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Abstract

Objectives: Identify diagnostic yield and frequency of echocardiograms for palpitation-related
indications at outpatient paediatric cardiology clinics in relation to the 2014 ACC/AAP/AHA/
ASE/HRS/SCAI/SCCT/SCMR/SOPE appropriate use criteria for Initial Transthoracic
Echocardiography in Outpatient Paediatric Cardiology. Study design: A single-centre, retro-
spective study of children presenting for evaluation of a chief complaint of palpitations to out-
patient paediatric cardiology clinics from 2015 to 2017. Palpitations were defined as an
unpleasant sensation of rapid, irregular, and/or forceful beating of the heart. Indications for
echocardiogram in patients were retrospectively classified based on the appropriate use criteria
as “appropriate,” “may be appropriate,” or “rarely appropriate.” The incidence of abnormal and
incidental echocardiographic findings for each category was determined. Results: A total of 286
patients presented with palpitations, with 128 (52% female) meeting inclusion criteria.
Exclusion criteria included patients with additional cardiac complaints, prior echocardiogram,
or history of congenital heart disease. Echocardiograms were performed on 36 (28%) patients.
The appropriate use criteria were retrospectively applied, and indications for their performance
were classified as “appropriate” (n= 4), “may be appropriate” (n= 17), or “rarely appropriate”
(n= 15). Minor echocardiographic abnormalities were present in 22% (n= 8) of echocardio-
grams obtained for all appropriate use criteria classifications. No moderate or severe echocar-
diographic abnormalities were found. Incidental findings were noted in eight echocardiograms.
Conclusion: Echocardiography in the evaluation of “rarely appropriate” and “may be appropri-
ate” palpitation-related indications is of low diagnostic yield.

Palpitations are a common complaint among children presenting for outpatient cardiology
evaluation. Palpitations are defined as an unpleasant sensation of rapid, irregular, and/or force-
ful beating of the heart. The incidence of structural or functional cardiac pathology causing
palpitations is very low.1,2

In 2014, the American College of Cardiology published appropriate use criteria for echocar-
diography in children, including recommendations for the evaluation of palpitations in outpa-
tient paediatric cardiology clinics.3 Prior to this, there were no standardized guidelines on the
use of echocardiography in outpatient paediatric cardiology clinics, and the utilization of echo-
cardiography was influenced by factors, such as younger patient age, sex, insurance, distance
from clinic, and physician experience.4

The appropriate use criteria was retrospectively applied to patients presenting to our outpa-
tient paediatric cardiology clinics. Our objectives were to identify the frequency and diagnostic
yield of echocardiograms performed for palpitation-related indications at outpatient practices in
relation to the appropriate use criteria.

Materials and methods

A single-centre, Institutional Review Board approved, retrospective study was conducted of
patients 4–18 years presenting for initial chief complaint of palpitations to an outpatient paedi-
atric cardiology clinic. Charts from 2015 to 2017 were reviewed. Patients were included in the
study based on International Classification of Diseases 10 (ICD-10) codes. Patients were
excluded if they had additional complaints of chest pain or syncope, murmur, prior
echocardiogram, or history of congenital heart disease. These additional complaints and
physical examination findings can confound echocardiography recommendations, based on
the 2014 appropriate use criteria. No specific interventions were taken to educate providers
on the 2014 appropriate use criteria.

The patients’ charts in the electronic medical record were reviewed. Data on demographics,
provider, clinic location, electrocardiogram findings, and echocardiogram findings were
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obtained. Seven clinic sites and eight different paediatric cardiol-
ogists were included. The echocardiograms were ordered by the
cardiologists following history and physical examination.
Indications for echocardiograms in patients were classified based
on the appropriate use criteria as “appropriate,” “may be appropri-
ate,” or “rarely appropriate.” “Appropriate” indications for echo-
cardiography in patients with palpitations include patients with
known cardiomyopathy, a family history of sudden cardiac death
<50 years of age or death and/or pacemaker or implantable cardi-
overter defibrillator placement, family history of cardiomyopathy,
and patients with supraventricular tachycardia. “May be appropri-
ate” indications included patients with palpitations who had
abnormal electrocardiogram, known cardiomyopathy, premature
ventricular contractions in the prenatal or neonatal period, and
premature ventricular contractions after the neonatal period.
“Rarely appropriate” indications included patients with palpita-
tions without signs or symptoms of cardiovascular disease, benign
family medical history, no recent/normal electrocardiogram, fam-
ily history of channelopathy, premature atrial contractions in the
prenatal or neonatal period, premature atrial contractions after the
neonatal period, sinus bradycardia, or sinus arrhythmia.

Echocardiography findings were classified as abnormal, inci-
dental, or normal based on criteria established in the appropriate
use criteria implementation study.5 Incidental findings were find-
ings not thought to contribute to the chief complaint. Incidental
findings included findings such as patent foramen ovale, small pat-
ent ductus arteriosus, and left aortic arch with aberrant right sub-
clavian artery. Abnormal echocardiograms were stratified based on
minor, moderate, and severe. Minor findings were those that were
not incidental findings andmay require follow-up but no interven-
tion. Moderate findings altered patient management but did not
require urgent intervention, and severe findings required urgent
hospitalization or management. Normal findings had no structural
abnormalities.

Continuous variables, such as age, were reported as median val-
ues with ranges. Discrete variables are reported as counts or
percentages.

Results

A total of 286 patients presenting with palpitations were identified,
with 128 (52% female) patients meeting inclusion criteria. A
majority of the patients that were excluded had concomitant symp-
toms, such as chest pain, syncope, ormurmur on exam. All patients
included in the study had normal physical examination and no his-
tory of arrhythmia. Median age at time of echocardiogram was
14 years (range, 4–18 years). Echocardiograms were performed
on 28% (36) of patients. The appropriate use criteria were retro-
spectively applied, and indications for echocardiogram were
classified as “appropriate,” “may be appropriate,” or “rarely appro-
priate.” Echocardiogram findings were classified as abnormal, inci-
dental, or normal (Table 1). Incidental findings were noted in 22%
(n= 8) of echocardiograms.

Of the 128 patients included, five met the “appropriate” criteria.
Of the five patients meeting “appropriate” criteria, four received an
echocardiogram. Among the four patients in the “appropriate” cat-
egory who received an echocardiogram, three studies were due to a
family history of cardiomyopathy, and one was due to a family his-
tory of sudden cardiac death. Minor abnormalities were seen in
two (50.0%) of the echocardiograms ordered for indications rated
“appropriate.”

Of the 128 patients included, 29 met the “may be appropriate”
criteria, with 17 receiving an echocardiogram. Of the 17 patients
in the “may be appropriate” category who received an
echocardiogram, all patients had an abnormal electrocardiogram.
Abnormal findings included premature ventricular contractions
(n= 2), nonspecific ST changes (n= 1), incomplete right bundle
branch block (n= 1), left ventricular hypertrophy (n= 4), abnor-
mal atrial rhythm or enlargement (n= 4), sinus tachycardia
(n= 2), ventricular pre-excitation (n= 2), and long QT (n= 1).
Minor abnormalities were seen in four (23.5%) of the echocardio-
grams ordered for indications rated “may be appropriate.”

Of the 128 patients included, 94 met the “rarely appropriate”
criteria, with 15 receiving an echocardiogram. Of the 15 patients
in the “rarely appropriate” category, 13 cases had a normal electro-
cardiogram, and two patients had sinus bradycardia on electrocar-
diogram. Minor abnormalities were seen in two (13.3%) of
the echocardiograms ordered for indications rated “rarely
appropriate.”

No echocardiograms had moderate or severe abnormal find-
ings, regardless of appropriate use criteria classification.

Table 1. Echocardiographic findings

Finding Total %

Rarely appropriate

Normal 9 60

Incidental 4 26.7

Trace mitral regurgitation 1 6.7

Small PFO 1 6.7

Tiny PFO 1 6.7

Mildly dilated proximal ascending aorta with trace
pulmonary insufficiency and tricuspid regurgitation

1 6.7

Abnormal – minor 2 13.3

Bicuspid aortic valve 1 6.7

Trivial mitral regurgitation 1 6.7

May be appropriate

Normal 9 52.9

Incidental 4 23.5

Trace mitral regurgitation 3 17.6

Trivial mitral regurgitation with abnormal septal motion 1 5.9

Abnormal – minor 4 23.5

Mild mitral insufficiency with mildly thickened anterior
mitral valve leaflet

1 5.9

Partial anomalous pulmonary venous connection 1 5.9

Trivial aortic and mitral valve regurgitation 1 5.9

Mild biatrial enlargement and trivial mitral valve and
tricuspid regurgitation

1 5.9

Appropriate

Normal 2 50

Abnormal – minor 2 50

Trivial mitral regurgitation 1 25

Bicuspid aortic valve 1 25

PFO = patent foramen ovale
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Discussion

At our institution, echocardiograms were obtained for “rarely appro-
priate,” “may be appropriate,” and “appropriate” palpitation-related
indications. Echocardiography in the evaluation of “rarely appropri-
ate,” “may be appropriate,” and “appropriate” palpitation-related
indications is of low diagnostic yield, with only minor echocardio-
graphic abnormalities.

Nearly a decade prior to the paediatric appropriate use criteria,
adult appropriate use criteria were published to help guide the use
of echocardiograms. Studies on the adult appropriate use criteria
have shown that even when echocardiograms were done for
“appropriate” indications, the diagnostic yield and management
changes were low.6 This study found similar outcomes with only
minor abnormalities that do not warrant intervention in the echo-
cardiograms ordered for indications rated “appropriate.”

Similar studies have also been performed on the diagnostic yield
of echocardiograms performed for chest pain and syncope accord-
ing to the appropriate use criteria, reaffirming low diagnostic yield
in echocardiograms for the “rarely appropriate” indications.7,8

Preliminary studies assessing paediatric appropriate use criteria
did show that a greater percentage of patients with abnormal echo-
cardiograms had an “appropriate” indication for echocardiogra-
phy; however, patient outcomes and management decisions
were not studied.5 Measuring patient outcomes and management
decisions is the next step in evaluating the paediatric appropriate
use criteria, as our data indicate that the appropriate use criteria
may need to be re-evaluated to be more stringent, especially for
palpitation-related indications.

Furthermore, the nature of the appropriate use criteria indica-
tions considered appropriate is such that echocardiographic
abnormalities might not manifest at the time of presentation.
Incidental abnormalities such as bicuspid aortic valve require fur-
ther follow-up and augment healthcare costs. Limiting the unnec-
essary use of echocardiograms can curb patient healthcare
expenses. Initiatives such as transparency and education regarding
the cost and use of echocardiograms may reduce the number of
echocardiograms ordered.9

Limitations of this study include the single centre retrospective
methods of the study. This study also had a small sample size, with
a small number of patients falling within the “appropriate”
category.

Further areas of research can assess changes to patient out-
comes and management decisions as a result of the appropriate
use criteria. Furthermore, other modes of non-invasive testing,
such as the Holter monitor and loop recorders, are also options
to assess palpitations.10 Several studies have been conducted to
assess the yield of such testing, but there exists no appropriate
use criteria for these tests.11 In conclusion, the diagnostic yield
of echocardiography for palpitations in outpatient paediatric car-
diology clinics is low.
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