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introduction
Although a cardiac cause for chest pain is uncommon in chil-
dren, concern for this possibility by family and primary care 
physicians prompts referral to the pediatric cardiologist. It has 
been reported that the complaint of chest pain accounts for 
5.2% of all pediatric cardiology consults in an inpatient and 
emergency room setting.1

Multiple retrospective2-4 and prospective5-11 studies have 
been performed in the past to evaluate the etiology of chest 
pain in children; a cardiac etiology is reported in 0% to 15% of 
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patients. However, few studies2,9,10 have 
reported on patients referred to a cardiol-
ogy clinic. In addition, most studies were 
completed in the 1970s and 1980s.2-8 
Subsequent to these earlier reports, there 
have been substantial advances in the 
ability to assess the cardiovascular system 
with noninvasive techniques. Children 
evaluated in a pediatric cardiology clinic 
in recent years would be the most likely 
to have the presence of cardiac abnor-
malities detected. The objective of this 
study was to determine the proportion 
of patients referred to a pediatric cardiol-
ogy clinic for the complaint of chest pain 
who were diagnosed with a cardiac etiol-
ogy for their pain.

MetHods
We performed a retrospective medical 

record review of patients evaluated for chest pain from January 
1, 2004, through December 31, 2006, at the University of 
Wisconsin Children’s Hospital Pediatric Cardiology Clinic. 
Patients up to but not exceeding 18 years were included if they 
were evaluated for the chief complaint of chest pain during the 
study period. 

Patients were identified using 2 modalities: billing codes 
and echocardiogram records. In addition to the diagnosis of 
“chest pain,” our billing code search also included other diag-
noses that may be related to or might cause chest pain, includ-
ing precordial pain, hypertrophic obstructive cardiomyopathy, 
dilated cardiomyopathy, coronary artery anomalies, myocar-
ditis, pericarditis, arrhythmia, long-QT syndrome, Wolff-
Parkinson White (WPW) syndrome, palpitations, asthma, gas-
troesophageal reflux disease (GERD), vocal cord dysfunction, 
and anxiety. We searched echocardiogram records for a study 
indication of chest pain.

This study was approved by the Institutional Review Board 
of the University of Wisconsin School of Medicine and Public 
Health.

abstract
Objective: To determine the proportion of children referred to pediatric cardiology clinic for 
chest pain diagnosed with a cardiac cause for the pain.

Design: Medical records of patients evaluated for chest pain at the university of Wisconsin 
Children’s hospital from 2004 to 2006 were reviewed, including the studies performed and 
final diagnosis.

Results: A total of 135 patients, including 78 boys, ranging from 4 to 17 years were evaluated. 
eighty-four (62 %) patients had pain for at least 1 month. All patients had an electrocardio-
gram (eCG), and most had an echocardiogram performed. Only 1 patient (0.7 %) was found to 
have a cardiac cause for the pain. In 6 patients (4.3 %), there was possible supraventricular 
tachycardia based on history, but no evidence of abnormality on subsequent testing. ninety-
five percent of the patients were diagnosed with noncardiac chest pain.

Conclusion: The incidence of cardiac chest pain in our study population is less than previ-
ously reported. Many patients were referred to cardiology clinic despite having had normal 
testing by the referring physician. Primary care physicians should be reassured when patients 
have a normal history, physical examination, and testing. Referral to pediatric cardiology  
usually is not necessary under these circumstances.
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referring physician and some were by specialists. These tests 
are useful in identifying children and adolescents with clearly 
normal or abnormal studies. However, obtaining and interpret-
ing electrocardiograms (ECGs) and echocardiograms on pediat-
ric patients can be challenging, and at times, studies that were 
initially interpreted as abnormal or possibly abnormal were 
repeated and interpreted as normal by the pediatric cardiologist.

All of the patients had an ECG performed at least once 
during their evaluation. Of the 74 ECGs performed by the 
referring physician, 48 (65%) were normal, and 26 (35%) 
were thought to be abnormal. The most common abnormality 

results
Two hundred thirty patient encounters were identified by 
echocardiogram indication and 1180 patient encounters were 
found by the billing code search, for a total of 1410 encoun-
ters. One hundred thirty-five patient visits met the inclusion 
criteria; 1275 patient visits were excluded.

The study population included 78 boys and 57 girls,  
with ages ranging from 4 to 17 years (average 11.5 years). 
Seventy-five percent of children were at least 9 years of age. 
Between 40 and 50 children with the complaint of chest pain 
were evaluated in each year of the study. Sixty-nine percent of 
children were greater than the 50th percentile for body mass 
index (BMI). 

Chest pain characteristics are shown in Table 1. Eighty-four 
(62%) patients had pain for at least 1 month. The frequency and 
duration of the pain were variable. Forty-three (32%) patients 
described their pain as sharp, which was the most common 
descriptor. The most common locations of the pain were the 
left chest (52 patients, 39%) and sternum (43 patients, 32%).

The most common event precipitating chest pain was exer-
cise, reported in a total of 76 patients (56%). Forty patients 
(30%) reported having pain only with exercise, and 36 patients 
(27%) had pain both with exercise and at rest. Twenty-six 
patients (19%) reported taking a deep breath as preceding the 
pain. Less-reported triggers were movement (4 patients); after 
exercise concluded (3 patients); illness, palpitations, and anxiety 
(2 patients each); and eating (1 patient). Some patients reported 
multiple precipitating events. In 25 patients, no precipitating 
event was identified; in 11 patients, no precipitating event was 
documented. 

Palpitations, the most common symptom associated with 
chest pain, were reported in 57 (42%) patients. Dyspnea and 
dizziness were the other commonly associated symptoms, with 
reports by 44 (33%) patients and 35 (26%) patients, respec-
tively. Syncope was reported in 4 (3%) patients. No associated 
symptoms were reported in 40 (30%) children.

On physical exam, 5 (4%) patients had elevated blood pres-
sure (above the 95th percentile for age, sex, and height). Eight 
patients had reproducible chest pain on palpation of their 
chest. Fifty-one patients had murmurs or clicks heard on physi-
cal exam in the cardiology clinic. Eight (16%) of them had 
findings on echocardiogram consistent with the exam findings. 
Four of the patients had mitral valve abnormalities, and 1 each 
had pulmonary valve stenosis, subaortic membrane, ventricular 
septal defect, and bicuspid aortic valve. The remaining patients 
were felt to have innocent murmurs. 

Patients underwent various testing modalities in the course 
of their work-up for chest pain. Some of the testing was per-
formed by the referring physician and interpreted at his or her 
clinic; some of these interpretations were completed by the 

Table 1. Pain Characteristics

 Number Percent (totals may not
  (N = 135)   equal 100% due to rounding)

Duration of symptoms
  single episode 10 7
  < 1 week 1 1
  1 week to 1 month  17  13
  > 1 month to 6 months  50  37
  > 6 months  37  27
  not documented  20  15

Frequency of pain
  single episode  10  7
  < 1 per month  11  8
  1/month to < 1 per week  22  16
  1/week to < 1 per day  19  14
  Once or more per day  22  16
  not documented  51  38

Length of episodes
  < 1 minute  12  9
  1 to 5 minutes  31  23
  6 – 15 minutes  19  14
  16 minutes – 1 hour  18  13
  2 hours – 1 day  10  7
  > 1 day 4 3
  not documented  41  30

Quality of paina

  sharp  43  32
  Pressure  17  13
  Tightness  8  6
  squeezing  7  5
  Burning  6  4
  Dull  4  3
  Other  29  21
  not documented  37  27

Location of paina

  Left  52  39
  sternal  43  32
  Right  14  10
  Diffuse  11  8
  epigastric  5  4
  Other 4  3
  not documented  34  25

a Totals do not add up as some patients had multiple descriptors of their pain.



60 WmJ  •  April 2011

findings related to the chest pain. Five 
patients with previously known echocar-
diographic abnormalities had the abnor-
mality again demonstrated on echocar-
diogram during their work-up (1 each 
of mitral valve abnormality, pulmonary 
valve stenosis, ventricular septal defect, 
atrial septal defect, and bicuspid aortic 
valve). Table 3 provides further details 
on the echocardiogram results.

A follow-up cardiology evaluation 
was recommended in 19 patients based 
on their incidental cardiac findings 
(either by ECG or echocardiogram). 
Twelve patients received a recommenda-
tion for bacterial endocarditis prophy-
laxis based on their incidental cardiac 
findings, as all patients were seen prior 
to the 2007 revision of the American 
Heart Association guidelines. However, 
following the 2007 AHA guidelines, 
this recommendation would no longer 
be necessary in any of these patients.12

Seventeen percent (5/30) of patients 
with abnormalities suspected on the ini-
tial echocardiogram later were found to 
have normal echocardiograms. These 
included 1 patient with possible coro-
nary artery fistula, 1 patient with pos-

sibly elevated right-sided pressures, 1 patient with possible sub-
aortic membrane, 1 patient with enlarged aortic root, and 1 
patient with possible mitral valve abnormality. 

The diagnoses of the patients with chest pain are shown in 
Table 4. Only 1 patient (0.7%) was determined to have a car-
diac cause for his chest pain (pericarditis). Eighteen patients 
(13%) were diagnosed initially as having a possible cardiac 
cause for their chest pain, but on further testing, only 6 were 
still thought to have a possible cardiac cause. (In these 6 
patients, a tachyarrhythmia was suspected based on history, but 
was not demonstrated on either a Holter and/or event moni-
tor). One-hundred sixteen patients (86%) were diagnosed with 
noncardiac chest pain after the initial visit. At the conclusion of 
their cardiac evaluation, 128 patients (94.8%) were diagnosed 
with noncardiac chest pain.

The single patient deemed to have a cardiac cause for his 
chest pain was a 16-year-old boy who presented after a 2- to 
3-day history of chest pressure starting in his upper-chest bilat-
erally and then moving more centrally. The discomfort was 
preceded by less than 1 day of a vomiting illness that had also 
affected other members of his family. There were no complaints 

detected was possible chamber enlargement. Eighty-nine ECGs 
were obtained in the cardiology clinic. Of these, 49 (55%) were 
normal, and 40 (45%) were thought to be abnormal. Again, 
the most commonly detected abnormality was possible cham-
ber enlargement. One patient with Wolff-Parkinson-White 
syndrome had this diagnosis before evaluation for chest pain 
in the cardiology clinic. Table 2 details the abnormalities noted 
on the ECGs.

Thirty (22%) patients had echocardiograms ordered by the 
referring physicians prior to the cardiology appointment; 12 
were thought to be abnormal. The most common abnormal 
finding was a possible coronary abnormality (either possible cor-
onary artery fistula or abnormality of a coronary artery origin). 
Coronary arteries in children can be difficult to clearly delin-
eate and, if they are not well visualized or if there is artifact, this 
may be interpreted as a possible coronary artery abnormality. 
Ninety-three (69%) patients had echocardiograms performed 
during the cardiology visit; 21 were abnormal. The most com-
mon finding was an abnormality of the mitral valve. In total, 
108 patients (80%) had an echocardiogram performed as part 
of their evaluations; none was found to have echocardiographic 

Table 2. Abnormalities Found on electrocardiograms (eCGs) in Children with Chest Pain from Referring 
Physicians and in Cardiology Clinic

 Number Percent (of 135)

Abnormal ECGs from referring physician  26/74  19
  Chamber hypertrophy  8  (31%)
  Axis deviation  4  (15%)
  Premature atrial contractions  3  (12%)
  Pre-excitation/Wolff-Parkinson-White syndrome  3  (12%)
  First degree atrioventricular (AV) block  2  (8%)
  Right ventricular (RV) conduction delay  2  (8%)
  Possible faulty lead placement  2  (8%)
  J-point elevation  1  (4%)
  Low atrial rhythm  1  (4%)
  nonspecific T wave changes  1  (4%)

Abnormal ECGs from cardiology evaluation  40/89  30
  Chamber hypertrophy  15  (38%)
  Axis deviation  6  (15%)
  Pre-excitation/Wolff-Parkinson-White syndrome 5  (13%)
  Low atrial rhythm  3  (8%)
  Incomplete right bundle branch block (RBBB) 2  (5%)
  Borderline first degree block and RV conduction delay  2  (5%)
  Chamber hypertrophy with premature ventricular contraction (PVC)  1 ( 3%)
  Borderline first degree block  1  (3%)
  Possible Brugada with chamber hypertrophy  1  (3%)
  Axis deviation with intraventricular conduction delay  1  (3%)
  Bradycardia with early repolarization  1  (3%)
  T-wave abnormality  1  (3%)
  Borderline prolonged QTc  1 (3%)
  Possible Brugada vs early repolarization  1  (3%)
  Intraventricular conduction delay  1  (3%)

some patients had more than 1 type of abnormality detected.



61volume 110  •  no. 2 61

of fever, dizziness, or shortness of breath, 
although he did have 1 episode of a 
brief sensation of skipped heartbeats. An 
ECG was obtained that demonstrated 
ST segment changes in the inferior leads. 
Chest radiograph was normal. A tropo-
nin I level was elevated at 5.07 (normal 
0-0.05). He was diagnosed with pericar-
ditis, but no significant pericardial effu-
sion was seen on his echocardiogram. He 
was treated with ibuprofen, and within 
3 days his troponin I level was normal. 

Twenty-nine patients (21%) were 
determined to have cardiac findings that 
were not thought to explain their chest 
pain by the consulting pediatric cardi-
ologist. Mitral valve abnormalities were 
the most common incidental finding, 
in 8 patients (6%). Hypertension was 
documented in 5 patients, and Wolff-
Parkinson-White syndrome in 4 patients. 
There were 3 patients each with border-
line prolonged PR-interval and atrial 
septal defect, and 2 patients were found 
to have a small ventricular septal defect. 
Finally, there was 1 patient each with 
mild aortic dilation, possible coronary 
artery fistula, pulmonary valve stenosis, 
bicuspid aortic valve, and mildly elevated 
right-sided pressures. One patient had 2 
incidental findings.

discussion
This is the largest study to evaluate chest pain in a pediatric car-
diology clinic. Previous studies have reported between 50 and 
100 patients.2,9,10 In this study, all of the patients had at least 1 
ECG performed, and 80% of the patients had an echocardio-
gram performed as part of their evaluation. The high percent-
age of patients with this comprehensive testing should increase 
the likelihood of documenting the presence of cardiac pathol-
ogy, if it is present. Additionally, we did not exclude patients 
who had known cardiac abnormalities if they were referred 
for evaluation of chest pain. This also would be expected to 
increase the likelihood of finding patients with a cardiac cause 
for their chest pain.

There is an obvious selection bias present in our subjects. 
The frequency of a cardiac cause for chest pain would be 
expected to be lower in the primary care physician’s office than 
in the cardiologist’s office. Presumably, children with a clinical 
history suggesting a noncardiac etiology, including a reassur-

Table 3. Abnormal echocardiograms in Children with Chest Pain from Referring Physicians and in 
Cardiology Clinic

 Number Percent (of 135)

Abnormal echocardiograms from referring physician  12  9

 Number Percent (of abnormal 
 (n = 12)  referring echocardiograms)a

Possible coronary artery abnormality  7  58
elevated right-sided pressure  2  17
Atrial level shunt  2  17
Mildly dilated right ventricle  1  8
Increased left ventricular wall thickness  1  8
Decreased function  1  8
Mitral valve prolapse  1  8
Pulmonary insufficiency with increased wall thickness  1  8

 Number  Percent (of 135)

Abnormal initial echocardiograms from cardiology evaluation  21  16

  Percent (of abnormal  
 Number cardiology clinic  
  (n = 21)  echocardiograms)a

Mitral valve abnormality  7  33
small ventricular septal defect  2  10
small secundum atrial septal defect  2  10
Possible coronary artery fistula  2  10
Right coronary origin slightly high (potential normal variant)  2 10
Possible subaortic membrane 1  5
Mild pulmonary valve stenosis  1  5
Bicuspid aortic valve  1  5
Mild-moderate tricuspid regurgitation 1  5
Mild aortic dilation  1  5
Right-sided pressures upper limits normal/mildly elevated  1  5

aTotal does not add up to 100% as some studies had more than 1 abnormal finding.

Table 4. Diagnosis in Children with Chest Pain at Time of Initial Cardiology 
Clinic Visit

 Number of patients 
 (N = 135) Percent

Cardiac  1  0.7

Possibly cardiac  18  13
  Diagnosis after follow-up
  non-cardiac  12 (67%)
  Possibly cardiac  6 (33%)

Noncardiac  116a 86
  Musculoskeletal  25 (22%)
  Respiratory  16 (14%)
  Gastrointestinal/Gastroesophageal 13 (11%)
     reflux disease  
  Anxiety  3 (3%)
  Precordial catch  2 (2%)
  not specified/idiopathic  63 (54%)

aTotal of subcategories is greater than 100% due to multiple diagnoses in 
some patients.
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formed, 24 suggested ventricular hypertrophy or enlargement. 
All patients with these findings on ECG had an echocardio-
gram, none of which demonstrated cardiac chamber enlarge-
ment or hypertrophy. Of the 163 ECGs performed, 42 dem-
onstrated some other form of electrical abnormality, but only 
1 of these abnormalities was thought to be related to the pre-
senting complaint of chest pain. Similarly, incidental findings 
on echocardiography unrelated to the presenting complaint of 
chest pain were common. In our population, the only change 
in clinical care was the now outdated recommendation for 
bacterial endocarditis prophylaxis in 12 patients. 

conclusion
Chest pain is a common complaint in children. Although a 
pediatric cardiology referral may provide reassurance to the 
family and primary care physician, this study suggests that the 
outpatient evaluation of chest pain in children only rarely iden-
tifies a cardiac origin for the chest pain. Primary care physicians 
should be reassured that when patients have a normal history, 
physical examination, and testing, referral to pediatric cardiol-
ogy is usually not necessary.
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ing personal and family history and a normal physical exami-
nation, would not have been referred to pediatric cardiology. 
Therefore, this study population excludes those children for 
whom a cardiac cause was already excluded by their primary 
provider. Accordingly, referral to cardiology would be more 
likely if an abnormality were detected on the initial evalua-
tion by the primary care provider, even if that finding did not 
suggest an etiology likely to cause chest pain. Therefore, we 
expected the incidence of cardiac abnormalities to be higher in 
this study population than in the general population.

Of interest, the incidence of a cardiac cause for chest pain 
of 1/135 (0.7%) in this study is lower than that reported by 
most previous studies. Even if the 6 patients with a possible, 
but non-documented arrhythmia are included, the overall inci-
dence of cardiac-induced chest pain is 7/135 (5.2%).

One possible explanation for the low incidence of cardiac-
induced chest pain in our population is a decreasing thresh-
old for referral to the pediatric cardiology clinic from the pri-
mary care physician. In recent years, news and media coverage 
of sudden deaths in athletes has created heightened concern 
among both families and physicians. Primary care physicians 
may be fearful of missing cardiac pathology and assuming 
responsibility for clearing athletes to participate in sports. This 
hypothesis is supported by the fact that there were 50 (37%) 
patients referred who had no abnormalities on the cardiac tests 
ordered by the primary care physician (1 or more of ECG, 
echocardiogram, chest radiograph, Holter monitor, or event 
monitor). Additionally, 11 (8%) of those patients had both a 
normal ECG and echocardiogram before referral to pediatric 
cardiology.

Another potential reason that more children with chest 
pain are being referred to pediatric cardiology is the increased 
number of overweight and obese pediatric patients. It is pos-
sible that with increasing concern for premature coronary 
disease in overweight children, primary care physicians have 
fears of early atherosclerotic heart disease as a possible cause of 
chest pain. Our study population included a higher number 
of patients with an increased body mass index (BMI) than 
might have been expected (69% of patients had a BMI greater 
than the 50th percentile, 24% had a BMI greater than the 
85th percentile, and 10% had a BMI greater than the 95th 
percentile) although these numbers may be reflective of the 
referral population in general.

The sensitivity and specificity of ECG evaluation of the 
child with chest pain have not been studied previously. The 
pretest probability of ischemia or other cardiac causes of chest 
pain in this population is low, and our data suggests that the 
specificity of ECG testing is poor. Of the 163 ECGs per-
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