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Opening Thoughts

“Hi Dr. Baggish, Dr. X and | just received this ECG and we’re concerned about the:”

1. Massive LVH

2. The T-wave inversion in aVL

3. The anteroseptal acute Ml pattern
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Indeed, the “Athlete’s ECG” can be dramatic......

Practical Considerations about the 12-lead ECG

/ Technique matters, first thing to consider is whether finding is a technical issue
Pre-test probability defines response to findings
ECG’s in isolation are of limited value # CLEARANCE
Diagnostic Criteria have been developed to help with this process

Consistency is key and requires repetition and systematic approach
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19 y.0.M distance runner with
allergies and chest tightness
(Training Room #1)
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19 y.0.M distance runner with
allergies and chest tightness
(Training Room #2)

Supine Tracing

5. rﬂub ‘-l%h Aune
A hnk“‘* ’“'ﬂ 0‘&” Wi

; Y
." .’W. 4 'T “‘:.

“N:O.

- 4
oﬂn

L LA TESRENON S ey




Cardiovascular

Performance

Wil ECG: Technical Considerations e 53

UNIL | Université de Lausanne

Resting Physiology Baseline Comparator
— : . 5 -.> l "l‘ - ‘ _‘, ‘
' > J
VS L

Patient Position

1 icle
I SR -
Ll
Sternal relge .. e
S .f { (“Angie of Louis™) B .
k ' interc 3 )
Fr 7 Kl“ V
! g
) ™ Interco ace | 4
A ” Il

Supine Position Semi-Fowler's Position




Cardiovascular

Performance

Program ﬁ

L&

onill Learning Objectives

UNIL | Université de Lausanne

Indeed, the “Athlete’s ECG” can be dramatic......

Practical Considerations about the 12-lead ECG

 Technique matters, first thing to consider is whether finding is a technical issue
/ Pre-test probability defines response to findings
ECG’s in isolation are of limited value # CLEARANCE
Diagnostic Criteria have been developed to help with this process

Consistency is key and requires repetition and systematic approach
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WORLD
ATHLETICS.

World Athletics
Health Promotion Policy Paper

April 2021
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1. Personal history

« Syncope or near-syncope

» Exertional chest pain or discomfort

« Shortness of breath or fatigue out of proportion to the degree of physical effort

« Palpitations or irregular heartbeat
Resting symptoms have low specificity of pathology
The majority of “yes” response do not indicate true disease (low specificity)

Real-time follow-up determine need for further evaluation
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1. Personal history

Syncope or near-syncope

Neurally-Mediated (Rest ~10%) Arrhythmogenic
Post-Exercise Collapse (2-5%) Syncope

+ Shortness of breath or fatigue
‘out of proportion to the degree of physical effort

Asthma - Inflamed Bronchial Tube
Pulm Valve \

<(\ "

LAD

v*\

Aortic Valve

normal bronchial tube inflamed bronchial tube

If you know and practice the nuanced follow-up, the specificity of H&P improves
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» Exertional chest pain or discomfort
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2. Family history
ATHLETICS. « Family history of one or more relatives with disability or death of heart disease (sudden/
World Athletics unexpected) before age 50

Health Promotion Policy Paper
« Family history of cardiomyopathy, coronary artery disease, Marfan syndrome, long QT syndrome,

April 2021 severe arrhythmias, or other disabling cardiovascular disease.

A good family history is worth it’s weight in gold!

e ———— Take the time to do it well...
\ Ask about: unexplained drownings & car crashes, sport restriction, early life ICDs

\ Use the names of the common diseases:

HCM, AVC, Long QT Syndrome, Aortic Dissection, etc.
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Indeed, the “Athlete’s ECG” can be dramatic......

Practical Considerations about the 12-lead ECG

 Technique matters, first thing to consider is whether finding is a technical issue
/ Pre-test probability defines response to findings
./ ECG’s in isolation are of limited value # CLEARANCE
Diagnostic Criteria have been developed to help with this process

Consistency is key and requires repetition and systematic approach
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Elite Level Competitor
Long Standing Med-Refractory Asthma

Normal Screening ECG

Pulm Valvc
R ‘ <\ 1
A

Sudden Cardiac Death r%k

February 2014

{ o

Aortic Valve

50K - Craftsbury VT
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Indeed, the “Athlete’s ECG” can be dramatic......

Practical Considerations about the 12-lead ECG

 Technique matters, first thing to consider is whether finding is a technical issue
/ Pre-test probability defines response to findings
./ ECG’s in isolation are of limited value # CLEARANCE
./ Diagnostic Criteria have been developed to help with this process

Consistency is key and requires repetition and systematic approach
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Criteria (O.E.D.): A list of principles or standards by which something
may be judged or decided

-Ubiquitous in medicine & science....Appropriate Use Criteria (A.U.C.)

-Provide standardization across time, space, and level of expertise

-Starting point for diagnostic decision making

-They are imperfect and only as good as the data & experience that generate them
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ABSTRACT

Backgronund For more than 20 years in Italy,
young athletes have been screened before partici-
pating in competitive sports. We assessed whether
this strategy results in the prevention of sudden
death from hypertrophic cardiomyopathy, a common
cardiovascular cause of death in young athletes.

Methads We prospectively studied sudden deaths
among athletes and nonathletes (35 years of age or
less) in the Veneto region of taly from 1979 to 1996,
The causes of sudden death in both populations
were compared, and the pathological findings in the
athletes were related to their clinical histories and
electrocardiograms. Cardiovascular reasons for dis-
qualification from participation in sports were inves-
tigated and follow-up was performed in a consecu-
tive series of 33,735 young athletes who underwent
preparticipation screening in Padua, italy, during the
same penod.

Resnless Of 269 sudden deaths in young people, 49
occurred in competitive athletes (44 male and 5 fe-
male athletes; mean [=SD] age, 23=7 years). The
most common causes of sudden death in athletes
were arrhythmogenic right ventricular cardiomyopa-
thy {(22.4 percent), coronary atherosclerosis (18.4 per-
cant), and anomalous origin of a coronary artery (12.2
percent). Hypertrophic cardiomyopathy causad only
1 sudden death among the athletes (2.0 percent) but
caused 16 sudden deaths in the nonathletes (7.3 per-
cantl. Hy pertrophic cardiomyopathy was detectad in
22 athletes (0.07 percent) at preparticipation screen-
ing and accountad for 3.5 percent of the cardiovas-
cular reasons for disqualification. None of the dis-
qualified athletes with hypertrophic cardiomyopathy
died during a mean follow-up period of 8.2+5 years.

Conclnusions The results show that hypertrophic
cardiomyopathy was an uncommon cause of death
in these young competitive athletes and suggest that
the identification and disqualification of affected ath-
letes at screening before participation in competitive
sports may have prevented sudden death. (N Engl J
Med 1998;339:364-9.)
©15938, Massachusatts Madical Sociaty.

The New England Journal of Medicine

N Engl J Med 1995;339:384-9)

SCREENING FOR HYPERTROPHIC CARDIOMYOPATHY IN YOUNG ATHLETES

Domenco Corrano, M.D,, Cristina Basso, M.D., Maurzio Scriavon, M.D., ano GaeTano Triene, M.D.

TaBLE 4. CARDIOVASCULAR CONDITIONS
CAUSING DISQUALIFICATION FROM
COMPETITIVE SPORTS IN 621
ATHLETES IN PADUA, 1979 TO 1996.

CONDITION

Rhythm and conduction
abnormalities

Systemic hypertension

Valvular diseases (including
mitral-valve prolapse)

Hypertrophic cardiomyopathy
Others

No. (%)

238 (38.3)

168 (27.1)
133 (21.4)

22 (3.5)
60 (9.7)

TABLE 1. CRITERIA FOR A POSITIVE 12-LEAD
ELECTROCARDIOGRAM.*

P wave

Left atrial enlargement: negative portion of the P wave in lead V, =0.1 mV
in depth and =0.04 sec in duration

Right atrial enlargement: peaked P wave in leads IT and IIT or V, =0.25
mV in amplitude

QRS complex

Frontal-plane axis deviation: right =+120 degrees or left —30 degrees to
—90 degrees

Increased voltage: amplitude of R or S wave in a standard lead =2 mV,
S wave in lead V, or V, =3 mV, or R wave in lead V; or V, =3 mV

Abnormal Q waves =0.04 sec in duration or =25 percent of the height of
the ensuing R wave, or QS pattern in two or more leads

Right or left bundle-branch block with QRS duration =0.12 sec

R or R’ wave in lead V;, =0.5 mV in amplitude and R:S ratio =1

ST segment, T waves, and QT interval

ST-segment depression or T-wave flattening or inversion in two or
more leads
Prolongation of QT interval corrected for the heart rate >0.44 sec

Rhythm and conduction abnormalities

Premature ventricular beats or more severe ventricular arrhythmia

Supraventricular tachycardia, atrial flutter, or atrial fibrillation

Short PR interval (<0.12 sec) with or without delta wave

Sinus bradycardia with resting heart rate =40 beats per minute and increas-
ing to <100 beats per minute during limited exercise testing

First-degree (PR =0.21 sec, not shortening with hyperventilation or
limited exercise testing), second-degree, or third-degree atrioven-
tricular block

*The criteria are from Friedman,’” Romhilt and Estes,!'s Morris et al.,1?
and Savage et al.2°
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ESC Report

Cardiovascular pre-participation screening of young
competitive athletes for prevention of sudden
death: proposal for a common European protocol

Consensus Statement of the Study Group of Sport Cardiology
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Myocardial and Pericardial Diseases of the

European Society of Cardiology
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potential of preventing fatal events. The main purpose of the consensus document
is to reinforce the principle of the need for pre-participation medical clearance of
all young athletes involved in organized sports programmes, on the basis of (i) the
proven efficacy of systematic screening by 12-lead ECG (in addition to history and
physical examination) to identify hypertrophic cardiomyopathy—-the leading cause
of sports-related sudden death—and to prevent athletic field fatalities; (ii) the poten-
tial screening ability in detecting other lethal cardiovascular diseases presenting
with ECG abnormalities. The consensus document recommends the implementation
of a common European screening protocol essentially based on 12-lead ECG.

Table 3 Criteria for a positive 12-lead ECG

P wave
left atrial enlargement: negative portion of the P wave in lead V1 = 0.1 mV in depth and =0.04 s in duration;
right atral enlargement: peaked P wave in leads |l and Il or ¥1 = 0.25 m¥ in amplitude.

ORS complex

frontal plane axis deviation: right = + 120° or left -30° to -507;

increased voltage: amplitude of R or § wave in in a standard lead =2 mY, S wave
in lead ¥1 or ¥Z = 3 m¥, or R wave in lead ¥5 or V6 = 3 m¥;

abnormal Q waves =0.04s in duration or =25% of the height of the ensuing R wave or QS pattern in
two or more leads;

right or left bundle branch block with QRS duration =0.12 s;

Ror R wave in lead ¥1 = 0.5 mV in amplitude and R/S ratio =1.

ST-segment, T-waves, and QT interval
§T-segment depression or T-wave flattening or inversion in two or more leads;
prolongation of heart rate corrected QT interval =>0.44s in males and = 0.46 s in females.

Rhythm and conduction abnormalities
premature ventricular beats or more severe ventricular arrhythmias;
supraventricular tachycardias, atrial flutter, or atral fibrillation;
short PR interval {<<0.12 s) with or without “delta’ wave;
sinus bradycardia with resting heart rate =40 beats /min?;
first {PR = 0.21 s"}, second or third degree atrioventricular block.

*Increasing less than 104 beats/min during limited exercise test.
9Not shorteni ng with hyperventilation or limited exercise test.
Redified from Corrado ef at.”
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ARTICLE

Cardiovascular Screening in College Athletes With and Without

Electrocardiography
A Cross-sectional Study

Aaron L. Baggish, MD; Adolph M. Hutter Jr, MD; Francls Wang, MD; Kibar Yared, MD; Rory B. Weiner, MD; EN Kupperman, BA;

Michael H. Picard, MD; and Malissa J. Wood, MD

Back d: Although car d

22%). ng with history and examination dlone detected ab-

famaz;baﬁrapammﬂngmspom lherdeol'lZleade!e(
trocardiography (ECG) remalns uncertain. To date, no

data that compare sareening with and without ECG have been
avallable.

Objective: To compare the performance of prepartidipation screen-
ing Iimited to medical history and physicll examination with a
strategy that Integrates these with ECG.

Design: Cross-sectional of screening

nommalties In 5 of these 11 athletes (sensitvity, 45.5% [95% CI,
16.8% to 76.2%]; spedficty, 94.4% [Cl, 92.0% to 96.2%]). Bec-
trocardiography detected 5 addmional participants with cardlac ab-
normaltties (for a total of 10 of 11 participants), thereby Improving
the overall sensitivity of screening to 909% (Cl, 58.7% to 99.8%).
However, including ECG reduced the spedficity of screening to
827% (Q, 79.1% to 86.0%) and was assoclated with a fake-
positive rate of 169% (vs. 55% for screening with history and
only).

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

Participants: 510 colleglate athletes who recetved cardiovascular
screening before athletic partidpation.

A Each partidpant had: i d
Immdsaeermgandic(lﬂleyvecewedusmmc
ugrﬂphyﬂ'ft)todﬁzdaexdndecxchc&uhpwllhlelewme
to sports partidpation. The performance of screening with history
and examination only was compared with that of screening that
Integrated history, examination, and ECG.

Results: Cardlac abnormalities with refevance to sports partidpation
risk were observed on TTE in 11 of 510 partidpants (prevalence,

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

Condluslon: Adding ECG to medical history and physical examina-
tion the overall of p cardiovascu-
Insaeer-uhmrkweva ﬁssﬂmegy!smredvmh
an Increased rate of false-postive results when cumrent ECG Inter-
pretation aftera are used.

Primary Funding Source: None.

Am Intem Med. 2010;152:269-275.
For author afilations, see end of text.

ceult cardiovascular disease is the leading cause of

performance of pfepamupauon screening with history and

major  profe cal jons  rec

preparticipation screening of athletes for underlying car-
diac abnormalities (2—4). Although the mandate to screen
is universal, the puidelines 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

sudden d-(h in young athletes (1). C quently, all
medi d

1 only and compared it with an ECG-inclusive
strategy in a large cohort of U.S. university athletes.

MEeTHODS
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-

Web-Only
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Prevalence

Harvard Athlete Initiative (2007-2009):
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Annals of Internal Medicine

ARTICLE

Cardiovascular Screening in College Athletes With and Without

Electrocardiography
A Cross-sectional Study

Aaron L. Baggish, MD; Adolph M. Hutter Jr, MD; Francis Wang, MD; Kibar Yared, MD; Rory B. Weiner, MD; Ell Kupperman, BA;

Michael H. Picard, MD; and Malissa J. Wood, MD

Background: Although cardiovasadar sareening s recommended
for athletes before partidpating In sports, the role of 12-lead elec-
trocardiography (ECG) remains uncertain. To date, no prospective
data that compare sareening with and without ECG have been
avallable.

Objective: To compare the performance of prepartidpation screen-
Ing Iimited to medical history and physicll examination with a
strategy that Integrates these with ECG.

Design: Cross-sectional of screening

2.2%). Screening with history and examination dlone detected ab-
nomnalties In 5 of these 11 athletes (sensitvity, 455% [95% CI,
16.8% to 76.2%]; spedfidty, 94.4% [Cl, 92.0% to 96.2%]). Bec-
trocardk hy detected 5 with cardiac ab-
nomaltties (for a total of 10 of 11 participants), thereby Improving
the overall sensithvity of screening to 90.9% (Cl, 58.7% to 99.8%).
However, including ECG reduced the spedficity of screening to
827% (Q, 79.1% to 86.0%) and was assoclated with a fake-
posttive rate of 169% (vs. 55% for screening with history and

only).

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

Participants: 510 colleglate athletes who recetved cardiovascular
screening before athletic partidpation.

Imited screening and ECG. They recelved transthorack echocardi-
ography (TTE) to detect or exclude cardiac findings with relevance
to sports partidpation. The performance of screening with history
and examination only was compared with that of screening that
integrated history, examination, and ECG.

Results: Cardlac abnormalities with refevance to sports partidpation
risk were observed on TTE in 11 of 510 partidpants (prevalence,

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

Condluslon: Adding ECG to medical history and physical examina-
tion Improves the overall sensitivity of prepartidpation cardiovascu-
lar screening In athletes. However, this strategy s assodated with
an Increased rate of false-positive results when current ECG Inter-
pretation afterta are used.

Primary Funding Source: None.

Am Intem Med. 2010;152:269-275.
For author afffations, see end of text.

Preparticipation echocardiography
in collegiate athletes (n = S08)
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Cuategary I Categary 2
Structurally norm al Physiologic tem odeling
(n=387,76%) (n=110,22%)

Relevant cardiac findings

Category 3

(n=11,2%)

ceult cardiovascular disease is the leading cause of

performance of preparticipation screening with history and

sudden death in young athletes (1). C ly, all
major professional medical organizations rec d
preparticipation screening of athletes for underlying car-
diac abnormalities (2—4). Although the mandate to screen
is universal, the puidelines 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

ion 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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Annals of Internal Medicine ARTICLE

Cardiovascular Screening in College Athletes With and Without

Electrocardiography

A Cross-sectional Study

Aaron L. Baggish, MD; Adolph M. Hutter Jr, MD; Francis Wang, MD; Kibar Yared, MD; Rory B. Weiner, MD; ENl Kupperman, BA;
Michael H. Picard, MD; and Malissa J. Wood, MD

Background: Although cardiovascular saeening 5 recommended 2.2%). Screening with history and examination dlone detected ab-
for athletes before partidpating In sports, the role of 12-lead elec- nomnalties In 5 of these 11 athletes (sensitvity, 455% [95% CI,
trocardiography (ECG) remains uncertain. To date, no prospective 16.8% to 76.2%]; spedficty, 94.4% [Cl, 92.0% to 96.2%]). Bec-
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Final Diagnosis Requiring Sport

Athlete TTE Abnormality MH/PE Finding ECG Finding L. . L.
Participation Restriction
1 Bicuspid AoV None
2 Bicuspid AoV None

data that compare sareening with and without ECG
avallable.

Design: Cross-sectional comparison of sareening strategid

smimemme== Conclusion: Adding ECG to medical history and physical examina- | ™=

None

=====1 tion improves the overall sensitivity of preparticipation cardiovascu- | ..

Participants: 510 collegiate athletes who recetved cardy
screening before athletic partidpation.

Each d history andexal

to sports partidpation. The performance of screening wif

srmaeezal [ar screening in athletes. However, this strategy is associated with — [pemermmonesaoss

and examination only was compared with that of screej
Integrated history, examination, and ECG.

None

m=emmezzesd an increased rate of false-positive results when current ECG inter- L conen

ceult cardiovascular disease is the leading : . :
sudden death in young athletes (1). Consequ re a I O n C rI e rl a
major p fessional medical ¢ i izations recc

preparticipation screening of athletes for underly
diac abnormalities (2—-4). Although the mandate

are used.

False Positive Rate of 16.4%

None

Post-viral myocarditis

is universal, the puidelines that delineate screening recom- .

mendations are gr:lot uniform. The American C:%Ilege of Study Design
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- See also:
erable debate (5-7).

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-

Outcomes from a multidecade Italian national study ;
S T I s 270
(8) demonstrate the positive effect of preparticipation )

. . OO Editorial comment. . ... ... ... .. ... ... 324
screening and suggest an important role for ECG. Al- Related article 276
though these observational data have important limitations Sum = Paﬁents """""""""""" 113
(9), they underscore the need for further study of proposed = 7 T n e en e
screening strategies (10-12). Data that define the perfor- Web-Only
mance of screening practices in the United States are Appendix Tables
sparse, and no studies have compared athlete screening by Conversion of graphics into slides
medical history and physical examination only with a strat- Audio summary

egy that includes ECG. For this reason, we examined the
© 2010 Americe Callege of Physicisas | 269
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RV dilation

None

Screening Strategy

MH / PE

MH/ PE + ECG

Annals of Internal Medicine, 152:269-275
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@ Compen st e 001 31,3625 Esc REPORT || Table I  Classification of abnormalities of the athlete’s
- electrocardiogram
Recommendations for interpretation of 12-lead
Group 1: common and Group 2: uncommon and

electrocardiogram in the athlete

& training-related ECG training-unrelated ECG
Domenico Corrado', Antonio Pelliccia?, Hein Heidbuchel?, Sanjay Sharma*, h ha
Mark LinkS, Cristina Basso®, Alessandro Biffi2, Gianfranco Buja', Pietro Delise?, changes changes
lhor Gussac', Aris Anasmakis’, Mats Borjesson'o, Hans Halvor Bjornstad", ................................................................................
Frangois Carre'?, Asterios Deligiannis'?, Dorian Dugmore'4, Robert Fagard?,

Jan Hoogsteen'S, Klaus P. Mellwig', Nicole Panhuyzen-Goedkoop", Erik Solberg*®, Sinus bradycardia T-wave inversion

Luc Vanhees?, Jonathan Drezner'?, N.A. Mark Estes, 1115, Sabino lliceto®, A

Barry ). Maron?’, Roberto Peidro?!, Peter ). Schwartz??, Ricardo Stein?, Fim'degree AV block ST-Segment dePFeSSIOH

Gaetano Thiene®, Paolo Zeppilli?4, and William J. McKenna?® on behalf of the .

Sections of Sports Cardiology of the European Association of Cardiovascular lncomplete RBBB PathOIOglcal Q-Waves

Prevention and Rehabilitation; and the Working Group of Myocardial and Pericardial . . .

Disease of the European Society of Cardiology Early rePOlarlzatlon Left atrial enlargement

O et et . Lo Loy o, Y Coloe Hoghsk L, K g i ot e L5 Do o Isolated QRS voltage criteriafor Left-axis deviation/left anterior
i M oo i thty o A (o gt ki, g (b o . Gy ek Dt : :

s Do Fbmindneny Mg B Roreo. St Py ety of e e P S Pk Aot e Tt left ventricular hypertrophy hemiblock

Grescs; *Wellhas Madical Canter, Stckport, UK: *Dupartment of Canficlagy, Mudims Medical Cantrw, Velchown, Netharsnds; Heart Canter NRW, University Hopits, Bud
Owynhsen, Gamary, “Departmart Grdickgy, Nimegen, The Netherbn: *Dupatmet of Medcne, Dakonbummet Hoapied, Ondo, Nowsy, "Departrant of Fanly

Mudcne, Univentty of Wishingion, Sestte, WA, USA PHypertuphic Cafiomyopaty Carte, Mmuepdls Hexrt it Foundetan, Mnmeapoly, MN, USA *Favalom R|ght.a)(|s deV|at|on/left poste"]Or
Foundstion, Bumnca Aine, Agurting “Departmant of Candiclogy, Fondators RCCS Polke Inico, Sin Mameo, Prvix “Exrcie Pathophysiclagy Remarch Libarstory, Hopid de
Clirican Porto Algre, Forto Algre, Bait *Sporss Madiche Deprtment, haitute of Interrd Madicins ind Gerftdcy, Githolle Univerity of Sacred Hest, Rome, lady; snd *The

Heart Haped, Unienty Cdlge of London, Landen, UK hem|blOCk

Resived 20 fuly 2007, revtend 22 Septambser 200, axeptnd 4 Cetober 2005, ordne fublh-cead ofpene 20 Nowmber 2007

Right ventricular hypertrophy

Cardi r deling n the ditoned atlete is frequently assocated with physiobgical ECG changes. Abnormalities, however, may . . .
be detected which rep premion of an underlyng heart dseme tha puts e athiete at rik of arrhythrmic cardiac arnet during ports. Ventricular pre-excrtatlon
It s mandatory that ECG changes resulting from inemsive physiail traning are distingushed from abnormalites which reflect a potential
cardac pathology. The present artide rep the it ofan mmalpndda:d-ub'nsmdmneéulphp Complete LBBB or RBBB
icans with expertse in the fickk of dectrocardicgraphy, imaging inh d cardi br dsexe, card and mamgy

mtdyum;maﬁ@ThmmMGmwxmnﬁdWWamww .
comect interpretation of 12-ead ECG in the hkte and emeging firg o incomplete p of icheri Long- or short-QT interval
dzease When the ECG of an zthiete is Y the main cbpcive is to distingush b hysologicd pattems that should cuse
noahmmddmthxmqremmdor:dbmimmenﬂde(wmfm)hmmdmummmm N . .
dition carying the risk of sudden death during sports. The aim of the present position paper is to provide 2 famework for ths distinction. Bmgada'hke early rePOIarlntl On
For every ECG abnommality, the document focuses on the ensuing ciinical work-up required for difierental diggnosis and cdinical assessment.
Whmwmmmhr*n:lmbrr& S cati andh L dﬂ::mlaembndlyadd!md

Keywords Athiete’s heart o Cud-urryupdny - Bectoaniogum - len-d\mr:ldume * Sudden dezh e Vemnnhr

fortatin « Vericubr txhyarda RBBB, right bundle branch block; LBBB, left bundle branch block.
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Performance of the 2010 European Society of
Cardiology criteria for ECG interpretation in the athlete

Rory B Weiner," Adolph M Hutter," Francis Wang,? Jonathan H Kim,’
Malissa J Wood," Thomas J Wang,' Michael H Picard,’ Aaron L Baggish'
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2005 Criteria: False Pos. Rate = 16.4%
LIS Tin S ta e 2y Sensitivity Specificity PPV NPV
MH / PE 455 (18.1,75.4) 94.4 (91.9,96.2) 15.0 (5.7,32.7) 98.7 (97.1, 99.5)
MH/ PE + ECG 90.9 (57.1,99.5) 82.7 (79.0,85.9) 10.4 (5.4,18.7) 99.8 (98.4 , 100.0)
2010 Criteria. False Pos. Rate =
ST R 7 Sensitivity Specificity PPV NPV

MH / PE 45.5 (18.1,75.4) 94.4 (91.9,96.2) 15.0 (5.7,32.7) 98.7 (97.1, 99.5)

MH/ PE + ECG 90.9 (57.1,99.5) 91.3 (88.7,95.9) 6.5 (5.4,18.7) 100.0 (100.0 , 100.0)

Weiner et al. Heart 2010
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Early Repolarization Pat

Clinical Correlates and the

Peter A. Nosewocthy, MID; Rory Weiner,
Francis Wang, MD; Brant Berkstressed
Thomas J. Wang, MID); Michae! H. Piq}

Christopher Newtoa-Chely, MD,

Backpronad—Infarior lead carfy repolartration patiem (FRE
Althosgh ERP Is common amoeg athietes, prevalence, F(
physical ireining main snoarais. We sooght 10 examing

Methods and Results —FERP wis ssessad in 2 cross-saction
batwoon ERRP and candiac strecium were Lhen examised in
period of exarcise irsinieg. ERP was dofised s J-point of

lerriory (isferior (11, 1, aVF] or hlerad torilory L aVL,
of athfctos, Be ifertior subtype is 33 (33
prvaicoce of ERP aod the isfodor sebtype, bet hore
of ket Inz
S24; 95% (O, 354 0 9.61; rmmn Increasad QRS woll
haart rate (OR, 1.54; 95 CL, 1.26 Ib 157, P<0001).
i ERP, g lhe inforior sul
compotitive sthisies The Mqo(m ERP
amsoctation betwoen eaorcise and ERP. (Girc Arrhyliee
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Athletic training in male biack sthletes
hypertrophic cardiamyomthy (HCM)
presalence of exercisereized sudden
Between 1996 and 2010, 904 BAs
Athletes exhibiting T-wave nversond
WA=, 119 blxck controls (BCs), and §
Tewawe inversions were present in 82§
major determirant of T-wave inversiod
confined to contiguous anterior leads
contrast, both BCs and HCM mtients o
respectively) with most T-wave invers
BA survived ardac arrest and two atf
wave inversions in the iterd leads

and results

Towawe inversions in leads V1-V4 ppef
sicns in the hteral leads may represen
ation and regular survelfance.

Athlete’s heart o Echocardiography

Introduction
Particmton n reguar, imensve exercise i with rf

Significance of Electrocardiographic

Block in T

Jomathan H. Kim, MD®, Peter A. Noseworthy, MD®,
Francis Wang, MD®, Malissa J
Michas] H. Picard. MD*, and

Rory Weiner, MD*,
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ORIGINAL ARTICLE

Echocardiographic findings in 2261 peri-pubertal

athletes with or without inverted T waves at

electrocardiogram

Leonardo Calo," Fabio Sperandii,'? Annamaria
Elena Calarrena, 34 Federico Quarama ! Ermen
Attilio Parisi,” Antonia Nigro,® Antonio Spataro,

ABSTRACT

Objective Twaw inversion (TWI) has been associated
with adiomyopathies. The hypothesis of this study was
that TWI has slevant clinkal significance in pes-
pubertal athites.

Methods Consecutive male soccer players, aged

8-18 years, undergoing preparticipation sceening
between January 2008 and March 2009 were envolled.
Medical and family histories wes collected; physical
eaminatons, 12-ead ECGs and ransthomcic
ecocardiogam (TTE) were performed. TWI was
teqodsed by ECG lead (anterior (V1-V3), extendad
anterior (V1-V4), infesior (DI-aVF) and infero-latesal
(DI-aVFNVA-VE/DI-aVL)) and by age.

Results Ovesll, 2261 (mean age U_AM 100%
Cauasian) atletes wem enmlled. TWI in >2
@mseartive ECG kads was found in 136 athletes
(6.0%), mastly in anterior leads (126/136, 92.6%). TWI
in anterior leads was assodated with TTE abnormalities
in 6/126 (4.8%) athletes. TWI in extended anterior
(2136, 1.5%) and inferior (3/136, 2.2%) leads was
never associated with abnomnal TTE. TWI in infero-Lateral
leads (5/136, 3.7%) was assocated with significant TTE
abnormalibes (375, 60.0%), induding one hypertmphic
@xdomyapathy (HCM) and two LV hypertmphies.
Athletes with normal T waves had TTE abnomnaliities in
4.4% of @ses, including one HCM with deep Q waves
in infern-beral leads.

Conclusions In this bmad populaton of peri-pubertal
mak athites, TW! in antesior leads was associated with
mild @rdiac disease in 4.8% of cases, while Wl in
infer-latera| leads revealed HOM and LV hypertrophy n
60% of @ses. ECG identified all cases of HOM.

INTRODUCTION

The prevalence and clinical significance of T wave
nversion (TWI) at ECG in young athletes has been
a2 subject of investigation.”™ Previous studies have
shown that TWlmlnk Vi Vluula:wlynu

Vi3S m;mwamhbmw
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mﬁ‘:‘{:‘:bﬁ’:‘ L om $9-1.8% of postpubertal Caucxsian sthletes,*

Pubizhed Onipe Free and inverted T waves confined ® Lteral leads were

(e include Day Moot observed in 0.19%-0.3% of young athletes* *

Yeur] 101136002 | Akhough independent from training relsted physio-
201430610 logical cardiac remodelling,” * in the absence of

B"l Cod L etal Meart 2014018 do2 101135 heatpl-2014 306
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ECG findings in competitive rowers: normative
data and the prevalence of abnormalities using
contemporary screening recommendations

Meagan M Wasfy,' James Deluca,' Frands Wang,? Brant Berkstresser,?
Kathryn E Ackerman,®# Aaron Eisman,' Gregory D Lewis," Adolph M Hutter,

Rory B Weiner," Aaron L Baggish'?

ABSTRACT

Progam,
e o, Bana
Mozxchusess,
“Horvand Unieraty u-ln
Senvices, Cambriige,

1)

goveming body for
compEttive mgmmmmm:u
12-12ad £CG dusng pepartapaton sosening. We
ferfor sought to desabe normatee ECG

*twidon of Spas Medicine,
Boxan Childen’s Hospid,

and to examine the prsalence of
sbnormal ECG findings as definad by contempory
ahlee E(G integratation otesa among competive
owers.

Methods Competitve mwers (n=330, 56% male)
undeswent standand 12-ad ECG at e tme of
ulqmewqaxpm soeening. ECGs wes analysed
nomatve

Acoepnd 16 fugiz 204

To dte: Wady WA,
Deluca ), Wang £, et al Br)
s Med Publihed Onine
vz [phaz nclide
Manth Yex] da-10.1138
014

mnmbrmmedmm-‘
acordance with e 2010 Ewnpsan Socety of
Cardiology (ESC) mcommendations and 2013 “Seatfe
Gieda’

Results 94% of owes had ane or mom taining-
relted ECG patiems incuding sinus bradycarda (51%),
sinus amhythmia (55%), and incomplete right bundie
banch biock (42%). Males wes mame Bkely than
females to have isolated woltage crenia for eft
ventricular yparvophy (LVH) (51% vs 8%, p<0.001)
and early mpolassaton paem (6% w 23%,
p<0.001). Appiication of fhe 2010 ESC cimda,
compared to e Sestfle citenia resuited inthe
dassificaton of a significanty greater number of
abnormal ECGs (47% vs 4% p<0.001). The detersion
of yue pahalogy, accomplished by both inep=taton
oiteria, wes confined © 3 single case of ventiaular pre-

exdton.

Conclusions Tmining-=ated ECG patiems with savesl
gender-based dfiesences are common amang
compettive owers. The diagnastc acumcy and down-
steam dinical mplicatons of ECG-indushe
prEpatiopaton sceenng amaong owes wil be dicated
by $e choice and furwe mfinement of ECG
neqraaton oieda.

INTRODUCTION

Ocuk cardiovascular disese i the leading cause

of sudden death among competitive athletes.’ *
The majority of ardiovascilar disorders respon-
sible for sudden death during sport may be identi-
fndbydm«mnalﬁ:dmgondwllJeldECG”
ECG is therefore d during the

(FISA), the intenasional governing body for com-
petitive rowing, recendy mandaed ECG-indusive
plzpamupm‘m screening prior © international
regatas’
ﬂ:hmndapmxpmdbmuofmmxm

competitive
rowers. Several lxge cossseciond smdies have
described corollary ECG findings in trained ath-
lew<™* and have led to the concept of ‘training-
relzed ECG patemns.” However, rowers constitte 2
minority of the xhlews represented in these smdies
and have only been specifically examined in small
cohorts."**¢ As such, there are relzively limited da
defining the spartspedfic spectrum of ECG findings
among compesitive rowers.

‘We therefore performed 2 comprehensive analysis
of ECG findings in 2 szable cohort of compesgve
rowers with two distinct yet complementary goak.
First, we saught to develop 2 normative daahase of
ECG pagerns in this popubision Semnd, we aimed
to examine the prevalence of abnormal ECG find-
ings as defined by contemporary ariteria that have
been level for ECG interpremtion in

METHODS

Study design

We wilised 2 cross-secional and longimdinal study
design to examine the ECG characeristics and clin-
icd follbowup of collegize rowers at Harvard
University. The Harvard University crew & 2 com-
petitive programme that routinely xtracs inter-
nationd calbre man and woman rowers from
across the workl. Participants were enrolled over
consecutive years (2006-2013) during preparticipa-
tion screening sessions conduced within the
Harvard Athlete Initiative (HAI). The HAI & 2
raexch colkborzion davwd to fcilitae :he
sundy of ard lar heakh =d physiol
student athletes. Participants comsised of nz-dy
maricilated male and female rowers 218 years of
age. Demographic informasion inchiding age, self-
reported ethnicity, munty of origin, preseason
training volume, height and body masms were
obuimdfotex:hwidwu.Nnt,uchw

aimmzenlm of:ympomncxhlenmd
s wed during preparticipaion screen-
ing. Fédération Inermationale des Sociétés d"Aviron

| screen-
ing medical hisory and physicd examination hased
on crrent Amencan College of Cardiology md
American Heart Association recmmendasions,

Cardiovascular
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Identify Key Sources of ECG Variability
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International Recommendations for @

Electrocardiographic Interpretation
in Athletes

Sanjay Sharma, MD,™ Janathan A. Drezner, MD,™* Aaron Baggish, MD,” Michae] Papadakis, MD,”

Mathew G. Wikon, PuD,* Jordan M. Prutkin, MD, MHS,” Andre La Gerche, MD, PuD,” Micha el 1. Ackerman, MD, PuD *

Mats Barjessan, MD, PuD),* Jack C. Salerno, MD,' kfan M. Asif, MD,’ David S. Owens, MD, MS,"
Eugene H. Chung, MD, MS," Michael S. Emery, MD," Victar F. Froelicher, MD,™ Hein Heidbuchel, MD, PuD,™
Carmen Adamuez, MD, PuD,” Chad A. Asplund, MD,” Gardan Cohen, MD,? Kimberly G. Harman, MD,”

Joseph C. Marek, MD,” Silvana Molossi, MD," Jasef Nichauer, MD, PuD,’ Hank F. Pelto, MD,” Marco V. Perez, MD,*

Natlan R. Riding, Pul),* Tess Ssarel, MD,” Christian M. Schmied, MD,” David M. Shipon, MD,*
Ricardo Stein, MD, ScD,” Vicioria L Vetter, MD, MPH,” Antonio Pelliccia, MD, ™ Damenico Carrado, MD, PuD™
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Normal ECG Findings

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes

T wave inversion V1-V3
age <16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

1° AV block

Mobitz Type 1 27 AV block

No further evaluation required

in asymptomatic athletes with no
family history of inherited cardiac

disease or SCD

In isolation

il T

FIGURE 1 International Consensus Standards for Electrocardiographic Interpretation in Athletes

2 or more

Abnormal ECG Findings
T wave inversion
ST segment depression
Pathologic Q waves
Complete LBBB
QRS = 140 ms duration
Epsilon wave
Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
<30 bpm
PR interval = 400 ms
Mobitz Type Il 2° AV block
3° AV block
=2 PVCs
Atrial tachyarrhythmias
Ventricular arrhythmias

Further evaluation required

to investigate for pathologic
cardiovascular disorders associated
with SCD in athletes

AV = atrioventriular block; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; RBBB = right bundle branch block;
RVH = right ventricular hypertrophy; PVC = premature ventricular contraction; SCD = sudden cardiac death.
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T wave inversion V1-V4 in Shen Ei ‘ ‘ Sa ‘ i

black athletes e : -
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23 y.o. Black Female roime
Sprinter / Hurdler

Referred by: 031680 BAGGISH MD onically|Signed Bf PR S DO NOT READ

Normal ECG Findings

Increased QRS voltage for

LVH or RVH

Incomplete RBBB ﬂ %
WW Jod

Early repolarization/ST I
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes ﬂ

T wave inversion V1-V3

age <16 years old
Sinus bradycardia or
arrhythmia ﬂ
Ectopic atrial or junctional

rhythm M
17 AV block
MOUtZ Tym I 2. Av bIOCk iSmm/s 1 mV  40Hz |80SP2 12SL241 CID:0 :240 EDT: 13:21 ]19- -
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26 y.o. White Female
Long Distance Runner

Normal ECG Findings

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes

T wave inversion V1-V3
age <16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

17 AV block

Mobitz Type | 27 AV block

Pre-participation Screening

25-SEP-1976 (38 yr) Vent. rate
Male Caucasian PR interval
T2in 19016 QRS duration
Room: QT/QTc
Loc:46 P-R-T axes

Technician: ED
Test ind:V71.7
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40 BPM SINUS BRADYCARDIA
170  ms INTRAVENTRICULAR CONDUCTION DEFECT
114 ms OTHERWISE TRACING IS WITHIN NORMAL LIMITS

Referred by: 031680 Electronically Signed By: AARON L. BAGGISH, M.D.

i
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31 y.o. Black Male L ‘ - s
Marathoner e

J0 L A% ) T 1 I
a1 vm 7 v v 1 X 2 E ur
e 7
e T 7 T

.
-
=

Normal ECG Findings

Increased QRS voltage for
LVH or RVH

Incomplete RBBB

Early repolarization/ST
segment elevation

ST elevation followed by
T wave inversion V1-V4 in
black athletes

T wave inversion V1-V3

age <16 years old

Sinus bradycardia or
arrhythmia

Ectopic atrial or junctional
rhythm

17 AV block

Mobitz Type | 27 AV block
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27 y.o. Black Male

i 1
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Normal ECG Findings i i i e o \f \ \ i i

=
-~
L

Increased QRS voltage for

Incomplete RBBB

Early repolarization/ST

=

segment elevation e e

ST elevation followed by e S

T wave inversion V1-V4 in

SRS

NN gLt e i i N
black athletes i V \ N

T wave inversion V1-V3

age <16 years old ]

Sinus bradycardia or SR \ R j&' : e 9 A i

arrhythmia

=HEN

Ectopic atrial or junctional

rhythm ]

1° AV block Pa\ A A A \ A

Mobitz Type | 2° AV block e

25mm/s  10mm/mV  150Hz 00SE 12SL237 CID:1 EID:202 EDT: 11:13 16-JUL-2008 ORDER:
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22 y.o. White Male
Discus Thrower

Abnormal ECG Findings

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS = 140 ms duration
Epsilon wave

Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
< 30 bpm

PR interval = 400 ms
Mobitz Type Il 27 AV block
3" AV block

>2 PVCs

Atrial tachyarrhythmias
Ventricular arrhythmias
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Med: None
Referred by: TREADWAY IMA Confirmed By: DR. TREADWAY IMA 4
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21 y.o. White Male e G . 10080
XC Runner e E e

I

%

V4
Abnormal ECG Findings WWW /Hﬁ
o aVL 2 Vs

« T wave inversion
bt

f

« ST segment depression

« Pathologic Q waves j
AR
« QRS = 140 ms duration i
« Epsilon wave
Ventricular pre-excitation ﬂ
Prolonged QT interval

Brugada Type 1 pattern

Profound sinus bradycardia

<30 bpm H
PR interval = 400 ms i

Mobitz Type Il 2° AV block

3" AV block ﬂ
>2 PVCs

Atrial tachyarrhythmias Vs

Ventricular arrhythmias 25mm/s  10mm/mV  40Hz 005C 12SL233 CID:1 EID:202 EDT: 10:45 11-JUN-2004 ORDER:
Page 1 of 1
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29 y.o. Black Male
Shotput Thrower

Abnormal ECG Findings

T wave inversion

ST segment depression
Pathologic Q waves
Complete LBBB

QRS = 140 ms duration
Epsilon wave

Ventricular pre-excitation
Prolonged QT interval
Brugada Type 1 pattern
Profound sinus bradycardia
< 30 bpm

PR interval = 400 ms
Mobitz Type Il 2° AV block
3" AV block

>2 PVCs

Atrial tachyarrhythmias
Ventricular arrhythmias
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Indeed, the “Athlete’s ECG” can be dramatic......

Practical Considerations about the 12-lead ECG

 Technique matters, first thing to consider is whether finding is a technical issue
/ Pre-test probability defines response to findings
./ ECG’s in isolation are of limited value # CLEARANCE
./ Diagnostic Criteria have been developed to help with this process

/ Consistency is key and requires repetition and systematic approach
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Practice %M
. * Makeo (Ff e
Discuss ,Wf;, p
. what {1l aml wh.l
Work with Experts i JMM
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We will never be perfect, so let’s be ready!
CPR/AED Training for All Rehearsed Emergency Action Regional Referral Centers and
Athletes and Stakeholders Plan for Cardiac Arrest

Uploaded Cardiac Information

+ |

Physician Leaders in the Community Have a Responsibility and an Opportunity
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