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Background: Although cardiovascular screening is recommended
for athletes before participating in sports, the role of 12-lead elec-
trocardiography (ECG) remains uncertain. To date, no prospective
data that compare screening with and without ECG have been
available.

Objective: To compare the performance of preparticipation screen-
ing limited to medical history and physical examination with a
strategy that integrates these with ECG.

Design: Cross-sectional comparison of screening strategies.

Setting: University Health Services, Harvard University, Cambridge,
Massachusetts.

Participants: 510 collegiate athletes who received cardiovascular
screening before athletic participation.

Measurements:Eachparticipanthadroutinehistoryandexamination–
limited screening and ECG. They received transthoracic echocardi-
ography (TTE) to detect or exclude cardiac findings with relevance
to sports participation. The performance of screening with history
and examination only was compared with that of screening that
integrated history, examination, and ECG.

Results: Cardiac abnormalities with relevance to sports participation
risk were observed on TTE in 11 of 510 participants (prevalence,

2.2%). Screening with history and examination alone detected ab-
normalities in 5 of these 11 athletes (sensitivity, 45.5% [95% CI,
16.8% to 76.2%]; specificity, 94.4% [CI, 92.0% to 96.2%]). Elec-
trocardiography detected 5 additional participants with cardiac ab-
normalities (for a total of 10 of 11 participants), thereby improving
the overall sensitivity of screening to 90.9% (CI, 58.7% to 99.8%).
However, including ECG reduced the specificity of screening to
82.7% (CI, 79.1% to 86.0%) and was associated with a false-
positive rate of 16.9% (vs. 5.5% for screening with history and
examination only).

Limitation: Definitive conclusions regarding the effect of ECG
inclusion on sudden death rates cannot be made.

Conclusion: Adding ECG to medical history and physical examina-
tion improves the overall sensitivity of preparticipation cardiovascu-
lar screening in athletes. However, this strategy is associated with
an increased rate of false-positive results when current ECG inter-
pretation criteria are used.
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Occult cardiovascular disease is the leading cause of
sudden death in young athletes (1). Consequently, all

major professional medical organizations recommend
preparticipation screening of athletes for underlying car-
diac abnormalities (2–4). Although the mandate to screen
is universal, the guidelines that delineate screening recom-
mendations are not uniform. The American College of
Cardiology and American Heart Association recommend
limiting screening to a focused medical history and
physical examination, whereas the European Society of
Cardiology and the International Olympic Committee
advocate including resting 12-lead electrocardiography
(ECG). This important difference has generated consid-
erable debate (5–7).

Outcomes from a multidecade Italian national study
(8) demonstrate the positive effect of preparticipation
screening and suggest an important role for ECG. Al-
though these observational data have important limitations
(9), they underscore the need for further study of proposed
screening strategies (10–12). Data that define the perfor-
mance of screening practices in the United States are
sparse, and no studies have compared athlete screening by
medical history and physical examination only with a strat-
egy that includes ECG. For this reason, we examined the

performance of preparticipation screening with history and
examination only and compared it with an ECG-inclusive
strategy in a large cohort of U.S. university athletes.

METHODS

Study Design
We conducted this study over 3 consecutive years

(2006 to 2008). Athletes were eligible to participate if they
were 18 years or older and were newly matriculated Har-
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vard University students. Before participating in organized
athletic activity, each study participant received standard
screening with history and examination. Each participant
then immediately underwent resting 12-lead ECG and
transthoracic echocardiography (TTE). The practitioners
who took the history and performed the examination were
blinded to the results of ECG and TTE; likewise, the study
staff who performed ECG and TTE were blinded to the
history and examination results. Each participant provided
written consent at enrollment. The institutional review
boards of Partners Human Research Committee and Har-
vard University approved our study protocol.

Screening Medical History and Physical Examination
All participants underwent a standardized, noninvesti-

gational medical history and physical examination based
on current American College of Cardiology, American
Heart Association, and National Collegiate Athletic Asso-
ciation recommendations (2) during student-athlete group
screening sessions. These consisted of 5 personal medical
history elements, 3 family history elements, and 4 physical
examination elements (Appendix Table 1, available at www
.annals.org). The examinations were performed by Harvard
University Health Services practitioners with previous practi-
cal experience in performing sports clearance examinations.

Twelve-Lead ECG
Immediately after history taking and examination,

ECG was performed by using standard 12-lead placement
and equipment (MAC 5500, GE Healthcare, Milwaukee,
Wisconsin). We adopted current European Society of Car-
diology criteria for ECG abnormalities (Appendix Table 2,
available at www.annals.org) because these are the only

published recommendations designed for preparticipation
screening (3). We examined ECG tracings for abnormali-
ties at acquisition, and an independent observer who was
blinded to the initial interpretation later confirmed all
findings. We recorded the duration of each ECG study,
defined as the time required for athlete positioning, lead
placement, recording, and initial interpretation.

Focused TTE
We used a commercially available, portable system

(Vivid-I, GE Healthcare) for all TTE studies. We per-
formed a 17-image protocol that used standard transducer
orientations and 2-dimensional imaging techniques. We made
basic measurements on site, in accordance with current guide-
lines, and used Echo Pac, version 6.3 (GE Healthcare), to
confirm them in postacquisition analysis (13).

Classification of TTE Findings
We placed all participants into 1 of 3 categories on the

basis of TTE findings (Appendix Table 3, available at www
.annals.org): normal findings, on the basis of current
American Society of Echocardiography practice guidelines
(13); mildly abnormal findings, consistent with the benign
physiologic cardiac remodeling common in trained athletes
(14–18); and abnormalities that were suggestive of or di-
agnostic for cardiac disease relevant to sports participation
risk (19). We set the criteria for the third category to max-
imize sensitivity for abnormalities and thus included ath-
letes with indeterminate cardiac morphology (marked hy-
pertrophy or dilation), for whom further diagnostic
evaluation was necessary to confirm or exclude abnormal-
ity. We also included athletes with valvular heart disease,
for whom participation eligibility depends on the presence
or absence of associated high-risk features.

We referred all athletes with possible abnormalities for
further diagnostic testing, including comprehensive ECG,
exercise testing, cardiac magnetic resonance imaging, car-
diac catheterization, and prescribed detraining, at the dis-
cretion of nonstudy clinical staff. We integrated screening
findings with the results of this diagnostic testing to con-
firm or exclude abnormalities that required restricting
sports participation.

Statistical Analysis
We present continuous data as means (SDs). We as-

sessed differences between means by using a 2-tailed t test
or the Mann–Whitney test, as appropriate for data distri-
bution. We calculated screening test statistics, including
sensitivity, specificity, and negative and positive predictive
values, by using 2 � 2 contingency tables based on the
ability of each screening technique to identify athletes with
pathologic abnormalities. We calculated 95% CIs by using
exact Clopper–Pearson methods. We used SPSS Statistics,
version 16.0 (SPSS, Chicago, Illinois), for all analyses and
considered a P value less than 0.05 to be significant.

Role of the Funding Source
This study was not supported by extramural funding.

Context

Estimates suggest that about 1 in 220 000 young athletes
experience sudden cardiac death each year. The European
Society of Cardiology and the International Olympic Com-
mittee recommend that pre–sport participation screening
include electrocardiography (ECG), but screening in the
United States typically does not include ECG.

Contribution

In this study of 510 student athletes, the addition of rou-
tine ECG to history and physical examination improved the
detection of echocardiographically documented cardiac
abnormalities from 5 to 10 out of 11 but increased the
false-positive result rate from 5.5% to 16.9%.

Implication

The decision to include ECG in pre–sport participation
screening must balance improved sensitivity with increased
false-positive results, which can lead to further testing or
unnecessary exclusion of healthy persons from athletic
participation.

—The Editors
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RESULTS

Study Population
Table 1 shows demographic characteristics of the par-

ticipants. Compared with female athletes, male athletes
(61%) were taller and heavier and had engaged in more
exercise training during the 8 weeks before enrollment.
Nearly all participants (99.4% [507 of 510]) reported pre-
vious participation in organized high school–level athletic
competition. Most were white, and ethnic representation
did not differ between the men and women.

Prevalence of Cardiac Abnormalities on TTE
The Figure shows TTE results. We excluded 2 par-

ticipants from subsequent analyses because they had in-
adequate images for complete measurements. Of the
508 participants screened, 387 (76%) had structurally
normal hearts and 110 (22%) had mildly abnormal
findings consistent with physiologic remodeling. These
findings included isolated left ventricular (LV) hypertrophy
(56 participants), LV hypertrophy with LV dilation (22 par-
ticipants), LV dilation with right ventricular dilation (25
participants), and isolated LV dilation (7 participants). We
observed left atrial enlargement in 29 participants with con-
comitant LV remodeling (hypertrophy or dilation), but not as
an isolated finding in any participant. We definitively iden-
tified coronary artery origin in 467 (92%) participants, and
it was normal in all cases.

We found findings suggestive of or diagnostic for under-
lying abnormalities in 11 of 508 (2.2%) participants
(Figure). Among these, 3 were ultimately found to have
an abnormality that met current recommendations for
permanent or temporary sports restriction, including
pulmonic valve stenosis (peak gradient of 55 mm Hg

Table 1. Participant Characteristics at Baseline

Characteristic Men
(n � 311)

Women
(n � 199)

Total

Mean age (SD), y 19.0 (0.6) 18.8 (0.4) 19.0 (0.3)
Height (SD), m 1.80 (0.15) 1.68 (0.09)* 1.76 (0.11)
Weight (SD), kg 82 (16) 59 (12)* 73 (18)
Ethnicity, %†

White 66 72 68
Asian 10 14 12
Black 13 7 10
Hispanic or Latino 6 3 5
Other 5 4 5

Preseason training exposure
Mean total training time

(SD), h/wk
5.5 (2.4) 4.3 (2.6)* 5.1 (2.2)

Mean strength training
time (SD), h/wk

3.1 (2.3) 1.1 (2.0)* 2.6 (2.3)

Mean aerobic training
time (SD), h/wk

2.4 (3.1) 3.2 (4.1) 2.5 (3.0)

* P � 0.050 compared with men.
† Self-reported.

Figure. Study flow diagram.

Preparticipation 
echocardiography in college 

athletes (n = 508)

Structurally 
normal heart

(n = 387 [76%])

Mildly abnormal, 
findings consistent
with physiologic 

remodeling
(n = 110 [22%])

Relevant cardiac 
findings

(n = 11 [2%])

Cleared for sport 
participation 

(n = 505 [99.4%])

Structural abnormality (n = 5)
Marked LVH: 2
Marked LV dilation: 2
Marked RV dilation: 1

Valvular abnormality (n = 6)
Pulmonic stenosis: 1
Bicuspid aortic valve: 2
Mitral valve prolapse: 3

Further 
diagnostic testing 

(n = 11 [2%])

Recommended 
sport restriction 
(n = 3 [0.6%])

LV � left ventricular; LVH � left ventricular hypertrophy; RV � right ventricular.
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with right ventricular hypertrophy), hypertrophic car-
diomyopathy (LV hypertrophy with septal and posterior
wall thicknesses of 18 mm and no regression during
detraining), and myocarditis (LV dilation, LV dysfunc-
tion with an ejection fraction of 0.35, and elevated se-
rum troponin level after a recent viral illness). The over-
all prevalence of abnormality that required sports

restriction was 0.6% (3 of 508). The remaining 8 ath-
letes were all cleared for participation after noninvesti-
gational diagnostic evaluation. Findings in this group
included LV hypertrophy (wall thickness of 15 mm) in
a highly trained rower, LV dilation (chamber diameter
of 60 mm) in an elite-level rower, RV dilation (chamber
diameter of 41 mm) in a long-distance runner, and val-
vular heart conditions (5 participants) with no high-risk
features (such as clinically significant valvular incompe-
tence or stenosis or aortic root dilation).

Performance of Current Standard of Care
Screening with medical history and physical exami-

nation took a mean of 8 minutes (SD, 6; range, 6 to 22
minutes) per athlete. Of the 510 participants screened,
33 (6%) fulfilled at least 1 criterion for abnormality
(Table 2). History findings accounted for 21 (64%);
previous recognition of a murmur (10 participants) and
past unexplained syncope (6 participants) were the most
commonly encountered issues. The remaining 12 par-
ticipants with abnormal results were identified during
physical examination; 10 participants had a murmur
that was not clearly attributable to benign physiologic
flow.

Table 3 shows findings detected by medical history or
physical examination that suggested abnormality. History
and examination correctly identified 5 of the 11 (45%)
participants with such findings on TTE, all of whom had
valvular heart disease. However, they failed to detect the
other 6 (55%) such participants, including 1 with hyper-
trophic cardiomyopathy and 1 with myocarditis. Screening
with history and examination only had a sensitivity of
45.5% (95% CI, 16.8% to 76.2%), a specificity of 94.4%
(CI, 92.0% to 96.2%), a positive predictive value of 15.0%
(CI, 5.1% to 31.9%), and a negative predictive value of
98.7% (CI, 97.3% to 99.5%).

Table 2. Findings During Preparticipation Medical History
and Physical Examination Screening

Finding Positive Findings,
n (%)

Personal medical history
Exertional chest pain or discomfort 3 (0.6)
Unexplained syncope or near-syncope 6 (1.2)
Excessive and unexplained exertional dyspnea and

fatigue
0

Previous recognition of a heart murmur 10 (2.0)
Elevated systemic blood pressure 2 (0.3)

Family medical history
Premature (sudden and unexpected) death of

�1 relative before age 50 y due to heart disease
0

Disability from heart disease in a close relative
�50 y of age

0

Specific knowledge of hypertrophic or dilated
cardiomyopathy, the long QT syndrome or other
channelopathies, the Marfan syndrome, or
clinically important arrhythmias in family
members

0

Physical examination
Heart murmur 10 (2.0)
Diminished or absent femoral pulse 0
Physical stigmata of the Marfan syndrome 0
Asymmetric or elevated brachial artery blood

pressure*
2 (0.3)

Total 33 (6)

* Defined as absolute values �140 mm Hg (systolic) or �90 mm Hg (diastolic) or
an upper-extremity difference in systolic blood pressure �10 mm Hg.

Table 3. Medical History, Physical Examination, and 12-Lead Electrocardiography Findings in Participants With Confirmed
Abnormality

Participant TTE Abnormality Findings Final Diagnosis That Required
Sport Participation Restriction

Medical History or
Physical Examination

Electrocardiography

1 Bicuspid aortic valve Murmur None None
2 Bicuspid aortic valve Murmur and click None None
3 MVP Murmur None None
4 MVP Murmur None None
5 MVP None None None
6 Pulmonic stenosis Murmur None Moderate pulmonic stenosis
7 LV hypertrophy None QRS voltage, LAE None
8 LV hypertrophy None QRS voltage, TWA* Hypertrophic cardiomyopathy
9 LV dilation None LBBB None
10 LV dilation None LBBB Postviral myocarditis
11 RV dilation None RBBB None

LAE � left atrial enlargement; LBBB � left bundle-branch block; LV� left ventricular; MVP � mitral valve prolapse; RBBB � right bundle-branch block; RV � right
ventricular; TTE � transthoracic echocardiography; TWA � T-wave abnormality.
* Diffuse precordial lead T-wave inversions with ST-segment depression.
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Performance of ECG-Integrated Screening
The mean duration of ECG acquisition was 3 minutes

(SD, 2; range, 2 to 7 minutes). Table 4 lists the ECG
findings. Eighty-three of 510 (16%) participants fulfilled at
least 1 criterion for ECG abnormality, with 48 (9%) hav-
ing 1 abnormality and 35 (7%) having multiple abnor-
malities. Among the 83 participants with ECG abnor-
malities, 9 (11%) had structurally normal hearts, 72
(87%) had findings indicating physiologic remodeling,
and 5 (6%) had findings that warranted further diagnos-
tic evaluation.

Table 3 shows the ECG-integrated screening findings
that suggested abnormality. This strategy detected abnor-
malities in 10 of the 11 athletes with TTE-detected abnor-
malities; the remaining participant had mitral valve pro-
lapse and no associated high-risk features that necessitated
sport restriction. Of note, the medical history, physical ex-
amination, and ECG-integrated screening strategy success-
fully identified all 3 participants with abnormalities that
necessitated sport restrictions, whereas history and exami-
nation alone failed to detect 2 of these at-risk athletes.
Integrated history, examination, and ECG screening had a
sensitivity of 90.9% (CI, 58.7% to 99.8%), a specificity of
82.7% (CI, 79.1% to 86.0%), a positive predictive value
of 10.4% (CI, 5.1% to 18.3%), and a negative predictive
value of 99.8% (CI, 98.7% to 100.0%).

DISCUSSION

To our knowledge, ours is the first prospective study
to compare preparticipation screening by medical history
and physical examination only with a strategy that inte-
grates history, examination, and ECG in young competi-
tive athletes. In a large, carefully phenotyped cohort of
U.S. collegiate athletes, screening with history and exami-
nation alone correctly identified fewer than half of the ath-
letes with potentially important cardiac findings, all of
whom had valvular heart disease. Screening with history and
examination alone also did not detect any of the athletes
with structural abnormalities, including 2 athletes with car-
diomyopathic conditions that necessitated sports restric-
tion. Adding ECG to the history and examination im-
proved the overall sensitivity and negative predictive value
of athlete screening to 99.8% and led to the detection of all
participants with abnormalities that required sport restric-
tion. The ability of ECG to detect underlying myocardial
abnormalities not found by history or physical examination
largely explains this improved screening sensitivity. Our
findings raise important concerns about the efficacy of
screening with history and examination only, because car-
diomyopathies account for most sports-related sudden car-
diac death (1). Our data also suggest that 12-lead ECG and
history and examination are complementary components
of an overall screening program geared toward maximal
sensitivity.

In 1982, the Italian government instituted and funded
a national program that required mandatory preparticipa-
tion screening, including 12-lead ECG, for all athletes
younger than 35 years (20). Recently published data from
this ambitious program (8) suggest that this screening
strategy has significantly reduced the incidence of sports-
related sudden death. Although the Italian report has im-
portant limitations (9), most notably the uncontrolled,
observational nature of the data, the report that an ECG-
based screening program reduces sport-related sudden car-
diac death justifies further study. Before this study, data
that compared the performances of proposed screening
practices were lacking. In another important study con-
ducted before the development of current guidelines,

Table 4. Findings on 12-Lead ECG During Preparticipation
Screening

Abnormality Men
(n � 311),
n (%)

Women
(n � 199),
n (%)

Total Cohort
(n � 510),
n (%)

P wave
Left atrial enlargement 18 8 26
Right atrial enlargement 3 2 5

QRS axis
Right axis deviation �120° 1 0 1
Left axis deviation �30° to

�90°
3 0 3

QRS voltage
Precordial lead maximum

�3 mV
29 8 37

Limb lead maximum �2 mV 22 5 27

QRS morphology
Right bundle-branch block 10 3 13
Left bundle-branch block 2 0 2
Abnormal Q waves 0 0 0
R or R� in V1 �0.5 mV and

R/S �1
1 0 1

ST segment and T wave
T-wave inversions 3 0 3
ST-segment depression 0 0 0

Interval
QTc interval prolongation 0 0 0
PR interval prolongation 0 0 0
PR interval shortening 0 0 0

Arrhythmia
Premature ventricular

complexes
0 0 0

Atrial fibrillation or flutter 0 0 0
Sinus bradycardia 0 0 0

Aggregate findings
Total abnormalities 92 26 118
Participants with 1 ECG

abnormality
32 (10) 16 (8) 48 (9)

Participants with �1 ECG
abnormality

30 (10) 5 (3) 35 (7)

Total participants with
abnormalities

62 (20) 21 (11) 83 (16)

ECG � electrocardiography; QTc � corrected QT interval.

ArticleCardiovascular Screening in College Athletes With and Without ECG

www.annals.org 2 March 2010 Annals of Internal Medicine Volume 152 • Number 5 273



Maron and colleagues (21) performed personal and family
medical histories, physical examinations, and 12-lead
ECG on 501 university athletes and reported an overall
false-positive result rate of 20%. Because only 18% of these
participants were studied with definitive cardiac imaging
(M-mode echocardiography), we could not quantify disease
prevalence or comprehensively assess screening performance.

Current American College of Cardiology/American
Heart Association guidelines do not endorse the use of
12-lead ECG during athlete preparticipation screening.
This recommendation is based on speculative concerns
about ECG performance (low specificity and high false-
positive result rate) and the theoretical impracticalities of
ECG-based screening (financial cost and technical logistics
of interpretation). However, to our knowledge, no previ-
ous definitive study has applied a universal imaging stan-
dard, such as echocardiography, to compare the perfor-
mance of an ECG-inclusive protocol with one limited to
medical history and physical examination. Our study dem-
onstrates that ECG inclusion leads to athlete screening
with higher sensitivity and negative predictive value than
history and examination alone.

Our study has limitations. First, we cannot draw de-
finitive conclusions about the effect of the different screen-
ing strategies on the incidence of sudden death in athletes.
Second, the relatively modest observed performance of
screening with history and physical examination only may
have been due to our screening practitioners not being
cardiovascular specialists or dedicated sports medicine phy-
sicians. However, most athlete preparticipation screening
in the United States is performed by generalists without
subspecialty training, and thus our data represent the cur-
rent standard of care. Third, some study participants had
probably received screening before arriving at college, and
our cohort may therefore underrepresent the true burden
of occult cardiac disease. However, we still detected 11 par-
ticipants with relevant cardiac abnormalities, of whom 3 were
ultimately judged to require sport restriction. Fourth,
because of inherent diagnostic limitations of echocardi-
ography and our use of a practical but limited imaging
protocol, we cannot exclude the possibility that we mis-
classified some participants. Finally, our study lacks the
statistical power to address the performance of different
screening approaches in important subgroups. Dedi-
cated evaluation of screening technique performance
with respect to sex and ethnicity is warranted.

Our results may not end the complicated debate about
the role of 12-lead ECG in preparticipation screening. Al-
though our data demonstrate that ECG improves the over-
all sensitivity and negative predictive value of screening,
the associated decrease in positive predictive value and in-
crease in false-positive results (16.9%) are formidable hur-
dles to the acceptance and implementation of this strategy.
A screening program that falsely identifies approximately 1
in 6 participants as having cardiac disease has substantial
and perhaps prohibitive financial, emotional, and logistical

ramifications. However, screening strategies that maximize
sensitivity have the greatest potential to minimize the inci-
dence of sports-related sudden death. Our data suggest sev-
eral important future directions for research to address this
issue.

Most of the false-positive test results produced by the
combination of medical history, physical examination, and
ECG screening that we used were due to ECG findings.
This is a direct function of the ECG abnormality criteria
we used, which are accepted for widespread clinical use but
were not derived from the study of athletes and therefore
do not account for the numerous abnormal but benign
ECG findings common in this population (22, 23). Our
data demonstrate that certain ECG findings (such as in-
creased QRS voltage in the absence of abnormal repolar-
ization) are common among athletes who harbor no struc-
tural heart disease, whereas others (such as complete
bundle-branch block) may be more specific markers of
pathologic abnormalities. The current ECG abnormality
criteria need to be revised or a novel algorithm developed
with adequate accuracy to differentiate physiologic remod-
eling from pathologic heart disease in athletes. In addition,
formal cost-effectiveness analyses and further longitudinal
studies that document screening findings, sport restriction
rates, and sudden death incidence are needed to determine
the effect of ECG inclusion on health care costs and pa-
tient outcomes.

Electrocardiography has a controversial role in the
screening of athletes for occult cardiovascular disease. Our
results suggest that preparticipation screening limited to
medical history and physical examination fails to identify a
significant percentage of athletes with increased risk for
adverse cardiac events. Adding ECG improves the overall
sensitivity of screening and may be necessary to identify
athletes who harbor the key diseases responsible for sports-
related sudden death. However, using currently available
ECG abnormality criteria is associated with high rates of
false-positive screening results. Future efforts are needed to
reduce the burden of false-positive results while maintain-
ing the valuable sensitivity of ECG.
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Appendix Table 1. Criteria for Abnormality on
Preparticipation Medical History and Physical Examination
Screening, as Proposed by the American Heart Association*

Medical history
Personal history

Exertional chest pain or discomfort
Unexplained syncope or near-syncope not clearly attributable to

neurocardiogenic or vasovagal mechanism
Excessive and unexplained dyspnea or fatigue associated with exercise
Previous recognition of a heart murmur
Elevated systemic blood pressure

Family history
Premature (sudden and unexpected) death of �1 relative before age

50 y due to suspected or confirmed heart disease
Disability from heart disease in a close relative �50 y of age
Knowledge of hypertrophic or dilated cardiomyopathy, the long QT

syndrome, the Marfan syndrome, or clinically important arrhythmias
in any family member

Physical examination
Heart murmur
Diminished or asymmetric femoral pulses (to exclude aortic coarctation)
Physical stigmata of the Marfan syndrome
Asymmetric or elevated (�140/90 mm Hg) brachial artery blood pressure

* See reference 2.

Appendix Table 2. Criteria for Abnormality on
Preparticipation 12-Lead Electrocardiography Screening,
as Proposed by the European Society of Cardiology*

Atrial abnormalities
Left atrial enlargement: negative portion of the P wave in lead V1

�0.1 mV in depth and �0.04 s in duration
Right atrial enlargement: peaked P wave in leads II and III or V1

�0.25 mV in amplitude

QRS complex abnormalities
Frontal plane axis deviation: right �120° or left between �30° and �90°
Increased voltage: Amplitude of R or S wave in a limb lead �2 mV, S

wave in lead V1 or V2 �3 mV, or R wave in lead V5 or V6 �3 mV
Abnormal Q waves: �0.04 s in duration or �25% of the height of the

ensuing R wave, or QS pattern in �2 leads
Morphology: right or left bundle-branch block configuration with QRS

duration �0.12 s; R or R� wave in lead V1 �0.5 mV in amplitude and
R/S ratio �1

Interval abnormalities
QT interval: prolongation of heart rate–corrected QT interval �0.44 s in

men and �0.46 s in women
PR interval: first-degree (PR interval �0.21 s and no shortening with

hyperventilation), second-degree, or third-degree atrioventricular block
or short PR interval (�0.12 s), with or without delta wave

Other abnormalities
Repolarization: ST-segment depression or T-wave flattening or inversion

in �2 leads
Arrhythmia: Premature ventricular beats or more severe ventricular

arrhythmia, supraventricular tachycardia, atrial flutter, atrial fibrillation,
or profound sinus bradycardia not increasing to �100 beats/min with
exertion

* See reference 24.
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Appendix Table 3. Reference Values for Transthoracic Echocardiography Findings

Finding Reference Values Associated Abnormality

Men Women

Normal echocardiography readings
Normal LV wall thickness LV wall thickness �11 mm LV wall thickness �10 mm –
Normal LV cavity size LV internal diastolic diameter �60 mm LV internal diastolic diameter �54 mm –
Normal RV cavity size RV internal diastolic diameter �34 mm RV internal diastolic diameter �34 mm –
Normal LA size Maximal anterior–posterior diameter �41 mm Maximal anterior–posterior diameter �39 mm –

Mild abnormality consistent with
physiologic remodeling

Mild LV hypertrophy LV wall thickness, 11–13 mm LV wall thickness, 10–12 mm –
Mild LV dilation LV internal diastolic diameter, 60–63 mm LV internal diastolic diameter, 54–57 mm –
Mild RV dilation RV internal diastolic diameter, 34–37 mm RV internal diastolic diameter, 34–37 mm –
LA enlargement Maximal anterior–posterior diameter �41 mm Maximal anterior–posterior diameter �39 mm –

Abnormalities that suggest pathology
Marked LV hypertrophy LV wall thickness �14 mm LV wall thickness �13 mm Hypertrophic CMP
Marked LV dilation LV internal diastolic diameter �64 mm LV internal diastolic diameter �58 mm Dilated CMP or

myocarditis
Marked RV dilation RV internal diastolic diameter �38 mm RV internal diastolic diameter �38 mm Arrhythmogenic RV CMP
Valvular pathology

Bicuspid aortic valve – – –
Mitral valve prolapse – – –

Anomalous coronary origin – – –

CMP � cardiomyopathy; LA � left atrial; LV � left ventricular; RV � right ventricular.
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