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High-Risk Cardiovascular
Conditions in Sports-
Related Sudden Death:

Prevalence in 5,169 Schoolchildren Screened via
Cardiac Magnetic Resonance

Improving preparticipation screening of candidates for sports necessitates establishing the
prevalence of high-risk cardiovascular conditions (hr-CVC) that predispose young people
to sudden cardiac death (SCD). Our accurate, novel protocol chiefly involved the use of
cardiac magnetic resonance (CMR) to estimate this prevalence.

Middle and high school students from a general United States population were screened
by means of questionnaires, resting electrocardiograms, and CMR to determine the prev-
alence of 3 types of hr-CV/C: electrocardiographic abnormalities, cardiomyopathies, and
anomalous coronary artery origin from the opposite sinus with intramural coronary course
(ACAOS-IM). We examined the range of normal left ventricular size and function in the
main study cohort (schoolchildren 11-14 yr old). We defined diagnostic criteria for h-CVC
and compared the cardiac measurements of these younger participants with those of
older children whom we examined (age, 15-18 yr).

From 5,169 completed diagnostic studies (mean participant age, 13.06 + 1.78 yr), CMR
results revealed 76 previously undiagnosed cases of hr-CVC (1.47% of the total cohort):
11 of dilated cardiomyopathy (14.5%), 3 of nonobstructive hypertrophic cardiomyopathy
(3.9%), 23 ACAOS-IM cases (30.3%, 6 left-ACAOS and 17 right-ACAOS), 4 Wolff-Par-
kinson-White patterns (5.3%), 34 prolonged QT intervals (44.7%), and 1 Brugada pattern
(1.3%). Cardiomyopathies were significantly more prevalent in the older children. Of note,
we identified 959 cases (18.5%) of left ventricular noncompaction.

If our estimate is accurate, only 1.47% of school-age sports participants will need fo-
cused secondary evaluations; the rest can probably be reassured about their cardiac health
after one 30-minute screening study. (Tex Heart Inst J 2018;45(4):205-13)

edical explanations for unexpected deaths of athletes during sports train-

ing or competition have not yet been adequately supported by objective

evidence."* The incidence, causes, and mechanisms of these sudden cardiac
deaths (SCDs) are imprecisely understood. Published estimates lead to the assumption
that structural heart disease underlies 84% of SCD cases in early adulthood, 44%
of which are attributable to hypertrophic cardiomyopathy (HCM)."'*"* However, no
population-based, comprehensive surveys of SCD in the young have been performed
to account for the important predisposing factors and events that occur in a cohort of
adequate size and with known risk factors.

On the basis of limited data, promulgated guidelines state that medical history
and physical examination are the only cost-effective methods of screening candidates
for athletic competition or military service.*">'* Many experts agree, however, that
these methods capture no more than 5% of the high-risk cardiovascular conditions
(hr-CVC) that can cause SCD.*"? Because current knowledge is inadequate, the first
manifestation of an existing h-CVC is frequently sudden death on the field, with the
attendant dismal outcomes of improvised resuscitation efforts (usually associated with
a mortality rate of 85%-95%).%"”

To characterize and minimize SCD in the young, it is necessary to perform accu-
rate, prospective screening studies of populations entering the sports arena; evaluate

Funding for this study—known at our institution as the Screen to Prevent (S2P) study—was gener-
ously supplied by the Kinder Foundation, the Brown Foundation in Houston, and the Texas Heart
Institute’s general funds.
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the incidence and causes of SCD (during cardiovascu-
lar autopsy) in defined youthful populations; promote
cost-efficient studies of available preventive measures;
perform longitudinal studies of phenotypic manifesta-
tions of genetic causes of SCD, especially cardiomyopa-
thies; and conduct appropriate pathophysiologic studies
of mechanisms of SCD during athletic competition.**
Our study was designed primarily to determine the
prevalence of hr-CVC in schoolchildren 11 to 18 years
old, and to compare the prevalence in large groups of
younger (11-14 yr) versus older (15-18 yr) children. We
also compared our findings with prevalence estimated
from history and physical examination and with electro-
cardiographic (ECG) or echocardiographic data in the
medical literature. We hoped to develop a new paradigm
for effective primary screening and secondary diagnos-
tic evaluations to minimize SCD in athletes, military
recruits, and others involved in strenuous exercise.

Patients and Methods

This study was approved by our Institutional Review
Board (IRB). We used a focused questionnaire, a rest-
ing ECG, and cardiac magnetic resonance (CMR) for
cardiovascular screening in a large cohort of unselected
schoolchildren.*'® Participation was voluntary and of no
cost to the participants. Parental consent was required,
as was the independent assent of participants younger
than 18 years of age. Enrollment in middle or high
school was the sole inclusion criterion.

We initially studied middle-school children in Harris
County (Houston), Texas (age range, 11-14 yr) and later
included those in high school (age range, 15-18 yr). Ap-
proximately 17,000 invitations were sent through local
communication channels, and 5,642 volunteer partici-
pants responded (~33%). Of these, the 5,169 who com-
pleted screening from December 2010 through January
2017 (4,310 younger children and 859 older children)
composed our net study sample (Table I).

TABLE I. Demographic Characteristics of the Study

Population
Female, Male, Percentage
n=2,274 n=2,895 Total (%) of County
Race (44%) (56%) N=5,169 Population*
Asian 262 264 526 (10.2) 7
Black 552 633 1,185 (22.9) 18.5
Hispanic 468 512 980 (19) 41.8
White 655 992 1,647 (31.9) 314
Other** 337 494 831 (16.1) 1.3

*Census Bureau data for 2015: Harris County profile. Available
from http://www.txcip.org.
**American Indian, Hawaiian, Pacific Islander, or multiracial
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When school was in session, screening was performed
on school campuses. During school holidays, screening
was provided at a location central to participants in the
Houston area. Approximately one third of the partici-
pants enrolled and were screened during these holidays.

Screening

Participants and their family members completed a self-
reported cardiovascular questionnaire that focused on
personal and family history of h-CVC, sudden cardiac
arrest or SCD, dyspnea, angina pectoris, and syncope.
Physical examination was limited to height, weight, and
blood pressure measurements. A resting 16-lead ECG,
obtained with use of a PageWriter TC70 cardiograph
(Koninklijke Philips N.V.), underwent automatic com-
puterized interpretation with use of the TraceMasterVue
ECG Management System (Philips). An in-house elec-
trophysiologist (AL) then confirmed or edited the results
in accordance with established diagnostic criteria.'*"*"

All participants underwent cardiac-gated magnetic
resonance imaging, without sedation or contrast agents,
in a mobile Achieva 1.5T scanner (Philips); a 32-element
surface coil was used for signal reception. Multiple-axis
images were obtained in a steady-state free precession se-
quence. The subsequent screening protocol had 2 major
components: evaluation of left ventricular (LV) struc-
ture and function with use of cine CMR, and evalua-
tion of coronary artery origins and proximal courses.

The screening data were systematically reviewed by
the electrophysiologist and 2 cardiac radiologists (BYC
and VVLDR) and were evaluated for conclusive diag-
nosis by experienced cardiologists (PA and JTW) to
determine whether the data were within normal limits
or indicated probable hr-CVC warranting secondary
evaluation.

For selective, quantitative evaluation of CMR images,
contouring was performed in accordance with Society
for Cardiovascular Magnetic Resonance guidelines for
standardized image interpretation and postprocessing.”
The primary reader (CU) used cmr#?® image-process-
ing software (Circle Cardiovascular Imaging Inc.) under
the supervision of the cardiac radiologists.

Criteria for Identifying High-Risk Conditions
We used 3 established categories of diagnostic results
to justify referral of participants to secondary cardiac
specialists for evaluation of potential hr-CVC:
1) History markers: effort-related chest pain, syncope,
or sudden cardiac arrest or SCD during exertion
(in the children and firse-degree family members).
2) ECG findings: >2nd-degree atrioventricular block,
Wolff-Parkinson-White patterns, arrhythmogenic
right ventricular cardiomyopathy patterns, Bruga-
da patterns, ventricular fibrillation or tachycardia,
incessant ventricular tachycardia, or prolonged QT

interval (QTc) (we considered a QTc of 470—489
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ms to be abnormal and a QTc >490 ms to be se-
vere). Expert opinion was sought in all suspected
cases of prolonged QTc. Children who had right
or left bundle branch block or ventricular hypertro-
phy identified only by ECG voltage and who had
normal CMR findings did not undergo further
evaluation.

3) CMR findings: anomalous coronary arteries origi-
nating from an opposite sinus of Valsalva or with a
high origin (ACAOS) and LV cardiomyopathies.

The ventricular image stack was analyzed by demar-
cating the endocardial and epicardial borders. Cross-ref-
erencing the ventricular short-axis images with long-axis
images and observing wall motion in a cine fashion fa-
cilitated accurate determination of the atrioventricular
and semilunar valve planes. Trabeculae and papillary
muscles were excluded from LV mass calculation and
were included in the blood pool. The epicardial and en-
docardial contours were drawn on the short-axis slices at
end-diastole and end-systole; the contour slices covered
the entire ventricle from apex to base.”

Coronary Anomalies. The term ACAOS, which refers
to any ectopic origin of a coronary artery, succinctly
describes an entity with many forms and adverse func-
tional effects. The prefixes R- (right) and L- (left) in-
dicate the coronary artery involved (Fig. 1). The suffix
-IM specifies intramural course (inside the aortic tunica
media), the only form associated with stenosis or isch-
emia. Other known forms—prepulmonic, intraseptal,

Fig. 1 Anomalous coronary artery originates from the opposite
sinus with intramural coronary course (R-ACAOS-IM). Tomo-
graphic section at the upper level of the aortic valve shows the
right coronary artery (RCA) originating to the left of the anterior
commissure (COMM), from the left sinus of Valsalva, next to the
left coronary artery. OST = ostium

23,24

and retro-aortic—are generally benign®?** and were ex-

cluded from our hr-CVC totals.

We identified ACAOS by finding the artery’s loca-
tion in the aortic root with respect to the closest aortic
valve commissure. High coronary ostium was defined
as any ostial position >5 mm above the sinotubular
junction. We obtained a cross-sectional proximal view
of the ACAOS-IM and determined the degree of possi-
bly significant arterial compression (arteries whose max-
imum inner diameter exceeded the minimum diameter
by a ratio >2:1).

Cardiomyopathies. Evaluations of LV structure and
function (Fig. 2) were performed on the basis of the
cardiac radiologists’ qualitative impressions from the
screening CMRs. Initial diagnosis of HCM was made
after visual determination of an LV wall thickness >1.2
to 1.5 cm at any site, in longitudinal sections. Initial
diagnosis of dilated cardiomyopathy (DCM) was made
after visual characterization of LV function (LV ejection
fraction [LVEF], <0.40—-0.45) and size measurements
made by the 3 radiology readers when they identified
children whose LV dimensions—LV mass indexed to
body surface area, myocardial wall thickness, LVEF,
and LV end-systolic and end-diastolic volumes—devi-
ated by more than one SD from the mean values of

children without h-CVC (Supplemental Table ).

&
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Fig. 2 Magnetic resonance image (2-chamber view) of mild
dilated cardiomyopathy with noncompaction left ventricle (LV)
shows the LV during end-diastole. Note the typical structural
changes of the thinned compact layer at the level of noncompac-
tion architecture (“thinned compact”) in comparison with the
normal LV segment (“normal compact”). This individual has
morphologic signs of noncompaction for 50% of the LV circum-
ference (indicated by a line in the accompanying motion image).

Trabec = trabeculations

Supplemental motion image is available for Figure 2.
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Statistical Analysis

Means and percentages for the participants’ baseline
characteristics were computed. Prevalence of each high-
risk condition was calculated by dividing the number
of affected children by 5,169 (cohort total), and 95%
ClIs were computed. Associations of symptoms and
ECG abnormalities with demographic characteristics
and with CMR findings of hr-CVC were evaluated
with use of the Fisher exact test; # tests were used to
compare means. Fisher exact tests were used to compare
the prevalence of ACAOS, cardiomyopathies, and non-
compaction LV (NCLV) between age groups (11-14 vs
15-18 yr), by sex, and by race. Analyses were performed
by using STATA® version 15.0 (StataCorp LLC). 2 <0.05
was considered statistically significant.

Results

The initial cohort of 5,642 adequately represented both
sexes and area racial demographics, although the rate of
participation by Hispanic children was slightly below
what one would expect for the region (Table I). The
completion rate was 91.6%. The chief reasons for non-
completion were declined assent and refusal of CMR
(n=213; 3.77% of initial volunteers). Safety precautions
related to metal implants, piercings, and tattoos ex-

cluded 72 children (1.27%) from CMR. Discomfort,
excessive movement, or claustrophobia accounted for
78 incomplete cases (1.38%). We excluded from further
study 4 children who had been treated for known car-
diac conditions and 8 others in whom motion artifacts
precluded image interpretation. Another 24 partici-
pants were excluded because their body habitus, their
low heart rate, or equipment failure made their imaging
data unusable. Finally, 74 participants were excluded
because they were outside the targeted age range for the
current analysis: 36 were 10 years old, and 38 were >18
years old. The resultant study sample comprised 5,169
children with completed, diagnostic-quality screen-
ing studies (Table II). Most were 11 to 14 years old;
859 (16.6%) were 15 to 18 years old. Screening-system
availability was 99.77%; the 0.23% downtime was due
to equipment problems. No child reported substantial
negative clinical consequences from CMR.

Exercise Habits

Of children who reported their exercise habits (n=3,531;
68.3% of total cohort), most (n=2,012; 57%) exercised
longer than 6 hours per week. The others reported
weekly exercise of 3 to 6 hours (n=864; 24.5%) or 0 to
3 hours (n=655; 18.5%). Exercise time was quantified as
time spent running or doing equivalent exercise.

TABLE Il. Prevalence of Potentially High-Risk Cardiovascular Conditions

Study Population (N=5,169)

11-14 Years (%) 15-18 Years (%)

Variable No. Percentage (95% Cl) (n=4,310) (n=859)
Total hr-CVC 76 1.47 (1.16-1.84) 62 (1.44) 14 (1.63)
hr-ACAOS 23 0.44 (0.28-0.67) 20 (0.46) 3(0.35)

L-ACAQOS-IM 6 0.12 (0.04-0.25) 6(0.14) 0
RSV 2 0.04 (0.01-0.1) — —
NCS 2 0.04 (0.01-0.1) — —
High origin 2 0.04 (0.01-0.1) — —
R-ACAOS 17 0.33(0.19-0.53) 14(0.32) 31(0.35)
hr-CMP 14 0.27 (0.15-0.45) 6(0.14) 81(0.93)
DCM 1 0.21 (0.11-0.38) 5(0.12) 6(0.7)
HCM 3 0.06 (0.01-0.17) 1(0.02) 2(0.23)
ECG hr-CVC 39 0.75(0.54-1.03) 36 (0.84) 3(0.35)
Brugada 1 0.02 (0-0.11) 0 1(0.12)
WPW 4 0.08(0.02-0.2) 4(0.09) 0
QTc >470 ms 34 0.66 (0.46-0.92) 32 (0.74) 2(0.23)
NCLV 959 18.55 (17.5-19.64) 810 (18.79) 149 (17.35)

ACAQS = anomalous origin of coronary artery from the opposite sinus of Valsalva; CMP = cardiomyopathy; CVC = cardiovascular
condition; DCM = dilated cardiomyopathy; ECG = electrocardiographic; HCM = hypertrophic cardiomyopathy; hr = high-risk;
L-ACAOS-IM = left ACAOS from the right sinus with intramural course; NCLV = noncompaction left ventricle; NCS = noncoronary
sinus; R-ACAQS = right ACAOS; RSV = right sinus of Valsalva; WPW = Wolff-Parkinson-White
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High-Risk Cardiovascular Conditions

In our continuous series of 5,169 children 11 to 18 years
of age, we found probable hr-CVC in 76 (1.47%) (Table
10).

Symptoms

In our study sample, 926 questionnaire respondents
reported symptoms: shortness of breath with exercise
(572), chest pain (493), syncope at rest (99), and syn-
cope with exercise (80); some reported more than one
symptom. The rate of reported symptoms did not dif-
fer significantly between children identified as having
hr-CVC (16 of 76; 21.1%) and those without he-CVC
(926 of 5,093; 18.2%) (P=0.55). Dyspnea upon exertion
was reported by 569 of 5,158 children without DCM
(11%) and by 3 of 11 who had DCM (27%) (P=0.11).

Electrocardiographic Anomalies

Potential hr-CVC was associated with the following
ECG findings: Wolff-Parkinson-White pattern (in 4),
Brugada type 1 pattern (in 1), and prolonged QTc >470
ms (in 34). Seven children had a QTc >490 ms, which
typically indicates disqualification from sports par-
ticipation.” No child with a prolonged QTc reported
syncope or had a history of cardiac arrest. More than
twice as many boys than girls had a QTc 2470 ms: 26
of 2,895 (0.9%) vs 8 of 2,274 (0.35%) (P=0.02). The
prevalence of prolonged QTc did not differ significantly
by race: Asian, 5 of 526 (0.95%); white, 14 of 1,647
(0.85%); Hispanic, 3 of 980 (0.31%); black, 7 of 1,185
(0.59%); and other, 5 of 831 (0.6%) (P=0.43).

Ventricular hypertrophy, identified only by voltage
criteria (not strain pattern), was frequent (13.8%), as
was early repolarization (14.7%) (Supplemental Table
I1). Neither ECG anomaly was found in the children
who had structural hr--CVC.

All children whose CMR results suggested structural
hr-CVC had a prevalence of mild ECG abnormalities
similar to those without hi-CVC. No child had left
bundle branch block or an arrhythmogenic right ven-
tricular cardiomyopathy pattern. Right bundle branch
block was found in 6 children, all of whom had normal
CMR findings.

Anomalous Coronary Arteries
With use of CMR, ACAOS-IM was diagnosed in 23
of 5,169 children (0.44%): 6 had L-ACAOS-IM and
17 had R-ACAOS-IM (Fig. 1 and Table II). The type
of ACAOS could be established in these cases; how-
ever, the severity of intramural stenosis could not be
determined solely by using CMR. The potential L-
ACAOS-IM cases were 2 instances each of intramural
aortic origin from the right sinus of Valsalva, from the
noncoronary sinus, and from a high origin (Table II).
Six children had anomalous origin of the left circum-
flex coronary artery from the right sinus of Valsalva

Texas Heart Institute Journal

with retro-aortic course. We suspected it in 7 others in
whom this artery was not visible, but these cases could
not be confirmed because of limitations on the height
of the aortic root segment (3 cm) that the screening
CMR program could evaluate. More boys and black
children had ACAOS, but too few to determine statis-
tical significance. We found no prepulmonic or retro-
cardiac L-ACAOS (benign variants). Adequate CMR
views of the 3 main coronary arteries were obtained in
all participants except for the 7 with suspected retro-
aortic L-ACAOS (99.6% accuracy for magnetic reso-
nance angiography in 15,729 coronary arteries).

Cardiomyopathies

Three children had nonobstructive HCM, and 11 were
diagnosed to have DCM in accordance with the LV
end-diastolic volume and LVEF criteria. The older chil-
dren had significantly more cardiomyopathies (0.14%
vs 0.93%; P=0.001), particularly DCM (0.12% vs
0.7%, P=0.004).

When we unexpectedly found numerous cases of
NCLV during the study, we began using the Petersen cri-
terion (noncompaction:compaction [NC:C] ratio >2.3)*
retrospectively and prospectively to identify NCLV
quantitatively (Table II). We thus diagnosed 959 chil-
dren (18.55%) to have NCLV. In a series of normal hearts
studied with use of short-axis slices, we found normal
LVEF in 90.1% of them and mildly diminished LVEF
in the rest (Supplemental Table I1I). Minimal compact
myocardial thickness averaged 2.6 £ 1 mm in NCLV
segments versus 7 + 1 mm in unaffected segments in
the same children (difference, 4.4 mm; P <0.0001).

In a random sample of 1,439 children with normal
hearts, the average LV wall thickness was 7.25 + 1 mm
(P <0.0001) in comparison with those who had NCLV
at NC segments. Children with NCLV did not differ
significantly from those without NCLV with regard to
the prevalence of reported symptoms (18.5% vs 17.8%;
P=0.58) and non—hr-CVC ECG abnormalities (21.1%
vs 18.8%; P=0.11). In the absence of definitive guide-
lines, asymptomatic children with NCLV and LVEF
>0.40 were assumed to be allowed participation in
sports; however, we recommended repeat evaluation
annually and a follow-up CMR study at age 18 to 20
years. In adherence to IRB restrictions, we gave only
reports of the screening findings—not certifications for
sports participation.

We report our incidental CMR findings of non—hr-
CVC in Supplemental Table IV.

Interobserver Variance

The cardiac radiologists agreed in 197 of the 203 cases
that were subjected to double-blinded reading. The other
6 involved the severity of cardiomyopathy. Qualitative
diagnosis (mild vs normal) required initially unavailable
quantitative normal ranges from comparable cohorts.

High-Risk Cardiovascular Conditions in Sports-Related Sudden Death 209
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Eventually, the evaluartors and reviewer concluded that
none of the 6 disputed instances were hr-CVC.

Discussion

Reported causes of SCD in athletes have varied, especial-
ly because of differing diagnostic criteria and unknown
baseline population risks of h-CVC."****” Normal val-
ues for adult and pediatric heart measurements by CMR
have been suggested,®” and a report about the general
accuracy of CMR for screening athletes' was encourag-
ing. Conversely, echocardiography performed poorly in
identifying coronary anomalies and NCLV in 2 studies
of more than 2,000 students,*®* and computed tomo-
graphic angiography is impractical for screening children
because of cost, ionizing radiation, discomfort, and the
need for intravenous contrast agents.

An understanding of baseline risks in athletes and
military recruits is needed to justify routine popula-
tion screening and interventions to prevent SCD. In
sports-related SCD, death risk can probably be objec-
tively established only by comparing the prevalence of
hr-CVC in a general population at risk (like that in the
current study) with the number of sports-related SCDs
in a similar out-of-hospital SCD population. A similar
comparison of persons with known L-ACAOS-IM (in
autopsy data obtained from U.S. military recruits®)
showed that the SCD risk associated with this condi-
tion was approximately 194 times that in the control
population without L-ACAOS-IM.

Experts have long debated whether exercise acceler-
ates the development of cardiomyopathy in persons
with a congenital predisposition to it. This possibility
might be supported by the high reported incidence of
cardiomyopathies, especially hypertrophic, in persons
older than our current study population, at the age of
peak SCD incidence (approximately 18—19 yr).**92

Relevance of Our Findings

The 1.47% prevalence of hr-CVC that we report, ob-
tained with use of the most accurate screening meth-
ods currently available (ECG and CMR) from a large,
unselected general population, can be compared only
with a tentative estimate of 0.1% in the 2007 American
Heart Association guidelines.” Prolonged QTc (=470
ms)* was the hr-CVC most frequently observed in our
population, comprising 44.7% of hr-CVC cases—a
finding that may help to explain the high frequency of
normal autopsy findings in cases of SCD in athletes.
Prevalence of R-ACAOS-IM (0.33%) and L-ACAOS-
IM (0.12%) is first and reliably established in the
current large population study. Our findings can be
preliminarily compared with similar estimates derived
from pathology data or clinical series; however, these

data sources often have a pre-test bias. Both R- and L-
ACAOS can be reliably identified by using CMR. Sec-
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ondary, refined individual analysis should be done to
determine the need for any intervention or disqualifica-
tion from sports.”** Our findings suggest that if QTc of
470 to 489 ms were excluded from the h-CVC category
so that only QTc 2490 ms was considered an hr-CVC,»
this longer QTc would be the second most prevalent hr-
CVC after ACAOS-IM (Supplemental Table V).

Data used to evaluate cardiomyopathy-related risk in
athletes should include measures of exercise intensity
(in training and competition) and quantitative LV mass
index and volume data.”" However, the relevant lit-
erature suggests that the phenotypic manifestations of
genetic HCM develop in early to middle adolescence
and that they worsen with age and possibly with athletic
training, making the cause of hypertrophy (genetic vs
acquired athlete’s heart) an important consideration in
preparticipation screening and counseling. Currently,
we have too few data from older adolescents to yield
definitive findings regarding HCM, but we plan to
pursue this issue.

Coronary Artery Anomalies

In ACAOS,»* athletic exercise can affect intramural
lateral compression of a coronary artery inside the aortic
tunica media: acute and chronic exercise-related aortic
root dilation and increased stroke volume*** exacerbate
narrowing of the coronary cross-sectional area during
periods of increased demand. Long-term prognosis in
ACAOS-IM might depend on the variable phenom-
enon of aortic root expansion that has been reported
in athletes.”

Electrocardiographic Detection of

High-Risk Conditions

Questions persist about which cutoff for prolonged QTc
better indicates high risk of SCD, especially given the
reportedly high prevalence of QTc 2470 ms (0.59%).">*
In our cohort, the prevalence of QTc 2490 ms was low
(0.14%). We found no cases of arrhythmogenic right
ventricular cardiomyopathy in these children on ECG
or CMR. This entity is typically found in specific pop-
ulations (for example, regions in Italy),”* suggesting a
relationship with local genetic or environmental influ-
ences that are apparently not present in our geographic
region.

Noncompaction Left Ventricle

The observed prevalence of NCLV in our cohort (18.6%)
is substantially higher than that in previous echocardio-
graphic®¥ and even CMR-based* population screen-
ing studies. The largest previous CMR-based study was
part of the Multi-Ethnic Study in the MESA trial, in
which NCLV—identified by the criterion of more than
2 of 17 hypertrabecular LV segments—was observed in
6% of adults; however, clinical history of cardiac disease
was an exclusion criterion.>**
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Noncompaction left ventricle is considered to be a
myocardial structural anomaly of unclear and variable
clinical severity and prognosis. We found a significantly
higher incidence of DCM (but not of NCLV) in chil-
dren 15 years of age or older than that in the younger
children, possibly indicating the progressive nature of
DCM in general and in individuals with NCLV.

Symptoms

In our study, the reported incidence of dyspnea, chest
pain, and syncopal episodes was similar in children with
and without hr-CVC (21.1% vs 18.2%; P=0.55), and
these symptoms did not identify individual coronary
artery anomalies or NCLV. Nevertheless, in the evalu-
ation of individual carriers of h-CVC, symptom char-
acterization is often important in establishing severity,
and the results may be used to indicate studies beyond
screening. Physical examination was limited to measur-
ing weight, height, and blood pressure and was noncon-
tributory to hi-CVC diagnosis. The potential usefulness
of an additional physical examination of limb pulses
and heart murmurs was not evaluated; however, these
and especially aortic coarctation would be evaluated ad-
equately during CMR screening,

Study Limitations

Participation in this screening study was voluntary, so
our findings are potentially subject to psychological, so-
cial, and economic pre-testing biases. For example, it is
likely that children who were involved in sports or had
suspicious symptoms were overrepresented in our co-
hort. Because our study involved only the first steps in
screening, we acknowledge the need for follow-up clini-
cal evaluations of potential hr-CVC that we identified.
In addition, diagnoses of severity should be reevaluated
periodically, because hr-CVC and especially cardiomy-
opathies can evolve over time.”

Despite the aforementioned limitations, CMR-based
screening has the great advantage of accuracy. The small
group carrying possible h--CVC (approximately 1.5% of
the study population) will still need secondary clinical
evaluation that focuses on each child’s potential issue.
Our data suggest that fewer than half of the children
with positive findings will need either intervention or
disqualification from sports. This is an improvement
over screening solely on the basis of symptoms and ECG
abnormalities, because their high prevalence in our co-
hort suggests that they have little value in predicting
structural hi-CVC.

To minimize time spent testing students, we chose
not to perform detailed physical examinations. In ad-
dition, the chest CMR would have detected most of
the relevant potential clinical findings from a physical
examination.

Results of a preliminary analysis of these data were
published previously.” The inclusion and exclusion cri-
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teria were refined for the purpose of the present analy-
ses, resulting in some differences in the data reported.
However, the differences are small, and the conclusions
remain the same: the number of participants with hr-
CVCiis still low, and the number with NCLV remains
high.

Implications for Broader Application

of CMR Screening

Our results suggest the worth of selective, routine screen-
ing of populations that are at high risk because of their
profession (such as soldiers in basic training) or sports
participation from middle school through professional
levels.® Relative to the current standard of care—medi-
cal history and physical examination—this screening
method should be a safe, comfortable, and potentially
cost-effective way to establish accurate diagnoses. Any
proposed change to the current standard of care would
have to be validated by a prospective, longitudinal multi-
center study, including related changes in the incidence
of SCD, by comparing the CMR and standard screen-
ing methods.

Crucial questions include the cost of the program’
and the savings achievable through a reliable screen-
ing approach that minimizes the referral of individu-
als with false-positive findings and essentially avoids
missed cases (false negatives). In our experience, high
usage of CMR screening facilities (>20 cases/d) might
cost providers as little as $250 per case. On the basis
of our estimate of the prevalence of h--CVC and with
use of our current method, the expected cost of iden-
tifying one case of hr-CVC in a general population of
schoolchildren (the cost of screening divided by the
prevalence, and assuming perfect sensitivity and spec-
ificity”) is approximately $18,750. Individual states
in the U.S., military institutions, school systems, in-
surance companies, and charitable organizations will
probably continue as the principal funding agents for
pilot programs, pending an official change in the cur-
rent standard of care. In addition, if sports and exercise
are to be promoted for good health, reliable screening
should be recognized as a condition of endorsing and
safely engaging in them.

Conclusions

From data collected through ECG and CMR screen-
ing, this study provides the most precise estimate yet
of the prevalence of hr-CVC in a young population.
Electrocardiography inadequately identified structural
hr-CVC but was useful in identifying electrical hr-
CVC, especially prolonged QTec. Preventing SCD is
possible and potentially effective and timely, especially
in athletes and military recruits. In addition, because
our school and health systems promote exercise to pre-
vent disease, this study shows promise in identifying
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young people who are at high risk of life-threatening
consequences from participating in sports.

If our estimate is accurate, only 1.47% of our partici-
pants will need specialized secondary evaluations. The
remaining 98.53% can probably be reassured about
their cardiac health on the basis of a single 30-minute
screening study.
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