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Preventing Sudden 
Cardiac Death in Athletes
In Search of Evidence-Based, Cost-Effective Screening

Sudden cardiac death in athletes is a recurrent phenomenon at sporting events and during 
training. Recent studies have associated sudden cardiac death with such cardiovascular 
conditions as coronary artery anomalies, cardiomyopathies, and electrocardiographic ab-
normalities, most of which are screenable with modern imaging techniques. We recently 
inaugurated the Center for Coronary Artery Anomalies at the Texas Heart Institute, which 
is dedicated to preventing sudden cardiac death in the young and investigating coronary 
artery anomalies. There, we are conducting 2 cross-sectional studies intended to firmly es-
tablish and quantify, in a large group of individuals from a general population, risk factors for 
sudden cardiac death that arise from specific cardiovascular conditions.

In a pilot screening study, we are using a brief, focused clinical questionnaire, electro-
cardiography, and a simplified novel cardiovascular magnetic resonance screening protocol 
in approximately 10,000 unselected 11- to 15-year-old children. Concurrently, we are pro-
spectively studying the prevalence of these same conditions, their severity, and their rela-
tion to exercise and mode of death in approximately 6,500 consecutive necropsy cases 
referred to a large forensic center. Eventually, we hope to use our findings to develop a 
more efficient method of preventing sudden cardiac death in athletes. We believe that 
these studies will help quantify sudden cardiac death risk factors and the relevance of as-
sociated physical activities—crucial information in evaluating the feasibility and affordabil-
ity of cardiovascular magnetic resonance-based screening. We discuss the rationale for 
and methods of this long-term endeavor, in advance of reporting the results. (Tex Heart 
Inst J 2013;40(2):148-55)

I n general, the sudden death of a young athlete is not easily explained by medi-
cal experts.1-3 Although exercise is beneficial to most people as a way to augment 
and maintain health, physical capacity, and longevity, it can increase the risk of 

sudden cardiac death (SCD) in individuals who carry silent cardiac defects.1 In ad-
dition, the well-documented occurrence of SCD during the training of military re-
cruits poses urgent questions.4

	 The recurrent reports of SCD in sporting arenas emphasize the need not only for a 
better understanding of the pathophysiologic mechanisms involved, but for more ef-
fective policies designed to prevent SCD.2,5-7 This is especially true because the mor-
tality rate remains frustratingly high (70%–95%) for both athletes and nonathletes 
who have a sudden cardiac arrest outside the hospital.2,8-11 Currently, the recommend-
ed preparticipation process for schoolchildren in the United States who want to par-
ticipate in sports is facultative and involves an outpatient visit with a non-specialist 
physician or nurse.6,7

	 We describe the rationale for, and the methods of, our new efforts in this field at the 
Texas Heart Institute. Because these investigations are ongoing, no results are avail-
able for reporting at this time.

Background
The prevailing opinion about SCD prevention is summarized in the following state-
ments from the literature:

•	 In 1992, the American Armed Forces Institute of Pathology published a review of 
its institutional forensic experience12 in which appeared the clinical history and the 
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pathologic necropsy findings of 242 patients found to 
have isolated coronary anomalies. The authors con-
cluded that the cause of death was cardiac in 59% of 
these cases and was exercise-related in 44%.

•	 Eckart and colleagues4 reported their 25-year exam-
ination of the causes of SCD in 64 of 6,300,000 re-
cruits (mean age, 18 yr) during 2-month boot-camp 
training periods. Of the 64 SCDs, 36% were asso-
ciated with cardiomyopathies and 33% with coro-
nary anomalies. Incidentally, for the first time in the 
literature, the authors implied (and later confirmed: 
R.E. Eckart, MD, personal communication, 2009) 
that anomalous origin of the left coronary artery from 
the right sinus of Valsalva with an ante-aortic and in-
tramural course was the only lethal coronary artery 
anomaly (CAA) represented in this population. Of 
note, Eckart and colleagues13 later reported a lower 
relative incidence of CAA-related death (8.5% vs 
33%) in a series of military personnel aged 35 years 
or younger, compared with 0.3% in personnel who 
were older than 35 years.

•	 The American College of Cardiology and the Amer-
ican Heart Association’s guidelines for the precerti-
f ication of athletes state that most SCDs in young 
athletes are associated with structural heart disease,7 
which implies that most causes of SCD can be rec-
ognized by screening via cardiovascular magnetic 
resonance (CMR) or other accurate methods. Only 
about 3% of the victims of SCD were believed to 
have structurally normal hearts.7

•	 A report from the Minneapolis Heart Institute14 on 
its extensive and systematic electronic search—con-
ducted mainly in local newspapers during a period 
of about 27 years—concluded that “out of all of the 
U.S. athletes” 12 to 39 years of age, 690 had SCD. Of 
these, 36% of cases were due to hypertrophic cardio-
myopathy (HCM) and 17% to CAAs. Of the culprit 
CAAs, 19% were reported to be myocardial bridges 
(although the mechanism by which bridges caused 
SCD was not described), whereas 54% were instances 
of anomalous left main coronary artery arising from 
the right sinus (with an intramural ante-aortic course, 
presumably), and 13% were instances in which the 
right coronary artery had its origin at the left sinus. 
In 30% of the SCD victims who underwent autop-
sy in this series, no anatomic cause of death could be 
identified. In addition, SCD occurred before the age 
of 17 years in 65% of the group and was exercise-re-
lated in 82% of the reviewed cases.

•	 Recent reviews of studies regarding the accuracy of 
methods for imaging CAA concluded that multislice 
computed tomographic angiography and magnetic 
resonance angiography of the coronary arteries can 
accurately identify almost all CAAs that have an ec-
topic origin and follow an intramural course (that is, 
the ante-aortic, potentially lethal category).15-18 In con-

trast, echocardiography was substantially less precise, 
especially for detecting anomalous right coronary ar-
tery from the opposite sinus (R-ACAOS) in adults, 
among whom the anomaly was found only in about 
10% of the expected (general) population,18-21 as es-
tablished by prevalence data from continuous series of 
patients who had undergone coronary angiography.22

•	 The popularization of coronary angiography during 
the last few decades has inspired several retrospective 
studies of the prevalence of CAAs.22-24 These stud-
ies showed that coronary angiography is an accurate 
method of diagnosing CAAs (for which coronary 
angiography has received its “gold standard” status). 
Prospective, dedicated studies have shown that the 
total prevalence of CAAs identified in the catheter-
ization laboratory is 6%,22 but only 1% of patients 
with CAA were found to have potentially lethal ecto-
pic coronary arteries, which typically feature an intra-
mural, ante-aortic course.25 We should acknowledge 
that persons with these catheterization findings tend 
to be patients in whom significant coronary disease 
is suspected, and not a random sample of the general 
population; this introduces a potentially significant 
bias regarding the applicability of such prevalence 
data to a general population.

•	 Hypertrophic cardiomyopathies, whose tradition-
al definition in adults includes a left ventricular (LV) 
wall (either free wall or ventricular septum) thickness 
greater than 1.5 cm,18,26-28 are considered to be present 
in 0.2% of the general population.26,27 If we were to 
include in this category HCM associated with a wall 
thickness of 1.2 through 1.5 cm (a condition called 
borderline cardiomyopathy, because the upper limit 
of the normal range of ventricular thickness is consid-
ered to be 1.1 cm),26 the prevalence of HCM would 
be approximately 0.5% of the general population. In 
2003 and 2006, important pediatric age data were 
published regarding the assumed prevalence of dilative 
cardiomyopathy; these data had been drawn from pa-
tients referred to local pediatric cardiology centers for 
symptoms of heart failure.29,30 The reported incidence 
of “new cases” of dilative cardiomyopathy in persons 
0 to 18 years of age was reported in terms of num-
ber per year in an assumed population of 100,000. 
	 The generic definition of HCM in pediatric pop-
ulations used to be expressed in terms of a wall thick-
ness “2 standard deviations above the normal mean for 
age, or body mass area.”29,30 In our own CMR study 
of children 11 to 15 years of age, the specific ranges of 
normal wall thickness or mass have not yet been es-
tablished—this is a fundamental aim of our endeav-
or. One of our objectives is to report the prevalence 
of anatomically defined cardiomyopathies in a gener-
al population (starting with the assumption that the 
guideline of 2 standard deviations above the mean ap-
plies also to our clinical study of the risk of SCD in 
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HCM). We also want to compare the SCD rate in 
young athletes with that in sedentary young individ-
uals (that is, persons aged 12–35 yr, a commonly used 
age grouping1,6). For dilative cardiomyopathies, as for 
HCM, the prevalence is probably also about 0.5%, if 
myocarditis-related cases are included.3,4,13,14 We expect 
to be able to validate also the cardiac magnetic reso-
nance data by comparing them with normal ranges of 
LV anatomy derived from autopsy data (from people 
who died of noncardiac causes at the same age).

•	 Pre-excitation syndromes, channelopathies, and right 
ventricular dysplasia—potentially recognizable at 
routine electrocardiographic (ECG) screening—are 
probably present in about 0.3% of the general pop-
ulation.31-33

	 Therefore, at present, it is probably reasonable to as-
sume that 2% to 3% of the general population has 
cardiovascular conditions (mainly CAA, cardiomyop-
athies, and channelopathies) that seem to pose a high 
risk to competitive sportspersons. Considering that the 
young population constitutes approximately 28% of the 
total United States population, or about 90 million, the 
2% to 3% would correspond to about 2 million peo-
ple. If we consider only the estimated 1.5 to 10 million 
“young athletes” in the U.S. (usually defined as “reg-
ular runners”) in any given year, 30,000 to 300,000 
of them would be expected to carry high-risk cardio-
vascular conditions (hr-CVCs). Preliminary estimates 
suggest that 0.1 to 0.6 per 100,000 young people die 
suddenly of cardiac causes each year, whereas 2 to 7 per 
100,000 U.S. athletes die in that manner.1,3,7,10,34

	 All such estimates are preliminary, mainly because of 
the methodological limitations of the currently avail-
able studies. All of the studies that label CAAs as hr-
CVCs lack a clear, specif ic def inition that explains 
which individual coronary anomalies are capable of 
causing SCD.35-37 In 2007, we proposed that the acro-
nym ACAOS (anomalous coronary artery origin from 
the opposite sinus, with an intramural course) be used 
to refer to types of CAA that have a clear mechanism of 
ostial obstruction and, hence, a potential to cause myo-
cardial ischemia and possibly SCD.25 Extremely rare 
conditions capable of causing SCD, such as ostial cor-
onary congenital stenosis or atresia and clotting or rup-
ture of a coronary fistula (but not all cases of coronary 
f istula), would also be considered potential causes of 
SCD. These disorders can be excluded from analysis in 
our current population-based studies, because they are 
too rare: they occur in less than 1 in 100,000 persons 
in the general population.37 In contrast, tunneled cor-
onary arteries or myocardial bridges are a typical con-
founding entity that established guidelines frequently 
include in the list of causes of SCD in athletes.7,31 Al-
though myocardial bridges are known to alter the cor-
onary blood flow pattern, only exceptional myocardial 

bridges—probably those accompanied by severe spastic-
ity or clot-complicated occlusions—have recently come 
to be considered as possible causes of severe ischemia, 
infarction, and SCD.38

	 Using autopsy results to study the incidence of SCD 
due to CAA can also be problematic. A typical ques-
tion in such a scenario is this: Does the mere presence 
of a CAA in a patient who dies suddenly constitute suf-
ficient evidence for one to conclude that the SCD was 
due to the CAA? For example, approximately 1% of the 
general worldwide population seems to be born with 
ACAOS. In the autopsy of carriers of ACAOS, if all 
deaths without another plausible cause were attributed 
to ACAOS, the mortality rate for this condition would 
be overestimated. “Premature” CAA-related death re-
mains a poorly supported notion that the relationship 
between SCD and exercise explains only in part.38,39

	 Investigators have long struggled with the issue of sub-
classifying individual cases of ACAOS by their severity, 
but no widely accepted consensus is available.24 To date, 
neither anatomic description of severity nor the f ind-
ing of myocardial scarring in the dependent territory 
has resulted in meaningful markers of clinical severity 
(or likely causes of SCD).38,39 The fundamental issues of 
“numerator” (the prevalence of SCD in young carriers of 
high-risk conditions) and “denominator” (the prevalence 
of hr-CVC in a general population that either survives 
to age 35 or dies of noncardiac causes) have come to be 
viewed as the critical points (Fig. 1) in the debate about 
what constitutes “high risk” and about the need for and 
value of screening (cost-efficiency and affordability).
	 In order to properly evaluate the risk associated with 
pre-existing conditions in a young population, it seems 
appropriate to f irst describe several factors in an un-
selected sample from the general population (Table I). 
The following values should be among those collected:

•	 The general prevalence (number of carriers) of each 
type of hr-CVC;

•	 The severity of each condition, in individual cases. 
For example, adult cases of HCM can be classif ied 
as those with a wall thickness of 1.2 to 1.5 (border-
line HCM) versus more than 1.5 cm (HCM). In our 
population, we will adopt the newly discovered nor-
mal range (mean plus double the SD) among chil-
dren 11 to 15 years of age;

•	 The nature and intensity of the precipitating factors 
(for example, exercise load, competitive setting, de-
hydration, or evidence of heat stroke); and

•	 The incidence of SCD in the presence and absence of 
hr-CVC, as determined by a general-population nec-
ropsy survey (Table I and Fig. 1).

Problems with the Status Quo
In a 2007 review,6 Glover and colleagues reiterated their 
conclusion that SCD “in young trained athletes is a trag-
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ic but ultimately low event-rate phenomenon, unlikely 
to be extinguished by preparticipation screening regard-
less of the particular strategy used.”
	 Similar statements have been recurrent in the med-
ical and nonmedical literature,2,40 even though many 
young athletes die suddenly, on and off the sporting 
fields, of potentially preventable causes. Is it really im-
possible or prohibitively expensive to develop a more ef-
fective policy and a safer environment for a population 
that is encouraged to exercise and is applauded for ex-
celling in sports? Today, routine ECG screening is nei-
ther the only nor the most accurate option.

Subjects and Methods  
of 2 Novel Ongoing Studies
We have recently created the Center for Coronary Ar-
tery Anomalies, a section of the Texas Heart Institute, 
with the intention of promoting life-saving research 
and, eventually, preventive services in the field of sports 
medicine. We are currently carrying out 2 initial cross-

sectional studies that we believe could critically improve 
our ability to screen young people and more effective-
ly prevent SCD in the young, especially in athletes. We 
hope that such studies will help medical organizations 
and society as a whole to recognize that the time is ripe 
for adopting novel, effective, and affordable preventive 
medicine in the sports field.
	 These two studies have been designed—and are con-
currently being carried out—in order to fully ascertain 
the prevalence of hr-CVCs and their mortality impli-
cations: the Cardiac Screening MRI (S-MRI) Study, 
which involves the screening of an unselected cohort 
of approximately 10,000 middle-school students (ages, 
11–15 yr); and the Necropsy Study, which involves a 
prospective series of approximately 6,500 consecutive 
necropsies performed at the Harris County Institute of 
Forensic Sciences (Houston).

Cardiac Screening MRI Study
The purpose of the S-MRI study is to perform, in a 
general population, an accurate survey of the prev-
alence of anatomo-functional conditions that have 
been considered to confer a high risk of cardiovascu-
lar death in the young, especially in athletes. The study 
also includes a brief, focused medical questionnaire and 
an ECG. The use of the S-MRI protocol, the study 
design, and the sample size are intended to give our 
screening study the following features:
	 Approximately 10,000 schoolchildren will be screened, 
primarily to enable us to establish def initive preva-
lence data in multiple subgroups, broken down by body 
weight/height, ethnicity, race, and sex. We expect the 
study cohort to be large enough to yield accurate preva-
lence data regarding at least the most common hr-CVCs, 
but we recognize that other, less common hr-CVCs 
might not be adequately represented in our population 
sample. In addition, in order to optimally avoid pretest 
bias, screening will be carried out in any assenting chil-
dren (with consenting parents) 11 to 15 years of age. A 
recognized drawback of screening children in this age 
range is that cardiomyopathies tend, phenotypically, to 
express themselves more fully at later ages.26,27 Therefore, 
we must acknowledge the possibility that our study will 
require a second stage in which participants are screened 
again at an older age. Although this would be an even 
greater undertaking, it is worth considering, because it 
would provide an opportunity to refine diagnostic crite-
ria at an early age, potentially enabling us to predict the 
further evolution of ACAOS, HCM, and dilative cardio-
myopathy.
	 The subjects will be boys and girls of different ethnic 
and racial backgrounds. Because there is no cost to the 
candidates or their schools, participation will not be tied 
to the candidates’ socioeconomic status.
	 Our novel CMR cardiac-screening protocol is cur-
rently being performed on an outpatient basis in mobile 

TABLE I. Staged Model of Sudden Cardiac Death in the 
Young

1) Existing cardiovascular abnormalities, such as

	 Coronary anomalies, with stenosis (mainly ACAOS)

	 Hypertrophic cardiomyopathy

	 Dilative cardiomyopathy

	 Right ventricular cardiomyopathy

	 Channelopathy

2) . . . complicated by precipitating factors, such as

	 Unusual cardiac workloads (competitive exercise)

	 Dehydration

	 Electrolyte imbalance

	 Overheating

3) . . . lead to sudden cardiac death.
 
ACAOS = anomalous origin of a coronary artery from the oppo-
site sinus of Valsalva, with intramural (but not intraseptal) course

Fig. 1  Possible approaches to quantifying the risk, in the young, 
of sudden cardiac death (SCD) in association with a given exist-
ing high-risk cardiovascular condition (hr-CVC).
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CMR units without the need for sedation, intravenous 
access, or contrast administration. We have chosen a 
protocol for S-MRI screening that involves about 15 
minutes of limited, mostly free-breathing, focused data 
acquisition; the screening is specifically designed to rule 
out the presence of ACAOS and cardiomyopathies. 
Specif ic images include an ECG-gated 3-dimension-
al gradient echo magnetic resonance angiogram cover-
ing the entire aortic root, which is obtained to visualize 
the origins of the coronary arteries and the locations 
of the proximal trunks; and the sections of the ventri-
cles (4-chamber, LV outflow tract, and 2-chamber) by 
which fundamental measurements can be made, such 
as atrial and ventricular chamber size, segmental wall 
thickness, LV mass, stroke volume, and cardiac output 
(Figs. 2 and 3).41,42

	 Coronary magnetic resonance angiography is highly 
reliable for the diagnosis of ACAOS (its ectopic origin 
and its tangential proximal course 30 are suggested in 
Fig. 2), and it is also quite precise in determining left 
and right ventricular dimensions and wall thicknesses 
(see the expected results in Table II).31 When it has an 
ante-aortic course, ACAOS is always accompanied by 
an intramural aortic course, as shown in our ongoing 
extensive study of ACAOS by intravascular coronary ul-
trasonography.25 The S-MRI protocol41,43 also enables the 
accurate evaluation of dilative and hypertrophic cardio-
myopathies, although it is unlikely that this abbreviat-
ed CMR protocol will be able to identify most cases of 
arrhythmogenic right ventricular dysplasia; in the initial 
stage of screening, we will rely on ECG and a clinical 
questionnaire to detect most cases of this rare disor-

der.32-34 For accuracy in describing coronary anatomy, 
our protocol seems to be limited only by arrhythmias 
and patient motion, factors that do not seem to inter-
fere significantly with data acquisition in our targeted 
age bracket.41,42

	 Cardiac S-MRI avoids the use of ionizing radiation, 
unlike multislice computed tomography. Even when 
used clinically, routine cardiac MR (which involves 
a much more extensive and time-consuming proto-
col than does S-MRI) has not caused significant long-
term ill effects, despite the millions of scans performed 
to date.42

	 Under ideal conditions (under which we use low-
overhead, dedicated providers), the cost of perform-
ing such a CMR study is calculated to be in the range 
of U.S. $100 to $500 per case, depending on different 

Fig. 3  Typical cross-sectional cardiovascular magnetic reso-
nance image, at the level of the mid-left ventricle in a normal 
heart, shows clear imaging of the ventricular wall thickness, the 
papillary muscles, and trabeculations at end-diastole.

Fig. 2  Cardiovascular magnetic resonance at screening shows 
a typical coronary artery image in a case of anomalous origin 
of the left coronary artery from the right sinus of Valsalva, with 
an intraseptal course (asterisk). Note that the origin of the coro-
nary artery is quite visible, in proximal 2.5- to 3.5-cm segments, 
including topographic context. The arrow indicates the left main 
trunk. 
 

L = left sinus of Valsalva; R = right sinus of Valsalva

TABLE II. Expected Global Findings of the Cardiovascular 
Magnetic Resonance-Based Study*

Expected Finding	 Prevalence, %

True positive	 2.0**

False positive	 0.2***

True negative	 97.7

False negative	 0.1
 

*�High-risk cardiovascular conditions targeted by cardiovascu-
lar magnetic resonance questionnaire and electrocardiograph-
ic evaluation. 

**�At cardiovascular magnetic resonance-based screening in a 
general population. 

***�Positive initial-stage electrocardiographic findings, then sub-
sequent negative S-MRI findings and evaluation by a cardio-
vascular specialist.
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overhead and operating policies (data on f ile, Center 
for Coronary Artery Anomalies, Houston). These fig-
ures include only the direct costs to the provider (lease 
of new equipment, personnel in the field, non-reusable 
materials); at this time (when our operation is exclusive-
ly dedicated to conducting a preliminary free screening 
study in a school district), costs cannot include institu-
tional overhead. The cost-effectiveness and, ultimately, 
the affordability of using a similar screening protocol for 
preparticipation in specific populations will have to be 
determined from the prevalence of carriers and the prev-
alence of SCD in athlete and nonathlete populations, as 
well as from long-term follow-up data collected after the 
protocol has been instituted.
	 In a second-stage, 5-year follow-up study, our CMR 
screening protocol will be compared with existing pre-
participation protocols in terms of cost-effectiveness in 
preventing SCD. It is expected that the planned CMR-
based screening will prove so effective in ruling out hr-
CVCs for SCD in young athletes that the currently 
indicated medical visit to rule out cardiovascular con-
ditions (with follow-up testing for unclear or abnormal 
initial findings, by use of improvised protocols) could 
be withheld, resulting in substantial economic savings 
at this stage of testing (probably comparable to the cost 
of a routine S-MRI). In our protocol, evaluation by a 
subspecialty cardiologist will be required only for candi-
dates found to have a definite hr-CVC at the first stage 
of screening.
	 Echocardiography is a fair alternative for similar en-
hanced screening: we decided to try CMR specifically 
because of its superior precision in diagnosing CAAs of 
origin and noncompaction cardiomyopathy (an enti-
ty that is persistently unclear at its asymptomatic stage, 
if systolic LV function is preserved). In particular, the 
confusing nature of ECG findings in many young peo-
ple (especially findings related to ventricular hypertro-
phy) has been a fundamental argument in the U.S. for 
not using ECG for screening purposes.5,32-34 The avail-
ability of the concurrent S-MRI data will immediately 
exclude most false-positive ECG results (which we ex-
pect to find in 10%–30% of the screened individuals) 
and, therefore, eliminate many needless referrals to spe-
cialists.

Necropsy Study
Simultaneous with the CMR-based study, the Nec-
ropsy Study aims to re-evaluate the prevalence of the 
same (CMR-identifiable) hr-CVCs in a consecutive se-
ries of cadavers (enabling substudies in cases of SCD vs 
non-sudden deaths, in younger vs older patients, and in 
other subgroups of patients) that occur in a large urban 
area and are studied by autopsy at the Harris Coun-
ty Institute of Forensic Sciences. We estimate that 90% 
of SCDs that occur in young people in our area will 
be evaluated by the local forensic center, because SCD 

usually occurs outside the hospital environment and in 
persons not previously diagnosed with cardiovascular 
conditions (see the expected size of the target study co-
hort in Table III).
	 This study involves a prospective analysis of data 
(clinical and necropsy) and is intended to establish dif-
ferential prevalence data regarding both CAAs and car-
diomyopathies in cardiac versus non-cardiac deaths. 
This study will also test for correlations between the 
occurrence of SCD in the young and their relevant risk 
factors, such as sex, age, ethnic background, physical ac-
tivity at the time of onset of the final event, and athlet-
ic versus sedentary habits (Table I).
	 On the basis of previous necropsy records from the 
Houston-area population of 4.1 million, we estimate 
that 6,500 such studies will be performed during the 
2-year study period. Of these studies, approximately 
900 are expected to be performed on persons who died 
between the ages of 12 and 35 years. Specif ic efforts 
will be made to establish the likely causes and mecha-
nisms of death.9,10,44,45 In addition, histologic evidence of 
myocardial disarray, scarring, or acute myocardial in-
farction will be investigated, to evaluate the possibility 
of scarring in the dependent myocardium, in cases of 
ACAOS and of HCM.38,39 The severity of both ACAOS 
and cardiomyopathy will be evaluated by the use of es-
tablished quantitative macroscopic and microscopic 
values, which will be measured with novel approach-
es not used in similar, previous population studies of 
SCD. Prior necropsy studies regarding the incidence of 
hr-CVC are few and are generally limited by their ret-
rospective nature and the absence of clear, commonly 
accepted diagnostic criteria for causes of death.4,15,38,39

Correlation of the Data  
Obtained from the Two Studies
The final reconciliation of data obtained from CMR-
based and necropsy-based studies will introduce spe-
cific statistical multifactorial analyses that are crucially 
important for quantifying the risk of SCD in a gener-

TABLE III. Necropsy Study: Expected Characteristics of 
Cohort (Preliminary Estimates)

          Characteristic	 Value

Age, 12–35 yr	 900 cases

SCD	 45–50 cases

Autopsy-positive cases of SCD	 30

Autopsy-negative cases of SCD	 15

SCD deaths per yr in the young*	 0.48–0.50/100,000
 
SCD = sudden cardiac death 
 

*�In a general population. Expected total necropsy population = 
6,500.



Volume 40, Number 2, 2013154      Preventing Sudden Cardiac Death in Athletes

al population and in defined subgroups. It is obvious 
that this is only the start of a long-term commitment to 
the subject matter. The age data from the CMR study 
will define the “denominator” (that is, the prevalence 
of mainly congenital conditions considered to signifi-
cantly increase the risk of SCD), whereas the autopsy 
study will provide a substantial population-based esti-
mate of the prevalence of the same conditions at the 
time of SCD in a similar general population. Even-
tually, we hope to make possible the formulation of new 
schemes for mandatory preparticipation screening. The 
cost-effectiveness of CMR-based screening will to some 
extent be shaped not only by the accuracy of the screen-
ing methods (Fig. 4) but also by the risk of SCD in sub-
groups with hr-CVC.
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