 5).

Discussion

Are the Appropriate Use Criteria for echocardiography
relevant outside the US?

The results of this systematic review suggest the AUC are
applicable to centers outside the US with 98% of extracted
studies classifiable according to the 2011 revised document.
The lowest classifiable rate was observed in a Welsh cross-
sectional study (97%) which could be explained by the study
protocol [10]. Data was collected based on questionnaires
filled in by participating centers which carries a risk that the
clinical indication may not be fully captured. This limitation
coupled with the reported classification rates from the other
four non-US studies (≥ 98%) suggests the AUC are relevant
outside the US [9, 17, 19, 20].

Medical center adherence to Appropriate Use Criteria

Rates of appropriate use

Overall, slightly more than eight in ten TTE studies were
considered appropriate (83.1%) with slightly higher appropri-
ate referrals seen in US regions (84.7%) compared to those

Table 2 Appropriate use rates
reported from centers within the
United States

(b) TTE studies Percentage of n (%)

n A U I A U I

Bhatia et al. (2012) USA 1318 1107 40 171 84 3 13

Matulevicius et al. (2013) USA 535 491 21 23 91.8 3.9 4.3

Patil et al. (2012) USA 1825 1497 97 224 82 5.3 12.3

Alqarqaz et al. (2012) USA 170 131 24 15 77 14 9

Koshy et al. (2015) USA 548 499 22 27 91 4 5

Total US studies 4396 3724 203 462 84.7 4.6 10.5

TTE, transthoracic echocardiography; n, sample size; A, appropriate; U, unsure; I, inappropriate; USA, United
States of America

Table 3 Frequency of
inappropriate TTE indications Indication Description No. of studies

11 Routine surveillance of ventricular function with known CAD and no
change in clinical status or cardiac exam

108

74 Routine surveillance (< 1 year) of HF (systolic or diastolic) when
there is no change in clinical status or cardiac exam

88

53 Transient fever without evidence of bacteremia or a new murmur 74

35 Initial evaluation when there are no other symptoms or signs of
valvular or structural heart disease

29

13 Routine perioperative evaluation of ventricular function with no
symptoms or signs of cardiovascular disease

12

8 Lightheadedness/presyncope when there are no other symptoms or
signs of cardiovascular disease

4

CAD, coronary artery disease; HF, heart failure; TTE, transthoracic echocardiography
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outside the US (81.5%). In the US, compliance with the AUC
is essential as requests for tests are only authorized if they
comply with the radiology manager’s pre-certification criteria
which are in line with the AUC [10]. This could explain the
observed difference in adherence between regions and may
suggest a potential role for strict application of the AUC in
the international setting. The overall 83% appropriate use rate
is comparable to the largest study to date performed in 1820
patients (82%) in a single US academic center [11].

Inappropriate TTE referrals

The most common reason for inappropriate TTE referral was
Broutine surveillance of ventricular function with known CAD
and no change in clinical status^ of which all 108 studies came
from outpatient TTE referrals performed outside the US, pri-
marily in Portugal and Australia [17, 19] (see Supplementary
Table 2). Al-Kaisey et al. reported over 50% of these outpatient
referrals had a TTE in the preceding 12 months [17]. This
represents an important group of patients to target for future
improvement in TTE requesting. In the US Btransient fever
without evidence of bacteremia or a new murmur^ was the
most common inappropriate indication. Interestingly, all 74
extracted studies were from inpatient populations, 63 of which
were extracted from US studies. A study by Bhatia et al.
showed a significant reduction in inappropriate TTE studies
to evaluate infective endocarditis through educational interven-
tion (7 versus 3%, p < 0.05) [15]. These findings suggest a role
for educational intervention particularly in the inpatient setting
and suggest a need for pilot intervention in outpatient settings.

Investigation into factors which cause deviation
from Appropriate Use Criteria

Outpatient versus inpatient?

The results of this systematic review show a lower pro-
portion of appropriate referrals among outpatients [10–13,

17, 19]. This is not unexpected as outpatient requests usu-
ally refer to routine TTE in patients with no change in
clinical status (typically rated inappropriate), whereas in-
patients commonly present with new symptoms or signs
suggesting cardiac disease or known cardiovascular dis-
ease (typically rated appropriate).

Specialty of the referring physician

The majority of studies showed no significant effect
of medical specialty on appropriate referral rates.
Interestingly, an Italian study of five community hospitals
found cardiologists ordered significantly more appropriate
TTEs compared to other specialties while a study con-
ducted in Portugal found cardiologists ordered significant-
ly more inappropriate TTEs [9, 19]. All US studies that
reported appropriate referrals by specialty found no sig-
nificant difference between specialties [11–14]. The au-
thors of the Italian study suggested Italy’s health care
payment criteria which is diagnosis-related rather than
pay-for-performance reimbursement as a potential expla-
nation for conflicting results with US reports.

Potential strategies to improve adherence
to the criteria

This review examined a single educational intervention
study which showed while intervention was effective dur-
ing its implementation, TTE referral rates regressed to
pre-intervention levels over time [15]. This suggests that
long-term success requires a sustained effort of education
and feedback. An alternative strategy could examine the
use of the plasma biomarker brain natriuretic peptide
(BNP) as a sequential testing strategy to TTE. In the pri-
mary care setting, the use of BNP as a sequential strategy
significantly reduced the cost for diagnostic workup of
patients with suspected heart failure [21].

Table 4 Frequency of
inappropriate TTE indications
among inpatients and outpatients

Indication OP IP

11 Routine surveillance of ventricular function with known CAD
and no change in clinical status or cardiac exam

108 0

53 Transient fever without evidence of bacteremia or a new murmur 0 74

74 Routine surveillance (< 1 year) of HF (systolic or diastolic) when
there is no change in clinical status or cardiac exam

47 41

35 Initial evaluation when there are no other symptoms or signs of
valvular or structural heart disease

25 4

13 Routine perioperative evaluation of ventricular function with no
symptoms or signs of cardiovascular disease

19 9

8 Lightheadedness/presyncope when there are no other symptoms
or signs of cardiovascular disease

0 4

CAD, coronary artery disease; HF, heart failure; OP, outpatients; IP, inpatients; TTE, transthoracic
echocardiography
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Limitations of the study

Firstly, this study only used one database to obtain original
articles which may have limited the available literature for
systematic review. Secondly, the literature search, study selec-
tion, assessment of study validity, and data extraction were
performed by a single author which could potentially lead to
a misinterpretation of results. Finally, statistical analysis of
extracted TTE studies was purely descriptive which hinders
objective comparison between other systematic reviews and
original article reports. This could be addressed through meta-
analysis with the appropriate software, statistical model, and
expertise.

Future research perspectives

This review highlights the limited literature available on TTE
appropriate use rates according to the 2011 AUC.
Furthermore, there is very little data available on intervention
strategies to reduce yearly TTE rates. As the overall purpose
of AUC is reduce, cardiac imaging demands further research
should (1) assess the effect of educational intervention on
adherence to the 2011 AUC, (2) examine alternative strategies
such as screening with plasma biomarkers (troponin and na-
triuretic peptide levels), and (3) continue auditing efforts to
ensure strict hospital adherence to AUC.

Conclusion

In conclusion, the American guideline AUC are applicable to
centers outside the USA and their implementation across five
international centers suggest almost 1 in 5 scans could be
avoided. The high classification rates observed suggest that
applying the AUC for TTE screening outside the USA might
be feasible. Their strict application has the potential to reduce
cardiac imaging demands and decrease spending on diagnos-
tic imaging. Further study is needed to determine its applica-
bility to an Irish medical center and assess factors which could
aid in adherence to the criteria.
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