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WHAT’S KNOWN ON THIS SUBJECT: Chest pain is common in
children and is a frequent reason for referral to pediatric
cardiologists. Despite the benign nature of the vast majority of
pediatric chest pain, extensive and costly cardiac evaluation is
common in these patients.
WHAT THIS STUDY ADDS: Described here is an approach to
pediatric chest pain that will reduce unnecessary resource use
while maintaining high-quality care.

abstract
OBJECTIVES: Chest pain is a common reason for referral to pediatric
cardiologists and often leads to an extensive cardiac evaluation. The
objective of this study is to describe current management practices in
the assessment of pediatric chest pain and to determine whether a
standardized care approach could reduce unnecessary testing.
PATIENTS AND METHODS: We reviewed all patients, aged 7 to 21 years,
presenting to our outpatient pediatric cardiology division in 2009 for
evaluation of chest pain. Demographics, clinical characteristics, patient outcomes, and resource use were analyzed.
RESULTS: Testing included electrocardiography (ECG) in all 406 patients, echocardiography in 175 (43%), exercise stress testing in 114
(28%), event monitoring in 40 (10%), and Holter monitoring in 30 (7%).
A total of 44 (11%) patients had a clinically signiﬁcant medical or family
history, an abnormal cardiac examination, and/or an abnormal ECG.
Exertional chest pain was present in 150 (37%) patients. In the entire
cohort, a cardiac etiology for chest pain was found in only 5 of 406
(1.2%) patients. Two patients had pericarditits, and 3 had arrhythmias.
We developed an algorithm using pertinent history, physical examination, and ECG ﬁndings to suggest when additional testing is indicated.
Applying the algorithm to this cohort could lead to an ⬃20% reduction
in echocardiogram and outpatient rhythm monitor use and elimination
of exercise stress testing while still capturing all cardiac diagnoses.
CONCLUSIONS: Evaluation of pediatric chest pain is often extensive
and rarely yields a cardiac etiology. Practice variation and unnecessary resource use remain concerns. Targeted testing can reduce resource use and lead to more cost-effective care. Pediatrics 2011;128:
239–245
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Chest pain is a common presenting
complaint to pediatricians, pediatric
cardiologists, and pediatric emergency departments. The overwhelming
majority of chest pain in otherwise
healthy children has a noncardiac etiology.1–4 In contrast to adults, in whom
chest pain often signals a signiﬁcant
cardiac problem, the most common
etiologies in children are benign and
include musculoskeletal, gastrointestinal, pulmonary, idiopathic, and psychogenic causes.5–11 Despite the low
prevalence of serious cardiac pathology in children, extensive and costly
cardiac evaluation is common. Identifying current management practices
and factors leading to increased resource use is the ﬁrst step toward delivering more cost-effective care.
Quality-improvement studies frequently have shown that reducing
practice variation leads to better patient outcomes, decreased patient
care costs, and improved efﬁciency.12
Few studies have evaluated practice
variation and resource use in the management of pediatric chest pain.13,14 A
standardized approach to pediatric
chest pain currently is being implemented in our pediatric cardiology
department as part of a broader
quality-improvement initiative that we
have named Standardized Clinical Assessment and Management Plans
(SCAMP).15,16 The goals of the SCAMP
initiative, including the chest-pain
SCAMP, are to decrease practice variation, improve patient care, and reduce unnecessary resource use. The
objectives of this study are to describe
the current practice trends in the evaluation of chest pain by pediatric cardiologists and to evaluate whether a
mechanism to standardize care will
lead to a reduction in unnecessary resource use while still capturing all important cardiac etiologies of chest
pain.
240
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PATIENTS AND METHODS
Patient Selection
We reviewed the records of all patients, aged 7 to 21 years, presenting to
our outpatient division of pediatric
cardiology in 2009 for initial evaluation
of chest pain. We identiﬁed patients on
the basis of the International Classiﬁcation of Diseases, Ninth Revision billing codes for chest pain. Patients were
excluded if they had a known history of
heart disease or had been previously
evaluated by a pediatric cardiologist
for chest pain. The institutional review
board for clinical research at Children’s Hospital Boston approved the
use of patient medical records for this
retrospective review.
Demographic and clinical characteristics were collected for each patient.
Past medical history, family history,
and presenting symptoms, including
chest-pain characteristics and associated symptoms, were retrospectively
collected from the cardiologist’s clinic
note produced at the time of the visit.
We speciﬁcally categorized patients as
having exertional versus nonexertional chest pain and recorded the
presence of associated symptoms, including syncope, palpitations, and dyspnea. Past medical history was considered positive if any diagnoses that
could lead to increased risk of cardiac
chest pain were present (ie, systemic
inﬂammatory diseases, malignancy,
thrombophilia, myopathies). Family
history was considered positive if any
of the following were present in a ﬁrstdegree relative: sudden or unexplained death; aborted sudden death;
cardiomyopathy; severe familial hyperlipidemia; or pulmonary hypertension. Abnormalities on physical examination that were considered pertinent
positives included pathologic murmur,
gallop, pericardial rub, abnormal second heart sound, distant heart sounds,
hepatomegaly, decreased fermoral or

peripheral pulses, peripheral edema,
painful or swollen extremities, tachypnea, and fever (oral temperature ⬎
38.4°C).
Test Interpretation
Electrocardiogram (ECG) interpretation was based on documented ﬁndings in the cardiologist’s clinic note.
Ventricular hypertrophy, atrial enlargement, pathologic ST-segment or
T-wave changes, high-grade atrioventricular block, ventricular or
atrial ectopy, axis deviation, and
other miscellaneous ﬁndings (eg,
ventricular preexcitation) were classiﬁed as abnormalities. Incomplete
right-bundle branch block and early
repolarization were considered to be
normal variants.
Echocardiogram, cardiac MRI, and exercise stress test (EST) results were
obtained from reports generated at
the time of the study. Diagnoses that
were considered potential cardiac
causes of chest pain included coronary anomalies, cardiomyopathies,
myocarditis, pericarditis, pulmonary
hypertension, aortic dissection, arrhythmia, pulmonary embolus, and
moderate or greater left ventricular
outﬂow tract obstruction. Findings
considered to be positive on the EST
included ST-segment or T-wave
changes concerning ischemia or
tachyarrhythmias. Likewise, tachyarrhythmias or bradyarrhythmias on the
Holter or event monitor were considered to be positive ﬁndings.
Calculating Charges
The number and charges for cardiac
tests obtained in conjunction with the
clinic visit were analyzed. All patients
in this cohort had at least 1 cardiology
clinic visit. An ECG was performed at all
clinic visits. The number of echocardiogram, EST, Holter monitor, loop-event
monitor, and cardiac MRI studies performed were tabulated. Testing and
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visit charges were calculated on the basis of medium-level services obtained
from our 2009 billing data. The number of follow-up cardiology visits,
emergency-department visits, and hospital admissions for chest pain in 2009
were collected for each patient. The
comprehensive, estimated charges for
chest-pain assessment were calculated for each patient on the basis of
the above components.
Practice variation and resource use
were evaluated on the basis of provider experience and clinical volume.
Providers were divided into groups on
the basis of the number of years of
practice after training (ⱕ5, 6 –14, and
ⱖ15 years) and their outpatient-clinic
volume (number of clinic patients seen
during the 2009 calendar year). The
number of echocardiograms and ESTs
were compared between groups.
Algorithm
We developed an algorithm (Fig 1),
which forms the basis of the chest pain
SCAMP, that uses history, physical examination, and ECG to suggest when
additional testing, speciﬁcally an echocardiogram, is indicated. This algorithm is based on previous work from
our institution17 and was targeted at
identifying the relevant causes of cardiac chest pain listed above. Using the
clinical information collected from a
retrospective chart review of the 406
patients seen for chest pain in 2009,
we evaluated what type of testing
would be obtained for each patient using the algorithm. We then compared
resource use and charges from the
2009 cohort to the predicted charges
and resource use on the basis of the
algorithm.
Patients were identiﬁed by the International Classiﬁcation of Diseases, Ninth
Revision code for chest pain, which
leads to a potential ascertainment
bias because patients found to have
signiﬁcant heart disease are likely to
PEDIATRICS Volume 128, Number 2, August 2011

FIGURE 1
SCAMP algorithm to guide testing in patients with chest pain. a Diagnoses that lead to increased risk
of cardiac chest pain (ie, inﬂammatory disorders, malignancy, thrombophilia). b Family history was
considered positive if any of the following were present in a ﬁrst-degree relative: sudden or unexplained death; aborted sudden death; cardiomyopathy; or pulmonary hypertension. Six patients had
an abnormal ECG result and an abnormal past medical history, family history, or physical examination.
Patients with more than 1 abnormality (ie, ECG, past medical history, family history, and/or physical
examination) were counted in only 1 category in this ﬁgure. CP indicates chest pain; PMHx, past
medical history; echo, echocardiogram.

be coded based on the disease code
rather than the presenting symptom
code. To account for this potential bias,
the algorithm was validated against a
previously reported cohort of patients
who presented to our outpatient division with a primary complaint of chest
pain and were found to have signiﬁcant cardiac pathology.
Statistical Analysis
Clinical symptoms and the number of
cardiac tests were expressed as
counts and percentages. Charges for
testing and visits were summed for
each patient and are expressed as medians and ranges. Analysis of resource
use on the basis of provider experience and volume were performed using the 2 test. All statistical analysis
were 2-sided, and type I error was con-

trolled at a level of 0.05. Analyses were
performed with SPSS 16.0 (SPSS Inc,
Chicago, IL).

RESULTS
In 2009, 417 patients between the ages
of 7 and 21 years presented to our outpatient division for a ﬁrst-time evaluation with chest pain as the major diagnosis code. Review of records revealed
that 11 patients were incorrectly coded
and presented with palpitations without
chest pain, leaving the remaining 406 patients as the cohort for this study. Patient
demographics and clinical data are summarized in Table 1. Chest pain was reported as exertional in 150 (37%) patients, of whom 46 (31%) had
exertional dyspnea and 21 (14%) had
associated dizziness or lightheadedness. No patient had syncope associ-
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TABLE 1 Demographics and Clinical Data
Patients With Chest Pain
(N ⫽ 406)
Male, n (%)
Age, median (range), y
Age, n (%)
7–11 y
12–16 y
17–21 y
Exertional chest pain, n (%)
Associated palpitations, n (%)
Positive past medical history, n (%)
Positive family history, n (%)
Abnormal physical exam, n (%)
Abnormal electrocardiogram, n (%)
Emergency-department visit before cardiology visit, n (%)

ated with exertional chest pain. In the
entire cohort, 66 (16%) patients reported palpitations associated with
chest pain.
A total of 44 of 406 (11%) patients had
pertinent positive ﬁndings on either
past medical history, family history,
ECG, and/or physical examination (Table 1). Sixteen (4%) patients had an abnormal cardiovascular examination
with the following ﬁndings: 6 patients
had a pathologic murmur; 4 had a systolic click; 3 had a friction rub; 1 had a
gallop; and 1 had an abnormal secondheart sound. Past medical history was
notable for a single patient with each
of the following: systemic lupus erythematous; juvenile rheumatoid arthritis; carnitine deﬁciency; and congenital adrenal insufﬁciency. Four
patients had a positive family history,
including the following: a father who
died suddenly at the age of 29 years; a
brother with cardiac arrest at the age
of 28 years; a younger sibling with resuscitated cardiac arrest; and a father with
hypertrophic cardiomyopathy. Twentyﬁve (6%) patients had an abnormal ECG;
the most common abnormalities were
increased left ventricular forces (n ⫽
15) and pathologic ST-segment or T-wave
abnormalities (n ⫽ 6). Other ECG abnormalities included axis deviation (n ⫽ 2),
frequent premature ventricular contractions (n ⫽ 1), and Wolff-Parkinson-White
syndrome (n ⫽ 1).
242
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207 (51)
13.7 (7.1–20.9)
118 (29)
184 (45)
104 (26)
150 (37)
66 (16)
4 (1)
4 (1)
16 (4)
25 (6)
21 (5)

There were a total of 461 cardiology
clinic visits. Thirty-eight patients had
2 or more clinic visits, accounting for
a total of 55 repeat visits, with the
remaining 368 patients having a single clinic visit. All patients had at
least 1 ECG. Thirty-eight patients had
2 or more ECGs, leading to a total of
457 ECGs. A total of 175 (43%) patients had echocardiograms, 114
(28%) had ESTs, 40 (10%) had event
monitors, and 30 (7%) had Holter monitors. Seven (2%) patients had cardiac
MRI performed; the indication in each
case was the evaluation of coronary
origins in patients whose coronaries
were not well visualized on by transthoracic echocardiography.
Four patients were admitted for inpatient evaluation of chest pain. Two patients, 1 of whom was admitted twice,
were hospitalized secondary to pericardial effusion. Another patient was
admitted with exertional chest pain
and dyspnea. This patient underwent
an echocardiogram and EST, both of
which were normal. The patient was
discharged with a diagnosis of noncardiac chest pain. Another patient was
admitted with chest pain with associated palpitations and underwent an
echocardiogram, EST, and telemetry
monitoring, all of which were normal.
Fifteen (4%) patients also were seen by
a pulmonologist and 9 (2%) patients by

a gastroenterologist for chest-pain
evaluation.
Subgroup analysis on the basis of
symptomatology showed that of 150
patients with exertional chest pain,
100 (67%) patients had an echocardiogram and 92 (61%) had an EST. No cardiac etiologies for exertional chest
pain were found by EST in this group.
Seventy patients were prescribed a
heart-rhythm monitor, of whom 55 had
palpitations in addition to chest pain,
whereas the remaining 15 (21%) had
chest pain alone.
A cardiac etiology for chest pain was
found in 5 of 406 patients (1%) Two of
5 patients had pericarditits. Both of
these patients presented with friction rub on examination, positional
chest pain, ST-segment and T-wave
changes on ECG consistent with
pericardial disease, and echocardiograms showing small pericardial
effusion. Two patients had supraventricular tachycardia, and 1 patient
had short runs of nonsustained ventricular tachycardia, all of which
were identiﬁed on outpatient rhythm
monitors. All 3 patients with arrhythmia presented with palpitations as a
signiﬁcant complaint in addition to
chest pain. The remaining 401 (99%)
patients were felt to have noncardiac
chest pain, most commonly nonspeciﬁc musculoskeletal pain, costochondritis, or respiratory/asthma
related. Several patients had cardiac
diagnoses discovered during the
chest-pain evaluation that were unrelated to the presenting complaint
of chest pain. Incidental diagnoses
included Wolff-Parkinson-White syndrome (n ⫽ 1), mild subaortic stenosis (n ⫽ 1), small atrial septal defect
(n ⫽ 1), small muscular ventricular
septal defect (n ⫽ 1), mitral valve
prolapse and dilated aortic root (n ⫽
1), and small coronary artery to pulmonary artery ﬁstula (n ⫽ 3).
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for potential causes of cardiac chest
pain and were included if they presented to our outpatient division with a
primary complaint of chest pain. Over
a 10-year period, 41 patients were
found to have a cardiac etiology for
chest pain, including the following:
anomalous coronary artery origin
(n ⫽ 32); pericarditis (n ⫽ 4); hypertrophic cardiomyopathy (n ⫽ 3); myocarditis (n ⫽ 1); and pulmonary hypertension (n ⫽ 1). The algorithm we
describe would identify all 41 patients
as needing an echocardiogram on the
basis of presenting complaints, positive past medical and family history,
physical examination ﬁndings, and/or
ECGs.

FIGURE 2
Cardiac testing according to provider experience.

Charges for Chest-Pain Evaluation
and Effect of SCAMP Use
Total estimated charges for chestpain evaluation in the entire cohort
were $1 166 465. Clinic visits alone
accounted for approximately onequarter of all charges. Cardiac testing
accounted for almost 70% of the total
patient-care charges, with echocardiograms accounting for approximately one-half of the cardiac-testing
charges. ESTs accounted for ⬃15% of
testing charges. No cardiac testing
other than ECGs was performed in 172
patients (43%), all of whom were felt to
have noncardiac chest pain. Despite
having no adjunctive testing, this subgroup still accounted for nearly
$150 000 in charges.

FIGURE 3
Cardiac testing according to clinical volume.

Resource Utilization Based on
Provider Volume and Experience
Cardiologists with more than 5 years
of posttraining clinical experience ordered fewer echocardiograms than
those with less clinical experience
(P ⫽ .003) (Fig 2). Cardiologists with
higher annual clinic-visit volumes ordered fewer echocardiograms than
those who see fewer clinic patients
(P ⬍ .001) (Fig 3). The number of ESTs
performed did not signiﬁcantly differ
PEDIATRICS Volume 128, Number 2, August 2011

on the basis of the provider’s experience or clinical volume.
Algorithm Validation
The algorithm was validated against a
previously reported cohort of patients
who presented to our outpatient division with a primary complaint of chest
pain and were found to have a cardiac
etiology for chest pain. In a study by
Kane et al17, patients were initially
identiﬁed on the basis of disease code

The SCAMP algorithm in Fig 1 uses pertinent history, physical examination
ﬁndings, and ECG to suggest when additional testing, speciﬁcally an echocardiogram, is indicated. Applying the
algorithm to the patients seen in
2009, use of echocardiography,
Holter monitors, and event monitors
would all decrease by ⬃20% (Table
2). The algorithm eliminates ESTs for
the evaluation of pediatric chest pain
and suggests Holter and event moni-
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TABLE 2 Change in Resource Use When Using Chest-Pain SCAMP
Study Type

Studies in 2009 Patients
(N ⫽ 406), n

Studies Using the
SCAMP (N ⫽ 406), n

Change in Resource
Use, N (%)

Echocardiogram
EST
Holter monitoring
Loop-event monitoring

175
114
30
40

145
0
24
32

⫺30 (18)
⫺114 (100)
⫺6 (20)
⫺8 (20)

tors only for patients with palpitations
as a signiﬁcant complaint. Altogether,
charges for cardiac evaluation could
be reduced by over $245 000 per year
(21%) at our institution with use of the
SCAMP. Additional reductions in cost of
care could be made with a reduction in
the number of repeat clinic visits and
emergency-department visits.

DISCUSSION
In this study, we report resource use,
patient-care charges, and results of
cardiac evaluation in a large cohort
of children seen at a single institution for chest pain in 2009. Our results emphasize the ﬁndings of previous reports showing that cardiac
etiologies for pediatric chest pain
are rare.2–5,8 Nonetheless, extensive
and costly cardiac testing is common.
We show that implementation of a pediatric chest pain SCAMP could lead to
a 21% reduction in charges; at a
blended cost-to-charge ratio of 60%,
the savings would approach $150 000
per year at our institution alone. Considering the looming crisis in health
care ﬁnance and the likely impending
changes in the US health care–delivery
system, methods to reduce unnecessary resource use are critical. Understanding current resource use and the
impact of interventions to reduce
health care expenditures is critical to
delivering more cost-effective care. In
this study, we suggest that careful
history, physical examination, and
screening ECGs can detect essentially all
cardiac causes of chest pain, and we
propose that a standardized approach
to pediatric chest pain evaluation could
lead to a reduction in resource use and
244
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cost of care while maintaining or even
improving quality of care.
Reducing the number of unnecessary
echocardiograms, ESTs, and outpatient rhythm monitors are the main
source of projected savings. The serious cardiac causes of pediatric chest
pain, including anomalous coronary
origins, cardiomyopathy, pulmonary
hypertension, myocarditis, and pericarditis, are readily diagnosed by suggestive history, cardiac examination,
ECG, and selective use of echocardiography. Therefore, echocardiography is
our diagnostic test of choice for patients with concerning past medical or
family histories or abnormal EKG or
physical examination ﬁndings. In our
study, 50 (33%) patients with exertional chest pain did not have echocardiograms and 75 (29%) patients without exertional chest pain did have
echocardiograms. The chest-pain
SCAMP algorithm would increase appropriate use of testing and reduce inappropriate use, leading to improved
care.
We propose eliminating ESTs in the
routine evaluation of pediatric chest
pain. Previous studies have shown
ESTs add little to the evaluation of
pediatric chest pain. In a study assessing the utility of ESTs in 263 children complaining of chest pain, no
evidence for cardiac disease was
discovered in any patient.18 Basso et
al19 report on 27 young athletes who
died suddenly and were found at autopsy to have an anomalous coronary origin. Six of 27 patients previously had an EST, all which were
normal. These ﬁndings are con-

ﬁrmed in our study, in which 114
ESTs were performed and no cardiac
abnormalities were identiﬁed.
Holter and event monitors are unlikely
to be helpful in the evaluation of chest
pain in the absence of palpitations or
syncope. A study analyzing recordings
from 495 rhythm monitors in children
performed for palpitations, chest pain,
or syncopal symptoms showed that
the only diagnostic rhythm recorded
was supraventricular tachycardia, a
generally benign rhythm.20 In addition,
no patient with chest pain alone had supraventricular tachycardia or other arrhythmia documented during outpatient
rhythm monitoring. Of note, 20% of patients in our cohort who had outpatient
rhythm monitoring had no palpitations
or syncopal symptoms. We propose limiting rhythm monitors to those patients
with chest pain and palpitations.
Nearly one-half (43%) of the cohort in
this study had no cardiac testing apart
from an ECG at the cardiology visit, yet
this group still accumulated approximately $150 000 in charges. This ﬁnding highlights 3 important points. First,
our providers already are relatively selective and judicious in the use of cardiac testing. Second, there continues
to be wide practice variation in evaluation of pediatric chest pain, with lessexperienced and lower-volume providers generally ordering more tests.
Finally, our results suggest that many
patients in this cohort could have been
adequately evaluated by their primary
care provider using careful history,
physical examination, and ECG. A
SCAMP targeting chest-pain evaluation
in the pediatrician’s ofﬁce is currently
being developed and could help limit
unnecessary referrals and lead to further reduction in cost of care in this
population.
There are several important limitations to this study. Our analysis relied entirely on the clinic note to record patient symptoms, history, and
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examination. In addition, the patient’s diagnosis was determined on
the basis of a retrospective review of
the clinic note, testing results, and
any subsequent clinical contacts. Because not all patients underwent extensive testing and follow-up is limited, we cannot account for any
potential missed cardiac diagnoses.
We were only able to capture events
that occurred at our institution;
thus, the charges for repeat primary
care physician visits, visits to other
specialists, outside emergencydepartment visits, and testing that
was not conducted through the pri-

mary cardiologist are not included in
this analysis.
A signiﬁcant limitation of our analyses of charges and resource use is
that we assume 100% compliance to
the SCAMP. For multiple reasons,
universal adherence will not be the
case, which likely leads to an overestimate of the effect of the SCAMP on
resource use and charges. Prospective results from the chest-pain
SCAMP, including information regarding diagnostic yield, practitioner compliance, and changes in resource use will become available in
the near future.

CONCLUSIONS
Practice variation, resource use, and
charges for pediatric chest-pain evaluation remain high. We show that use of a
standard management approach to pediatric chest pain could lead to a reduction in resource use and charges while
maintaining quality of care.
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