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Abstract

Purpose: Sudden cardiac arrest in school children is often associated with an underlying cardiac abnormality and
can be triggered by athletic activity. We tested the feasibility and efficacy of an onsite four-point 15-minute
preparticipation cardiac screening of school children to improve detection of cardiac abnormalities.

Methods: Two hundred and fifty four sixth-grade students were screened at their schools for cardiac
abnormalities by onsite focused history, focal cardiovascular physical exam, 12-lead electrocardiogram, and limited
echocardiogram.

Results: Subjects were primarily African American and Hispanic; 54.7% were girls. We identified 103 (40.6%)
subjects with abnormalities on history and physical exam, 50 (19.7%) with hypertension, 80 (31.5%) with
electrocardiographic abnormalities, and 32 (13.0%) with echocardiographic abnormalities. Based on these findings,
25 subjects (9.8%) were advised not to participate in rigorous exercise pending further evaluation. The ability to
detect abnormalities increased 36.0% with addition of electrocardiograms and 40.0% with addition of
echocardiograms.

Conclusion: Our onsite four-point screening system is feasible and effective in detecting undiagnosed cardiac
abnormalities and identifying false-positive results. Both athletic and non-athletic children had undiagnosed cardiac
abnormalities, which suggests the utility of screening all schoolchildren for cardiac abnormalities.

Keywords: Echocardiography; Electrocardiology; Screening; Sudden
cardiac death; Athletes

Introduction
Sudden cardiac death (SCD) in young athletes is unexpected and

tragic, and is usually caused by occult cardiovascular disease [1,2].
Numerous structural, electrical, and acquired cardiovascular
abnormalities are capable of causing SCD [3]. Identifying cardiac
disease at an early age may allow early risk stratification and/or
lifestyle modifications, pharmacotherapy, and device therapy to reduce
subsequent SCD [3-6]. Such cardiac abnormalities placing an athlete at
sports participation risk have been observed by electrocardiogram
and/or echocardiogram in up to 5% of athletes screened [2,7-10].
Presently, there are no universally accepted standards for
preparticipation cardiovascular screening (PPCS) of young athletes or
standardized testing or credentialing for healthcare professionals

performing such screenings in the United States [11,12]. PPCS by
history and physical examination alone is not sufficient to guarantee
detection of many critical cardiovascular abnormalities in young
children [13,14].

Adding a 12-lead electrocardiogram (ECG) to the usual history and
physical examination has been recommended by large organizations
worldwide including the European Society of Cardiology, International
Olympic Committee, Israel Ministry of Health, Japanese Ministry of
Health, and Fédération Internationale de Football Association (FIFA)
[7,15-17].

Interestingly, the National Basketball Association (NBA) requires an
annual standardized ECG screening as well as rest and stress
echocardiogram for every player prior to training. Those interpreting
ECGs should be aware of normal variations in young athletes from
physiologic training effects [18-22]. Two-dimensional
echocardiography is the principal diagnostic tool for clinical
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recognition of hypertrophic cardiomyopathy (commonest cause of
athlete SCD in United States), as it can reveal otherwise unexplained
asymmetric left ventricular wall thickening; [23] it is also the
procedure of choice for differentiating physiological hypertrophy from
hypertrophic cardiomyopathy [24-26].

Echocardiography can also detect other relevant abnormalities
associated with SCD in young athletes, such as valvular heart disease,
aortic root dilatation, ventricular dysfunction, atrial septal defects,
coronary anomalies, and patent ductus arteriosus [2,27]. Although
PPCS has generally been limited to athletes due to reported higher
incidence of SCD, the risk of SCD in the non-athletic population may
be similar and deserves further evaluation [1,13,28-30].

The purpose of the Houston Early Age Risk Testing and Screening
(HEARTS) Study was to test the feasibility and efficacy of onsite
cardiovascular screening of 12-year-old athletic and non-athletic
school children, determine the sensitivity and specificity of the
modalities to detect abnormalities, and to reduce SCD in this
population by managing abnormal findings with medicine or surgery
and/or proscribing certain activities.

Materials and Methods

Study design and population
Between May 2009 and March 2010, we screened 254 sixth graders

from three middle schools in the Greater Houston area, chosen
because they were in medically underserved areas. These screenings
took place at the school gyms and were conducted by a group of
cardiologists, internists, and technologists with portable equipment, as
described below. The screening consisted of a medical history, a
focused physical exam, 12-lead electrocardiography, and limited 2-
dimensional echocardiography. The study was approved by the
institutional review board of The University of Texas Health Science
Center at Houston. This study meets the ethical standards of the
journal [31].

Screening
A single-page, 10-item questionnaire was given to the subjects to

take home and was completed by them and their parents prior to the
screening, and checked by the study personal on the day of screening.
This questionnaire was modified from the Preparticipation Physical
Evaluation Form (designed to promote the health and safety of the
athlete in training and competition) developed by the American
Academy of Family Physicians and Pediatrics, American College and
American Osteopathic Academy of Sports Medicine, American Heart
Association, American Medical Society and American Osteopathic
Society for Sports Medicine [7].

Because most children in sixth grade are not involved competitively
in athletics, and to better define which subjects were exercising
regularly, we defined “athletes” per the CDC guidelines as those
performing at least 1 hour of physical activity per day [32]. This was
determined by self-report, and physical activity was defined as a
planned, structured movement of the body designed to enhance
physical fitness [33].

Focused and standardized physical examinations targeting findings
specific to underlying heart conditions known to be associated with
SCD in children were performed and documented [5]. This included
physical stigmata of Marfan syndrome, auscultation for heart murmurs

(supine, standing, with Valsalva maneuver), femoral pulses, and
brachial artery blood pressure.

A pathological murmur include a holosystolic or diastolic murmur,
grade 3 or higher murmur, harsh quality, an abnormal S2, maximal
murmur intensity at the upper left sternal border, a systolic click, or
increased intensity when the patient stands [34-36]. Casual Blood
Pressure: all of the casual BPs were measured by auscultation using an
aneroid sphygmomanometer (Mabis MedicKit 5, Mabis Healthcare,
Waukegan, IL). Aneroid calibration and recertification in auscultatory
BP measurement technique occurred annually for all of the equipment
and personnel. Standardized methods for obtaining casual BP have
been described previously [37].

Study personnel measured auscultatory BP 3 times at the screening
study visit, and the mean was used as the participant's casual BP for the
present analysis. Each participant's casual BP was classified according
to the National High Blood Pressure Education Program Fourth
Report on the diagnosis, evaluation, and treatment of high BP in
children and adolescents: [38] normotensive (<90th percentile and <
120/80 mmHg), prehypertensive (≥ 90th and <95th percentiles or <90th

percentile and >120/80 mmHg), and hypertensive (≥ 95th percentile).

In this analysis, participants' casual BP obtained within 30 days of
ABPM placement were used to classify their ambulatory BP category
(see below). The 2010 CDC body-mass-index-for-age charts for
children and adolescents were used to categorize subjects weight [39].
A portable ECG machine (GE Mac 5500, GE Healthcare, Milwaukee,
WI) was used to perform standard 12-lead ECG scans. Each ECG was
evaluated on site by a study cardiologist using the European Society of
Cardiology criteria [40].

For example, the presence of T-wave inversion 2 mm in two or more
adjacent leads in an athlete is considered abnormal [40]. If a significant
ECG finding was noted based on these criteria, further work-up
including complete echocardiograms, stress tests, magnetic resonance
imaging and consultation with a pediatric cardiologist was advised
[40,41]. Screening two-dimensional Doppler echocardiograms were
performed on all subjects by experienced sonographers using two
portable ultrasound units, an Acuson P50 (Siemens Medical Solutions,
Concord, CA) and a GE Vivid I (GE Healthcare). On-site pediatric
cardiologists with expertise in echocardiography used a check list of
findings so that each echocardiograph (two-dimensional, pulsed
Doppler, and color flow mapping) was evaluated in a standardized
manner.

The limited echocardiogram is completed in about 7 minutes and
includes the following views, designed to capture the more common
cardiac abnormalities in children associated with SCD and included
parasternal long- and short-axis views; apical two-, four-, and five-
chamber views; and suprasternal notch views. The major items
checked off by the Cardiac echocardiology physician included: Left and
Right ventricular systolic function and chamber size and wall
thickness, Left and right atrial size, Interventricular and Interatrial
Septum (2D and color doppler), Aortic-Mitral-Pulmonary-Tricuspid
valve, Aorta and Pulmonary artery, Aortic root/arch (2D and color
doppler), Left and Right coronary ostia (visualized and in correct
location). Definitions of significant abnormalities were based on
standard echocardiographic diagnostic criteria [42].

For example, the right venticle was defined as dilated if
measurement of right ventricular outflow tract dimensions at the
proximal/subvalvular level in the parasternal long-axis anterior portion
view was>3.3 cm [43]. When a significant abnormality was detected,
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the subject was advised to have a follow-up complete two-dimensional
Doppler echocardiogram exam. Each subject with normal findings was
given a Clearance Form allowing participation in school athletics for 2
years, based upon the Lausanne Recommendations [44]. If the subject
had a major finding detected by history, physical, ECG, or
echocardiogram, he or she was referred for additional screening and to
the UTHSC-H pediatric cardiology subspecialty clinic for further
evaluation.

Statistical analysis
The data were analyzed by S.J.B. All the continuous variables were

tested for normal distribution. Depending on the type of distribution, a
two-sided t-test, Fischer’s exact test (parametric variables), or Mann-
Whitney test (non-parametric variables) was used to assess for
differences between the means. Prevalence percentages were used to
present the various cardiac abnormalities detected. SAS v 9.1.3
(SAS Version - Cary, NC: SAS Institute, 2003) was used for data
management and statistical analyses. A p-value of less than 0.05 was
considered significant.

Results

Demographic characteristics
Of the 361 sixth-graders in the three middle schools, 259 subjects

agreed to participate in the study, and informed consent was obtained
from their parents. Of the 259, one subject was excluded because of
paraplegia and four others were absent on the screening day, making a
total of 254 participants. Demographic information on the subjects is
summarized in Table 1. One hundred thirty nine (54.7%) were female.
The study population was predominantly African-American (139,
54.7%), followed by Hispanic (83, 32.7%), non-Hispanic white (27,
10.6%), and Asian (4, 1.6%). The mean age was 11.9 ± 0.7 years. Sixty-
one percent of the study participants (154) were classified as athletes.
Athletes did not differ significantly from nonathletes by age, ethnicity,
or body mass index.

Characteristics Male (n=115) Female (n=139) Total(N=254)

Athletes

(n=72)

Non-athletes

(n=43)

Athletes

(n=82)

Non-athletes

(n=57)

Mean age (SD) 11.9 (± 0.7) 11.9 (± 0.7) 11.8 (± 0.7) 11.8 (± 0.6) 11.9 (± 0.7)

Ethnicity, n (%)

African American 36 (50.0) 25 (58.1) 48 (58.5) 30 (52.6) 139 (54.7)

Hispanic 22 (30.6) 16 (37.2) 22 (26.8) 23 (40.4) 83 (32.7)

non-Hispanic white 14 (19.4) 1 (2.3) 9 (11.0) 3 (5.3) 27 (10.6)

Asian 0 (0.0) 1 (2.3) 3 (3.7) 0 (0.0) 4 (1.6)

Other 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 1 (0.4)

Mean body mass index (SD) 21.3 (± 5.4) 22.2 (± 5.7) 21.9 (± 6.0) 23.1 (± 5.4) 22.0 (± 5.7)

Body mass index category, n (%)

Underweight 3 (4.2) 0 (0.0) 3 (3.7) 1 (1.8) 7 (2.8)

Normal weight 37 (51.4) 21 (48.8) 47 (57.3) 23 (40.4) 128 (50.4)

Overweight 14 (19.4) 10 (23.3) 11 (13.4) 14 (24.6) 49 (19.3)

Obese 18 (25.0) 12 (27.9) 21 (25.6) 16 (28.1) 67 (26.4)

Mean hours of exercise per week
(SD)

13.4 (± 7.0) 2.3 (± 2.0) 13.3 (± 6.3) 2.1 (± 2.0) 9.1 (± 7.6)

Table 1: Demographic characteristics of the study population.

History and cardiovascular physical exam
Before the study, 16 (6.3%) of the 254 subjects had been restricted

from physical activity or participation in sports on the basis of history
(Table 2). Thirty-nine (15.4%) subjects had an ongoing medical
condition, 10 (3.9%) subjects complained of having passed out or
nearly passed out during or after exercise, and 84 (33.1%) subjects had
a family history of heart disease.

The cardiovascular physical exams revealed 103 (40.6%) subjects
with abnormal physical findings, the commonest a positive Marfan’s
arm span (54, 21.3%), abnormal blood pressure (50, 19.7%), and heart
murmurs (Table 2). We restricted for further evaluation six of 25
(24.0%) subjects on the basis of abnormal medical history or physical
exam findings alone, with no other documented abnormal ECG or
echocardiogram findings.
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History findings n (%) Physical exam findings n (%)

Restriction from sports before study 16 (6.3) Arm to height ratio>1.05 54 (21.3)

Ongoing medical condition 39 (15.4) Hypertension* 50 (19.7)

Syncope/presyncope during exercise 10 (3.9) Heart murmurs 13 (5.1)

Chest pain during exercise 38 (15.0) Precordial heave/pulsation 4 (1.6)

Palpitations during exercise 37 (14.6) Marfan’s thumb/wrist sign 3 (1.2)

Prior testing for heart disease 18 (7.1) Arachnodactyly 4 (1.6)

Sudden death in family 17 (6.7) Fixed split second heart sound 3 (1.2)

Heart disease in family 84 (33.1) Radio-femoral delay 1 (0.4)

*Stage 1 hypertension in 21 (8.3%) subjects, Stage 2 hypertension in 29 (11.4%) subjects

Table 2: History and physical exam findings.

12-Lead ECG Findings
Eighty of our subjects (31.5%) had positive ECG findings; some

subjects had more than one abnormality (Table 3). The addition of
ECG to the standard screening revealed nine additional subjects
(35.0%) with significant cardiovascular abnormalities but yielded a
high percentage of false-positive findings. ECG identified 42 subjects
(16.5%) with left ventricular hypertrophy, but only 6 of those subjects
had abnormal findings that could lead to detrimental health effects

triggered by physical exertion (i.e., the subjects were not cleared for
active sports pending further evaluation), and only three were
confirmed to have increased left/right ventricular thickness.
Electrocardiogram had a sensitivity of 50.0%, a specificity of 84.3%, a
negative predictive value of 98.6%, and a low positive predictive value
of 7.1% in identifying left ventricular hypertrophy. The second
commonest abnormality on ECG was early repolarization/isolated J-
point elevation (40, 15.7%).

Abnormal ECG findings, n (%) Athletes(n=154) Non-athletes(n=100) Total (n=254)

Left ventricular hypertrophy 30 (19.5) 12 (12.0) 42 (16.5)

Early repolarization 26 (16.9) 14 (14.0) 40 (15.7)

T-wave inversion 5 (3.2) 3 (3.0) 8 (3.1)

Incomplete right bundle branch

block

4 (2.6) 3 (3.0) 7 (2.8)

Long QTc 0 (0.0) 5 (5.0) 5 (2.0)

Right ventricular hypertrophy 3 (1.9) 1 (1.0) 4 (1.6)

Left axis deviation 3 (1.9) 0 (0.0) 3 (1.2)

Right atrial enlargement 0 (0.0) 2 (2.0) 2 (0.8)

Pre-excitation 1 (0.6) 0 (0.0) 1 (0.4)

Left atrial enlargement 0 (0.0) 1 (1.0) 1 (0.4)

Right axis deviation 1 (0.6) 0 (0.0) 1 (0.4)

Left anterior fascicular block 1 (0.6) 0 (0.0) 1 (0.4)

Total ECG Abnormalities 49 (19.3) 31 (12.2) 80 (31.5)

Echo findings, n (%) Athletes(n=154) Non-athletes(n=100) Total (n=254)

Atrial septal defect/ patent

foramen ovale

4 (2.6) 6 (6.0) 10 (3.9)

Left ventricular hypertrophy 1 (0.6) 5 (5.0) 6 (2.4)
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Tricuspid regurgitation 4 (2.6) 1 (1.0) 5 (2.0)

Patent ductus arteriosus 3 (2.0) 2 (2.0) 5 (2.0)

Pulmonary artery dilation 1 (0.6) 2 (2.0) 3 (1.2)

Right ventricular dilation 3 (2.0) 0 (0.0) 3 (1.2)

Aortic stenosis/incompetence 2 (1.3) 1 (1.0) 3 (1.2)

Mitral valve prolapse/bowing 0 (0.0) 2 (2.0) 2 (0.8)

Ventricular septal defect 1 (0.6) 0 (0.0) 1 (0.4)

Aortic root dilation 0 (0.0) 1 (1.0) 1 (0.4)

Abnormal aortic arch flow 1 (0.6) 0 (0.0) 1 (0.4)

Pulmonary valve insufficiency 0 (0.0) 1 (1.0) 1 (0.4)

Right atrial dilation 1 (0.6) 0 (0.0) 1 (0.4)

Right coronary ostium, not

visualized

1 (0.7) 0 (0.0) 1 (0.4)

Total Echo abnormalities 17 (6.7) 15 (5.9) 32 (12.6)

Table 3: Prevalence of electrocardiogram (ECG) and echocardiogram (Echo) abnormalities.

Two-Dimensional DOPPLER echocardiogram findings
Interatrial septal defect (10, 3.9%) was the most common abnormal

finding, followed by increased left ventricular wall thickness (six,
2.4%), abnormal tricuspid valve regurgitation (five, 2.0%), and patent
ductus arteriosus (five, 2.0%) (Table 3). Additional findings included
pulmonary artery dilation, increased right ventricle chamber size,
aortic stenosis/regurgitation, mitral valve prolapse, ventricular septal
defect, patent ductus arteriosus, aortic root dilation, and increased
right atrial size.

Adding ECG and echocardiogram
Figure 1 shows the incremental value of adding ECG and

echocardiography to history and physical examination: they detected
more subjects with left ventricular hypertrophy, enlarged chambers,
valvular abnormalities, preexcitation, long QTc, interatrial or
interventricular septal defects, and aortic root abnormalities. Adding
an ECG revealed seven (36.0%) more children with abnormalities, and
adding an echocardiogram an additional 10 (40.0%) more. The
echocardiograms were also valuable in reclassifying false-positive
findings (by history, physical and ECG) results in 86.3% of cases,
especially left ventricular hypertrophy and early repolarization, thus
minimizing further workup.

Sex differences
The average of diastolic blood pressures of males (70.5 ± 7.9) was

higher compared to that of females (69.0 ± 7.8) (p=0.0129). Males also
had more positive abnormal ECG findings (53.0% vs. 13.7%, p<
0.0001). No differences by sex were noted in physical exam, mean
systolic blood pressure, or echocardiography.

Weight groups
The percentages of underweight, normal weight, overweight, and

obese subjects are shown in Table 1. Overweight and obese subjects
had a higher prevalence of hypertension than the underweight and
normal groups (30.2% vs. 11.1%; p-value=0.0002), and were more
likely to have an abnormality detected on physical examination (50.9%
vs. 32.6%; p-value=0.0034). There was however no significant
differences in weight groups regarding abnormal ECG or
echocardiogram findings.

Athletic status
No significant differences in the electrocardiogram,

echocardiogram, or blood pressure findings of athletes and non-
athletes were found (Figure 2).

Figure 1: Incremental value of ECG and echocardiography in
correctly diagnosing cardiovascular abnormalities (by percentage).
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Figure 2: Findings using different diagnostic modalities of the four-
point screening in athletes and non-athletes (by number).

Clearance status and progress reports
After carefully evaluating the history, physical exam, ECG, and

echocardiography findings, we divided the subjects into three groups.
One-hundred and ninety-one (75.2%) had normal findings and were
cleared with no restriction for active sports for 2 years. Thirty-eight
(15.0%) subjects had findings not associated with SCD but needed
further follow-up; they were still cleared with no restriction. Twenty-
five (9.8%) (Table 4) had abnormal findings that could lead to
detrimental health effects triggered by physical exertion and so were
not cleared for active sports pending further evaluation.

Subject No. Athletes (n=11) Follow up outcome

0028 Right ventricular hypertrophy , right ventricular dilation, Ventricular
septal defect

Mild increase in LV size with preserved systolic function-stress test planned –
No show

0121 Severe palpitations, Sinus tachycardia Follow up in process

0138 Chest pain, Patent ductus arteriosus Patent ductus arteriosus closed by Amplatzer occluder

0152 Stage 2 hypertension, Atrial septal defect (Ostium secundum) Lost to follow up

0164 Incomplete Right bundle branch block, Abnormal aortic flow Follow up in process

0167 Right ventricular dilation Complete echocardiogram normal.

0179 Patent ductus arteriosus Lost to follow up

0185 Stage 2 hypertension, Premature atrial complexes, Patent foramen
ovale

Follow up in process

0198 Long QTc, Patent ductus arteriosus Lost to follow up

0203 Chest pain/ syncope, palpitations Follow up in process

0219 Wolff-Parkinson-White Syndrome Patient being evaluation for possible ablation of accessory pathway.

Non-athletes (n=14) Follow up outcome

0001 Atrial septal defect/Patent foramen ovale Transcatheter atrial septal defect

closure.

0041 Stage 2 hypertension, Left ventricular hypertrophy, Coarctation of
aorta

Cardiac catheterization with balloon angioplasty/stent placement of coarctation
of aorta

0066 Stage 2 hypertension Treated with lisinopril

0074 Chest pain, Aortic root dilation Lost to follow up

0077 Stage 2 hypertension, Left ventricular hypertrophy, Patent foramen
ovale/Atrial septal defect

Full echocardiogram revealed Small patient foramen ovale with minor left to
Right shunt, annual follow up.

0079 Stage 2 hypertension, Patent foramen ovale, Interatrial Aneurysm Follow up in process

0088 Chest pain, palpitations, Atrial septal defect Follow up in process

0097 Stage 2 hypertension, Left ventricular hypertrophy Lost to follow up
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0104 Aortic arch dilation, Patent ductus arteriosus Lost to follow up

0146 Syncope, Stage 2 hypertension, Left ventricular hypertrophy Lost to follow up

0148 Stage 2 hypertension, Atrial septal defect/Patent foramen ovale Follow up in process

0151 Stage 2 hypertension, Long QTc, Left ventricular hypertrophy Follow up in process

0154 Long QTc Follow up in process

0166 Stage 2 hypertension, Sinus tachycardia Lost to follow up

Table 4: Screening findings of the restricted subjects and follow up.

We referred the 11 (4.3%) athletic subjects and 14 (5.5%) non-
athletic subjects with abnormal findings for additional screening. The
most frequent of these abnormal findings were hypertension (44.0%),
vascular abnormalities (16.0%, patent ductus arteriosus and
ventricular septal defect), ventricular hypertrophy (16.0%, left
ventricular and RV hypertrophy), rhythm conduction disturbances
(16.0%, long QTc and Wolff-Parkinson-White syndrome.), and aortic
root abnormalities (12%, aortic root dilation and coarctation).

Follow up
There were several cases in which a major abnormal finding resulted

in significant action being taken (Table 4). Specifically, one coarctation
of the aorta required stenting, a large atrial septal defect underwent
transcatheter closure, and one patent ductus arteriosis was closed.
Also, several children with Stage 2 hypertension underwent lifestyle
changes, were started on medication, and/or are now being followed in
a hypertension clinic. One child with Wolff-Parkinson-White
syndrome was referred to a pediatric electrophysiologist for ablation.
In several cases, a complete echocardiogram with a bubble study
revealed the screening finding was a false positive. Many of the other
children are currently enrolled in a pediatric clinic and are receiving
follow up for their abnormal screening tests. Unfortunately, a
significant number of children were lost to follow up (left the school or
state).

Discussion
This prospective study suggests that our onsite four-point

cardiovascular screening tool for athletic and non-athletic sixth
graders is feasible and effective. ECG and echocardiography
incrementally improved screening in this population (36.0% and
40.0%, respectively) with a small increase in assessment time, showing
that the method is feasible in a population-based, community setting.
The small percentage of subjects with cardiovascular abnormalities
detected by history and physical exam suggests these are an ineffective
screening tool [2,45,46]. The inclusion of ECG increased combined
sensitivity by identifying potential accessory pathways and ion
channelopathies. On its own, echocardiography identified four (16.0%)
of the 25 participants with abnormal findings that were not identified
by medical/physical and ECG findings.

Cardiovascular findings ranged from clinically relevant and
associated with sudden cardiac death (e.g. coarctation of the aorta) to
clinically relevant (e.g. atrial septal defect) to normal variants (e.g.
physiological hypertrophy). Subjects with a normal pediatric finding
such as mild pulmonary or tricuspid valve regurgitation were not
classified as “abnormal findings” but rather as normal variants.

Cardiovascular abnormalities were more common (9.8%) than
previously reported [2,7,9,10,47]. However, we included nonathletic
children and screened medically underserved, minority communities,
which may have higher prevalence’s of undiagnosed abnormalities,
obesity and hypertension. While our population was predominantly
African American and Hispanic, a recent report of similar screening of
400 healthy predominantly white children (mean age 11.8 years) noted
undiagnosed cardiac abnormalities in 5.8%, serious cardiac conditions
in 2.5%, and hypertension in 5%[8]. We are now screening a larger
number of children from a broader sociodemographic pool in Houston
to determine whether this screening procedure leads to early detection
across all ethnicities.

Our results also show the importance of screening non-athletes
(Table 4 and Figure 2). The case for restricting the screening to just
athletes is economic. For instance, in one large study, PPCS detected
hypertrophic cardiomyopathy in only 22 of 33,735 young athletes
(0.07%), yet caused only 1 sudden death among the athletes (2.0 %) but
16 sudden deaths among the non-athletes (7.3 %), suggesting the need
for screening both groups [48]. Screening non-athletes may lower the
incident rate of SCD by capturing subjects that might become athletic
later [49]. Our slightly higher rates of cardiovascular abnormalities in
non-athletes may be due to a self-selection bias, the non-athletes
avoiding active sports because of underlying cardiovascular
abnormalities.

Twenty-five participants (9.8%) were not cleared for sports
participation (Table 4); most of these subjects had both positive
medical history/physical exam findings such as chest pain and stage 2
hypertension, abnormal ECG (e.g. Wolff-Parkinson-White Syndrome),
or a significant structural abnormality on echocardiography (dilated
aortic root, coarctation of the aorta). The long QTc cases were mostly
false positives, or may have been due to temporary electrolyte
abnormalities or medication effects, as most were only hundredths of
seconds prolonged (e.g. 480 milliseconds) and were normal on
subsequent visits. Several are currently being followed up by
electrophysiology; however several were lost to follow up. The impact
of sidelining 10% of school children from physical activity is high,
given the rates of obesity and diabetes in this group. Thus, a screening
program would need to consider this aspect and strive to get this 10%
worked up and managed appropriately to allow them to return to
physical activity if possible based on their final diagnosis and
disposition.

It is not surprising that 37 subjects reported palpitations during
exercise, as palpitations are common in children and usually well
tolerated [50]. However, palpations with chest pain or shortness of
breath may indicate a possible underlying cardiac condition associated
with SCD [50].
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As seen in Table 2, more subjects had an arm-to-height ratio>1.05
than had a positive Marfan’s thumb/wrist sign. One child diagnosed
with these findings had an echocardiography abnormality (a dilated
aortic root). These findings suggest that these physical examination
findings may not be specific for the diagnosis of Marfan’s Syndrome in
this young population, which is important because of associated heart
problems in Marfan’s Syndrome. The diagnosis of Marfan syndrome
relies on defined clinical criteria (revised Ghent nosology), comprising
a set of major and minor manifestations in different body systems,
have proven to work well in adults; however, concerns with the current
nosology are that some of the diagnostic criteria have not been
sufficiently validated, are not applicable in children or necessitate
expensive and specialised investigations [51].

It is also important that the final diagnosis in a number of the
children who screened abnormal would not have ultimately prevented
their participation in sports (e.g., patent foramen ovale, stage 2
hypertension). However, several children did have conditions that
might have resulted in SCD had they not been identified and treated,
including coarctation of the aorta, Wolff-Parkinson-White Syndrome,
and aortic arch dilation. In addition, we identified many children who
were obese (referred to primary physician for counseling) and/or had
hypertension (referred to pediatric hypertension clinic and treated)
that if left unchecked, would likely lead to premature coronary artery
disease in adulthood.

Finally, we may not have detected all abnormalities, as our screening
methodology has a lower ability to detect certain abnormalities than
other methods e.g., anomalous coronary arteries are better detected by
computed tomographic angiography imaging [52].

Interestingly, we did not identify any children with hypertrophic
cardiomyopathy, perhaps because we did not screen enough children;
[41] or because overt cardiac hypertrophy may not develop until
adolescence or later [53]. As detection of hypertrophic cardiomyopathy
is a major goal of any childhood screening program, our screening
clearance is for only 2 years, so that those with the genotype but not
expressing the phenotype, can be detected at later required screenings
(i.e., young children predisposed to the phenotype of hypertrophic
cardiomyopathy may not show evidence of left ventricular
hypertrophy).

Isolated congenital coronary artery anomalies of wrong sinus origin
are another rare but well-described cause of SCD, and symptoms occur
in less than half of people [54]. While we did not detect any congenital
coronary artery anomalies in our study, our screening
echocardiograms were able to identify the origins of the coronary
vessels in all but one case, consistent with others [55].

We do not know whether our screening program is cost effective.
Screening all our subjects took two cardiologists (one pediatric
cardiologist), two cardiology fellows, two medicine residents, two
medical students, two ECG and echocardiography technologists, and
two coordinating staff members 8 hours on site at the schools and
necessitated use of two portable echocardiography and two ECG
machines and eight tables and chairs. Most of our staff were volunteers,
and the equipment was loaned, so costs were nominal. It would be
possible to have fewer staff involved, but screening time would
increase. In addition, while the HEARTS screening in this population
did detect abnormalities and led to correction of some conditions
associated with SCD, a definitive diagnosis by complete follow up was
not possible for many of the children. It is likely that the low
socioeconomic status of the screened population contributed to

difficulties in follow up as well as relocation of some of the children.
We did attempt to ascertain location of patients who had relocated
from the school nurse but in many cases this information was not
available.

Despite these possible shortcomings, our study demonstrated the
feasibility and efficacy of administering our 15-minute standardized
onsite four-point screening test to sixth-grade children to identify
cardiac abnormalities. We were able to reclassifying as normal most of
the subjects with abnormal ECG findings. These preliminary data
suggest that many sixth-grade athletic and non-athletic children have
cardiac abnormalities. Others have confirmed that a community-based
ECHO in athletes is feasible and is associated with a high rate of
technically adequate imaging [56]. On the basis of our encouraging
results, the Texas state legislature is considering mandating that
insurance companies reimburse for such preparticipation screening for
all schoolchildren [57]. We are examining the feasibility of extending
this program to other parts of the United States. However, cost issues at
this time render. Further research needs to be conducted into better
screening methods that are cost-effective so that early identification of
high-risk persons may help prevent SCD. Importantly, screening
methods not only need to be sensitive, but also limit the number of
false-positives (unnecessary workup) and false-negatives (missed
cases). A screening program must be able to distinguish normal
physiological athlete variants from abnormal pathology, otherwise
many unnecessary and costly additional procedures will occur [6]. It
may turn out that a combination of genetic testing as well as phenotype
testing (physical examination, ECG, ECHO) may be the best approach
to identify these at-risk persons [58].

Conclusion
Cardiovascular screening of athletes should detect underlying

cardiac disease associated with sudden cardiac death and thus allow
physicians to manage and minimize athletes risk via medical/surgical
management and activity proscription.

A new upgraded screening approach, which adds an ECG and
limited echocardiogram to the existing history and physical
examination appears to better identify those young children with
underlying cardiovascular conditions that puts them at higher risk of
sudden cardiac death. Unfortunately, the current recommendations for
preparticipation screening of cardiovascular diseases by the AHA fail
to identify many of these at risk persons.

There are pros and cons to an advanced screening approach like
HEARTS. The pros are that there is a window of opportunity to save a
life if an ‘at risk’ individual is identified early on prevent further deaths
of athletes, and that technology exists that may help identify those at
risk before the SCD event. The cons are that the cost to screen a large
population is very high; also, the extra costs of workup for those who
may have a false-positive screen (normal variant) and the emotional
costs of being restricted from a team competition may exceed the
benefits. We encourage further physician/provider education and
research on improved screening of this young population, and hope for
a cost effective solution in the future that will save young lives.
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