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A B S T R A C T

Introduction. Chest pain in children is common, but rarely heralds serious underlying cardiac pathology. Despite
this, the anxiety of missing a potentially life threatening condition creates a large burden of referrals and diagnostic
testing. We evaluated patients diagnosed with 1 of 9 serious cardiac diseases and detailed the clinical signs and
symptoms of the patients presenting with chest pain.
Methods. Patients diagnosed between the ages of 7 and 21 years from January 2000 to December 2009 at Children’s
Hospital Boston (CHB) were identified from a database using diagnostic and billing codes for aortic dissection,
coronary anomalies, dilated cardiomyopathy, hypertrophic cardiomyopathy, myocarditis, pericarditis, pulmonary
embolus, pulmonary hypertension, and Takayasu arteritis. Patients with previously diagnosed congenital or acquired
heart disease were excluded.
Results. Four hundred eighty-four patients were included and 35% presented with chest pain. Forty-one
(24%) of these patients with chest pain were diagnosed in the outpatient cardiology clinic, while the remaining
130 patients (76%) were diagnosed in the emergency department (ED) or inpatient setting. Coronary artery
anomalies were the most common diagnosis made in cardiology clinic, and 16 of the 23 (70%) patients with
serious coronary anomalies had exercise-induced chest pain. Patients presenting to the ED or inpatient units
tended to have other important nonspecific symptoms (35–44%), high-risk past medical histories (12%), physical
examination findings (32%), and electrocardiogram (ECG) abnormalities (78%) that heighten clinical suspicion of
cardiac disease.
Conclusions. Identifying underlying cardiac pathology in the CHB outpatient cardiology department in patients
presenting with chest pain is rare, with only 41 cases over a 10-year period. The presence of exertional chest pain
was important in identifying patients with coronary artery anomalies. A detailed history and physical examination,
along with a critical review of an ECG, seem to identify those patients with rare diseases who need further diagnostic
testing.
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Introduction

Chest pain in children is, in general, benign.1
Nonetheless, the lay public has been edu-

cated to respond vigorously to complaints of chest
pain; this symptom in adults often indicates life-
threatening coronary artery disease and myocar-
dial ischemia. Chest pain in pediatrics is rarely
caused by coronary insufficiency or indeed any
other serious cardiac problem. Prior reports
indicate that an etiologic cause for chest pain
cannot be determined in 21–45% cases of pediat-
ric chest pain.1,2 Musculoskeletal, respiratory,

and gastrointestinal causes of chest pain are
quite common in pediatrics. Despite this widely
acknowledged lack of heart disease as a cause of
chest pain, care providers and families often per-
ceive that this symptom in children may predict a
future catastrophic event, resulting in numerous
referrals to pediatric cardiologists with consequent
extensive diagnostic testing. However rare, chest
pain in children can be a sign of serious or even
life-threatening heart disease, and thus cannot be
ignored.

As a preliminary step in creating a Standardized
Clinical Assessment and Management Plan
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(SCAMP) for evaluation of children with com-
plaints of chest pain referred to pediatric cardiolo-
gists, we listed all the serious cardiac conditions
that we anticipated might present with chest pain
in new patients. We then searched our database for
all patients labeled with one of these important
diagnostic categories. The records of these
patients were then reviewed to determine if chest
pain was the presenting chief or significant com-
plaint. The results of this analysis formed the basis
for our report.

Methods

Study Population
A search of the Cardiology Department database
identified all children coded with myocarditis,
pericarditis, coronary anomalies, pulmonary
hypertension, pulmonary embolus, aortic dissec-
tion, Takayasu arteritis (TA), hypertrophic cardi-
omyopathy (HCM), and dilated cardiomyopathy
(DCM) for the decade between January 1, 2000
and December 31, 2009. Diagnoses in children
between 7 and 21 years were obtained from
cardiac catheterization, echocardiography reports,
discharge diagnoses, or cardiology billing codes.
Once the patients meeting these entry criteria
were identified, we reviewed each chart for more
data. Patients with a prior diagnosis of congenital
heart disease were excluded from the data search
by eliminating patients that had any “single ven-
tricle, truncus arteriosus, total anomalous pulmo-
nary venous return, atrioventricular (AV) canal,
endocardial cushion defects, or tetralogy of Fallot”
codes. Patients who had been diagnosed with
other congenital or acquired heart disease and
were followed longitudinally by a pediatric cardi-
ologist prior to their secondary diagnosis of chest
pain were excluded, as were patients diagnosed
prior to 2000 or outside of the 7–21 years age
range. It was the opinion of the authors that
patients with aortic valve disease severe enough to
be the cause of chest pain would already have been
identified and therefore would not have met eligi-
bility criteria for inclusion. Once included,
medical records were then further reviewed by a
single physician to determine if chest pain was
either the chief or one of the significant com-
plaints at the initial clinical encounter.

Electrocardiogram (ECG) Criteria
Electrocardiogram (ECG) readings were taken
from our electronic database of stored ECGs,

which are read by attending level pediatric cardi-
ologists. If the initial presenting ECG interpre-
tation was unavailable in our system, the
documented findings in the initial cardiologist’s
clinic or consult note were used. ST-segment and
T-wave changes, AV block, tachyarrhythmias,
atrial enlargement, ventricular hypertrophy, and
other miscellaneous findings (e.g., Wolff–
Parkinson–White [WPW]) were all included as
abnormalities. Incomplete right bundle branch
block (RSR’) and early repolarization diagnosed
by an attending cardiologist were considered
normal variants.

Data Collection
The review of patient medical records was
approved by the Children’s Hospital Committee
on Clinical Investigation and the need for
informed consent was waived. Additional collected
data included demographic details, presenting
symptoms, family history, medications, presenting
signs on physical examination, laboratory findings,
ECG and chest radiograph (CXR) findings, and
echocardiographic data including ejection fraction
(EF), shortening fraction, and pericardial effusion.
When available, results of chest computed tomog-
raphy (CT) angiogram and cardiac endomyocar-
dial biopsy were obtained.

Physical examination findings were preferen-
tially taken from the initial clinical examination of
a cardiologist, if available, at the time of presenta-
tion. High-risk past medical history (PMH) refers
to patients who are at increased risk for the devel-
opment of cardiac pathology as a consequence of
their underlying chronic illness (e.g., systemic
lupus erythematosus, malignancy, and thrombo-
philia). The presence of significant cardiac family
history refers to sudden unexplained death, cardi-
omyopathy, familial hyperlipidemia, or pulmonary
hypertension in close relatives. Final diagnoses
were taken from the attending cardiologist’s clini-
cal impression available in the medical record.
Patients diagnosed with “subclinical” myocarditis
without ECG, echocardiographic, or laboratory
abnormalities were excluded.

To understand how often chest pain is a major
presenting complaint in a large referral pediatric
cardiology outpatient clinic, we queried our com-
puterized scheduling system for the number of
visits in 2009 for chest pain.

Statistical Analysis
The primary outcome was the frequency of chest
pain as the presenting symptom for these patients
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with any 1 of 9 cardiac diagnoses. Secondary
outcome measures included the sensitivity of his-
torical features, clinical findings, and laboratory
screening in diagnosing these cardiac conditions.
Continuous variables are represented by median
values with interquartile range, unless specifically
identified by symbols in tables.

Results

Overview
During this 10-year study period, we identified
1590 patients with 1 of 9 serious cardiac diag-
noses listed above. As demonstrated in Table 1,
after excluding patients due to age or prior
cardiac diagnosis, 484 patients constituted the
study group. A review of their medical records

revealed that 171 (35%) of these patients pre-
sented to care with a complaint of chest pain.
Most of these diagnoses (130 of 171, or 76%)
were made in hospital or in the emergency
department (ED), but 41 were made at a first-
time visit to an outpatient clinic (Figure 1). The
diagnostic categories in all three sites that had the
largest number of patients with or without chest
pain included HCM and anomalies of the coro-
nary arteries, while pericarditis and myocarditis
comprised the largest number of patients with
chest pain as part of their presenting constellation
of symptoms. The number of patients with aortic
dissection (n = 1, after a motor vehicle accident)
and TA (n = 8) was low; none of these patients
presented with chest pain. The most common
outpatient diagnosis as a result of chest pain was
an abnormality of the coronary arteries, while
pericarditis and myocarditis were the most fre-
quent diagnoses in the ED.

Site of Presentation
Outpatient Department (OPD)
Of the 41 children over a 10-year period who
were diagnosed with one of the above described
diagnoses after presenting with chest pain in an
outpatient cardiology clinic, only 32 had serious
cardiac disease. Nine patients had clinically minor
abnormalities (3 patients with small coronary
artery fistula and 6 patients with a right coronary
artery [RCA] origin described as high). Table 2
shows the frequency of the diagnoses that

Table 1. Patients Identified with 1 of 9 Specific Cardiac
Diagnoses and the Number of Patients that Presented with
Chest Pain

Disease
Included
Patients

Patients with
Chest Pain

Aortic dissection 1 0 (0%)
Coronary anomalies 131 34 (26%)
Dilated cardiomyopathy 61 5 (8%)
Hypertrophic cardiomyopathy 100 5 (5%)
Myocarditis 62 46 (74%)
Pericarditis 65 62 (95%)
Pulmonary embolus 19 13 (68%)
Pulmonary artery hypertension 37 6 (16%)
Takayasu arteritis 8 0 (0%)
Total number of patients 484 171 (35%)

484 Patients fulfilled
Inclusion criteria

305 Patients presented
with other symptoms

or indications for referral
(65%)

171 Patients presented
with chest pain

(35%)

130 Patients were 
diagnosed in the ED

or Inpatient setting (76%)

9 Patients with clinically
insignificant cardiac 

pathology

32 Patients with serious 
underlying cardiac 

pathology

41 Patients were 
diagnosed in outpatient
Cardiology Clinic (24%)

Figure 1. Pediatric population that was evaluated in this review. ED, emergency department.

Kane et al.368

Congenit Heart Dis. 2010;5:366–373



emerged from further evaluation in the OPD.
Figure 2 illustrates that 20 (63%) patients were
diagnosed due to the presence of exercise-induced
chest pain, 1 patient had a high-risk PMH
(inflammatory bowel disease) that prompted an
echocardiogram, and the remaining 11 patients
had either an abnormal physical exam (n = 6,
specifically 4 murmurs, 1 systolic click and a
pectus deformity, and 1 friction rub) or an abnor-
mal ECG (n = 5). These ECG abnormalities
included right ventricular hypertrophy (n = 1),
WPW (n = 1), first-degree AV block with left
ventricular hypertrophy (n = 1), ST-segment
elevations (n = 1), and premature ventricular
contractions (n = 1).

Emergency Department and Inpatient Units
These patients had serious cardiac disease diag-
nosed in the ED or inpatient setting, but may
have been seen in an outpatient setting at a
different institution immediately prior to their
transfer. One hundred thirty patients presented
with chest pain and were diagnosed with serious
cardiac pathology at those two care sites. Table 2
shows the frequency of the diagnoses that were
identified. All of the patients in this cohort with
chest pain who had underlying diagnoses
of either DCM (n = 5) or pulmonary embolus
(n = 13) were diagnosed in the ED and required
hospital admission. Looked at differently, 116
out of these 130 (90%) children with chest pain
and underlying cardiac disease presenting to an

inpatient or emergency setting, had myocar-
ditis, pericarditis, or pulmonary embolus. Table 3
details many of the demographic, historical,
physical examination, and screening test results
from this group of patients presenting to the ED
or an inpatient ward. Fourteen of these patients
(11%), had been seen previously in the Chil-
dren’s Hospital Boston cardiology clinic, an
average of 3.7 years (range 19 days–14 years)
prior to their presentation. Eleven of these
patients who had not been seen in cardiology
clinic for at least 4 months prior to their diagno-
sis were diagnosed with acute cardiac diseases
(myocarditis, pericarditis, and pulmonary
embolus). The remaining three patients, includ-
ing the patient seen less than 3 weeks before
admission, were being screened for pulmonary
hypertension due to high-risk chronic illness and
a positive family history in cardiology clinic and
were eventually diagnosed with elevated right
ventricular pressure in the ED.

Specific Diagnoses
Coronary Anomalies
Only 34 of 131patients with a coronary anomaly
presented with chest pain (Table 1). Of these
patients, 12 had an anomalous RCA arising from
the left sinus of Valsalva and 5 had an anomalous
left coronary artery (LCA) with origin from the
right sinus. All of the patients with anomalous
LCA who presented with exertional chest pain
subsequently underwent surgical repair. Exer-
tional chest pain was also present in eight of the
patients with anomalous RCA from the opposite
sinus and one additional patient had chest pain in
association with the use of cocaine. This entire
subset of patients with anomalous RCA have
undergone surgical repair at our center. Exertional
chest pain was the salient finding at screening
evaluation: none had other symptoms or physical
examination findings, and only 4 of 17 (23%) had
an abnormal ECG.

Dilated Cardiomyopathy (DCM)
Sixty-one patients were identified with the diag-
nosis of DCM. As seen in Table 1, only five
patients (9%) presented with a chief complaint of
chest pain, but all five of them presented to the
ED. The majority of these patients also had
dyspnea on exertion (80%), abnormal ECGs
(80%), and cardiomegaly on their screening CXR
(100%). All patients had severe left ventricular
dysfunction with a mean EF of 21.3% and mean
fractional shortening of 10.8%. All of these

Table 2. Comparison of the Diseases Identified in the
Outpatient Department vs. the ED or Inpatient Unit

Cardiac Pathology

Outpatient
Department,
n (%)

Emergency
Department/
Inpatient, n (%)

Aortic dissection 0 0
Coronary anomalies

LCA from right sinus
RCA from left sinus
Coronary artery disease
Anomalous CA from

pulmonary artery
High takeoff of RCA
Coronary artery fistula
Dilated coronaries

32 (78)
4

12
1
1
7
3
3
1

2 (1)
1
0
1
0
0
0
0
0

Dilated cardiomyopathy 0 5 (4)
Hypertrophic cardiomyopathy 3 (7) 2 (1)
Myocarditis 1 (2) 45 (35)
Pericarditis 4 (10) 58 (45)
Pulmonary embolus 0 13 (10)
Pulmonary artery hypertension 1 (2) 5 (4)
Takayasu arteritis 0 0
Total patients 41 130

CA, coronary artery; LCA, left coronary artery; RCA, right coronary artery; ED,
emergency department.
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patients required intensive care unit (ICU) admis-
sion at our center.

Hypertrophic Cardiomyopathy (HCM)
Of 100 patients with HCM, only 5 presented
with chest pain (Table 1). Exertional chest pain
or a positive family history for sudden death or
HCM was present in three patients. All 5 of
these patients had abnormal ECGs and 4 had
murmurs at the time of cardiology evalua-
tion. Exercise ergometry testing was even-
tually performed in these patients, all of which
were abnormal with ST-segment changes during
exercise in three patients, one patient had LV
strain during late recovery, and the remaining
patient had a depressed blood pressure response
to exercise.

Myocarditis
Table 1 shows that of the 62 patients identified with
myocarditis, 46 had a chief complaint of chest

pain (74%). The group had a male predominance
(78%) with a short duration of symptoms and often
had a viral prodrome (65%) with fever (57%). Elec-
trocardiography was abnormal in 80% of these
patients with ST-segment elevation and T-wave
inversion being the most common abnormalities.
Only 8 of 42 CXRs revealed cardiomegaly (19%).
All of the patients who presented to the ED with
this subsequent diagnosis were admitted to the
hospital, and 41% (n = 19) to the ICU.

Pericarditis
Nearly all of the 65 patients with pericarditis pre-
sented with chest pain (95%) as seen in Table 1,
but only 4 were diagnosed in the outpatient
setting. Patients tended to have chest pain that
accentuated with supine positioning (63%) and
was pleuritic (66%) in nature. The presence of
fever (44%) and a viral prodrome (52%) were also
common in this cohort with chest pain. Physical
examination detected a friction rub in only 16 of

32 Patients with serious
Underlying cardiac 

pathology 

Chest Pain with exertion
No exertional
Chest Pain

20 Patients
High−risk medical or

Family history?

1 Patient
Abnormal Physical 

Exam (murmur, gallop, 
or rub)?

6 Patients Abnormal ECG?

5 Patients

No

Yes

Yes

Yes

No

Figure 2. Flow sheet demonstrating the clinical symptoms and findings that prompted echocardiography in the patients
presenting with chest pain to the outpatient department. ECG, electrocardiogram.
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50 patients (32%) in whom the presence or
absence of this feature was documented. Screening
ECGs were abnormal in 87% of the cases with the
most common finding being ST-segment eleva-
tion and abnormal T-wave inversions. Finally,
CXR revealed an enlarged cardiac silhouette in
only 38% of the cases. Eight patients with cardi-
omegaly underwent pericardiocentesis. All of
these drained effusions were greater than 2 cm in
size and only one did not have evidence of tam-
ponade physiology by echocardiography.

Pulmonary Artery Hypertension
Thirty-seven patients had elevated pulmonary
artery pressure (>1/2 systemic) that was diagnosed
after the age of 7, but only six presented with chest
pain (Table 1). The PMH was significant in three of
the patients, as one had obstructive sleep apnea
secondary to Prader–Willi syndrome, another had
portal hypertension secondary to Alstrom’s disease,
and the third had juvenile rheumatoid arthritis with
interstitial lung disease. Four patients had pulmo-

nary artery pressure at near systemic or suprasys-
temic levels, and all had evidence of either right
ventricular hypertrophy or right atrial enlargement
on ECG. The other two patients (who had right
ventricular pressures that were closer to half sys-
temic) underwent echocardiography due to abnor-
mal physical exam findings.

Pulmonary Embolus
Nineteen patients were included, of whom 13 pre-
sented with chest pain as one of the major com-
plaints (Table 1). The median age of these patients
with chest pain was 17 years (range 13–18 years),
and 62% were female. These patients presented
with acute symptoms of an average duration of 2.5
days with the longest period reaching 10 days.
Many of these patients had risk factors for throm-
boembolism that included recent surgery or
trauma (n = 4), history of immobilization (n = 2),
oral contraceptive use (n = 5), and malignancy (n =
2). The presence of extremity pain or swelling was
evident in 7 out of 13 (54%) of these patients.
D-dimer was performed in 11 patients and was
positive in 8. Chest CT angiogram confirmed the
diagnosis in all of these patients.

Detection of Serious Cardiac Disease Presenting as
Chest Pain in the Outpatient Setting
During the calendar year 2009, a review of the
billing codes of all outpatient evaluations in the
Department of Cardiology revealed that 426
patients between the ages of 7 and 21 presented
with a chief complaint of chest pain. Thus, assum-
ing a constant referral of pediatric chest pain to
our outpatient division, there would have been
~4400 new patients seen in our OPD during a
10-year period with chest pain, of whom 32 (0.7%)
had serious heart disease.

Discussion

Chest pain in children has been demonstrated in
the past to have a cardiac basis in ~5% of patients.1
This study utilized a different approach to the
evaluation of chest pain, by focusing on the diseases
that create the anxiety that is felt by patients,
parents, pediatric practitioners and other caregiv-
ers. These nine diseases have very low pediatric
incidence,1–16 and when faced with children that
have chest pain, it becomes analogous to finding the
“needle in the haystack.” The role of the pediatric
cardiologist is to uncover these “needles,” while at
the same time, educating pediatric practitioners
and reassuring concerned families about the

Table 3. Characteristics of the Patients Presenting with
Chest Pain to an ED or Inpatient Unit and Diagnosed with
Serious Underlying Cardiac Pathology

Variable Patients, n (%)

Male gender 88 (68)
Age (years) 16 (14, 17)
Exertional chest pain 16 (12)
Positional chest pain 46 (35)
Pleuritic chest pain 50 (38)
Viral symptoms 57 (44)
Fever 48 (37)
Dyspnea on exertion/shortness of breath 45 (35)
Syncope 2 (2)
Palpitations 10 (8)
High-risk PMH 16 (12)
Family history 7 (5)
Heart rate* 90 (76, 116)
Respiratory rate† 18 (16, 24)
Murmur 10 (8)
Gallop 8 (6)
Rub 15 (12)
Hepatomegaly 8 (6)
ECG abnormalities 101 (78)

ST elevations 51
T-wave inversions 23
AV block (1st, 2nd, 3rd) 3
Wide complex tachycardia 3
Left ventricular hypertrophy 4
Right ventricular hypertrophy 2
Atrial enlargement (right or left) 5
Nonspecific ST–T wave changes 10

Cardiomegaly‡ 34 (30)
Hospital admissions 102 (78)
Intensive care unit admissions 43 (33)

*100 patients.
†95 patients.
‡114 chest radiographs.
AV block, atrioventricular block; ECG, electrocardiogram; ED, emergency
department; PMH, past medical history.
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symptom of chest pain. This review found only 32
patients over a 10-year period that presented to the
outpatient cardiology clinic with a complaint of
chest pain and had serious underlying cardiac
pathology.

The pathology that was identified in the outpa-
tient department was largely comprised of coro-
nary anomalies. Thirty-two of the 34 patients with
chest pain and a coronary artery anomaly were
diagnosed in the outpatient clinic. Previous studies
on coronary anomalies and sudden death have
focused on anomalous origins from the opposite
sinus.6–8 Eckart et al. reviewed the autopsy data of
military recruits who suffered sudden unexpected
death over 25 years and identified 64 patients who
died from underlying cardiac pathology. There
were 21 patients who had coronary anomalies, all of
whom had an LCA from the right sinus.6We iden-
tified 11 patients with this lesion over our 10-year
review and 5 presented with chest pain that was all
exercise induced. Three of the other 6 patients had
exertional syncope, while the remaining 3 were
picked up incidentally. Reviewing 27 sudden death
patients with coronary origins from the opposite
sinus, Basso et al. reported on 10 patients who were
evaluated prior to their death due to premonitory
symptoms. In this patient group, the ECG was
normal in all 9 patients and the exercise stress ECG
was normal in all 6 patients who had these tests
performed. Limited echocardiography that
focused on left ventricular dilation and dysfunction
was normal in both cases, but they did not pro-
spectively evaluate the coronary origins.7These
data reinforce the importance of two-dimensional
echocardiography to delineate coronary origins
when patients present with exercise-induced symp-
toms and that exercise stress testing has little diag-
nostic yield. Our patients with coronary anomalies
tended to have normal ECGs, and the abnormal
studies (n = 4) may have been incidental findings
that were not a manifestation of the underlying
pathology. Figure 2 represents the initial stages of a
potential clinical algorithm that places emphasis on
exercise-induced symptoms as the principal his-
torical component that will prompt the diagnostic
test of choice: the echocardiogram.

Over 95% of our patients with myocarditis and
pericarditis were diagnosed in the ED or inpatient
setting, which suggests that our referral base of
pediatricians are recognizing disease and triaging
it appropriately or that families are bypassing
primary care due to the inherent anxiety produced
by the symptom of chest pain. There is potential
overlap between these two disease entities, and it is

likely that many of the patients coded for myo-
carditis had pericarditis. Troponin T, and more
recently troponin I, have been used with increas-
ing frequency in the last few years and have been
demonstrated to be sensitive markers for myocar-
dial inflammation.9–11 It is probable that many of
the patients in our cohort who had typical ECG
changes of pericarditis and normal ventricular
function were diagnosed with myocarditis due to a
mildly abnormal troponin value. Troponin, as a
biomarker for acute myocarditis, has a high speci-
ficity (89%) but a low sensitivity (34%) and it has
not been shown to correlate with EF or out-
comes.9,10 The presenting signs and symptoms for
these two diagnoses will remain nonspecific as
shown in our ED and hospital-based patients in
Table 3, and troponin will continue to play a larger
role in noninvasive screening. However, further
prospective studies need to be performed so that
more of these patients can ultimately be treated
with consistent outpatient cardiology follow-up.

Lipshultz et al. published the incidence of pedi-
atric cardiomyopathy and found that in the New
England region, there was an incidence of 1.44/
100 000 children. This reported figure included
51% of patients with DCM while 42% had
HCM.13,14 Only 10 of our 161 patients (6%) with
these two diagnoses presented to care with a com-
plaint of chest pain. Coupled with the low inci-
dence of cardiomyopathy in our pediatric
population, this demonstrates how rare it is for our
patients with chest pain to have an underlying
myopathy. All of our patients with DCM and chest
pain were critically ill, and this complaint may be a
late symptom that is a marker for severe left ven-
tricular dysfunction. Reviewing our patients with
these diagnoses further confirmed our suspicion
that these patients had a variety of positive histori-
cal features, physical examination findings, and
abnormalities on screening ECGs that would
create enough clinical concern to perform an
echocardiogram.

Our patients diagnosed with pulmonary hyper-
tension and pulmonary emboli were more likely to
have a significant PMH than some of the other
diagnoses we evaluated. A detailed family history
and an understanding of the potential complica-
tions of chronic illness created enough suspicion
to establish a diagnosis in these cases. The creation
of a guideline to screen for pulmonary embolus is
beyond the scope of this article. Important ques-
tions remain outstanding in the literature about
adequate screening for children with suspected
pulmonary embolus, particularly when the screen-
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ing test poses real risk to the child in the form of
radiation (CT angiogram).15,16 Continued efforts
between cardiologists, hematologists, and emer-
gency physicians will be important in trying to
improve our ability to diagnose pulmonary
embolus.

Limitations
There are limitations to this study. By focusing on
these “needles” and the patients that presented
with chest pain, we were unable to evaluate the
patients with chest pain that were not ultimately
diagnosed with one of these diseases. We were
unable to evaluate the specificity or the predictive
values of these historical features, physical exam
findings, and ECG abnormalities. Previous pro-
spective studies have been performed on chest
pain,1 but a prospective data analysis of this pro-
posed algorithm in the outpatient clinic will be
essential in its validation.

Conclusion

We have approached the problem of children pre-
senting with a common complaint that is rarely
due to serious heart disease in a different way. We
found all the “needles” from our serious heart
disease files, and then went back to explore the
haystack of chest pain in children. The results are
illuminating, and suggest that a careful and
focused history and physical examination, along
with a screening EKG, will find essentially all the
patients we are looking for.

Although this study provides a solid base to
identify a sound approach to this problem, and thus
prepare a SCAMP for the outpatient evaluations of
chest pain, it is not the end of the story. Improved
understanding is needed of the types of exercise-
induced pain, and the features of the physical
examination and ECG that herald serious heart
disease in these patients. More importantly, tal-
ented and dedicated caregivers will identify, using
innovation, experience, reason, and intuition, ways
in which this SCAMP is incorrect and needs
improvement. We look forward to the journey.
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