Lékatska
i fakulta
FAKULTNI NEMOCNICE W 7 ,
OLOM O U C ggv;r“zcl,tiil’alackeho

Riziko nanle smrti

KOMPLEXI\_H
AAAAAAAAAAAAAAAAAAAAAAA



Nahla smrt v béiné populaci x u sportovcu

SCDA

SCD

= Neselektovana populace m Sportovci

Lékarska fakulta

it T b . INTERNT KLINIKA
7 @ KARDIOLOGICKA
FAKULTNI NEMOCNICE OLOMOUC

= UY

KARDIOVASKULARNI CENTRUM
FAKULTNI NEMOCNICE OLOMOUC




e Athletes appear at excessive risk of SCD compared with
similaraged non-athletes.

* The annual incidence of SCD in young athletes (<35 years) is
estimated to range from 0.7 to 3.0 per 100 000 athletes.

* |n older athletes the incidence is higher and is expected to
increase with age.

* The intensity of the activity and the age of the athlete are
core risk factors.

Corrado D, Basso C, Rizzoli G, Schiavon M, Thiene G. Does sports activity enhance the Q?
risk of sudden death in adolescents and young adults? J Am Coll Cardiol 2003;42:1959— i
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Obecné pfi¢iny umrti u atletu v USA: 2004 -2008
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P¥iciny ndhlé srdeéni smrti v souboru 1866 atletu

unresolved 8% HCM 13.5%

others (non-cardiac) 10% (possible) HCM 3.1%

Coronary Anomaly 6.4%

Myocarditis 2.2%

ARVC 1.6%
lon-Channel Dis.1.3%

Mitral Valve Prolapse
1.3%
yocardial Bridg. 1.2%

CAD 1.2%

Trauma 22% Aortic Dissect. 1.0%

Aortic Stenosis 0.9%
Dilat. Cardiomyopathy 0.8%
WPW Syndrome 0.6%

Commotio cordis 3.0% considered cardiac 20% others (cardiac) 1.9%




Data o incidenci NSS u atletu a adolescentu

Study Ref. Study design and Incidence
population reporting system (person-years)
US Military Eckart Retrospective, 1:9000

(age 18-35) et al.*’ mandatory

Italian Athletes Corrado  Prospective, 1:25,000
(age 12-35) et al'® mandatory
US Adolescents Atkins Prospective, EMS 1:27,000
(age 12-19) et al.*°
US Children Chugh Prospective, EMS/ § 1:58,000
(age 10-14) et al.*? Hospitals
US Athletes Maron Retrospective, 1:160,000
(age 12-35) et al."” public media
reports




Epidemiologie NSS u sportovcu

Table 1 Incidence studies in general populations of atheltes
Exertional Number of
deaths of SCDor  Years Number Age  Mean cardiac
Author  Year Country Study design Case identification ~ Denominator all? SCA+SCD  studied Populationfl Incidence of years range age  deaths
Van 1996 USA Retrospective  National Center for 17 most popular sports, participants in Exertional SCD 1983-1993  College 1:300 000 10 17-24 17 100
Camp®' cohort Catastrophic Injury NCAA, NFHS, NAIA, NAJC, added athletes
Research and media  together, conversion factor to account high school
database multisport athletes used 'based on
discussions with representatives from the
national organisations’. 1.9 for high school
and 1.2 for college
Maron®® 1996 USA Retrospective  US Registry for Sudden ‘Unavoidable selection bias and certainly Al SCD 1985-1995  Athletes = 10 12-40 17 134
cohort Death in Athletes significantly underestimate’
Maron® 2003 USA  Retrospective  US Registry for Sudden Not possible bic of selection bias Al SCD 1985-2000  Athletes N 25 940 17 286
cohort Death in Athletes
Comado™ 2003 Italy  Prospective  Mandatory death Registered Italian athletes Al SCD 1979-1999  Athletes 1:47 600 20 12-35 23 55
cohort study  reporting young athlete
1:142 900
young people
Maron® 2009 USA Retrospective  US Registry for Sudden  Estimated 10.7 million athletes <39 All SCA+SCD  1980-2006  Athletes 1:163 934 27 839 18 690
cohort Death in Athletes participating in sports during 2000-2006
(method not described)
Holst® 2010 Denmark Retrospective  Review of death Denmark population statistics All and SCD 2000-2006  Athletes 1:82 645 SrSCD g7 12-35 26 15 SrSCD
cohort certificates—then sports related young 1:26 595 470 SCD
autopsies if available general pop
—15 sports related
SCD (SrSCD)
Steinvil® 2011 Israel Retrospective  Retrospective review of 45 000 registered competitive athletes in Al SCD 1985— Athletes 1st— 24 1244 24 24
cohort two Israeli newspapers 2009, extrapolated the growth of the 19971 998 1:393 702nd—
by two media Israeli population age10-40 since 1985 —2009 1:37 593
researchers based on that figure and allowed for a
presumed doubling of the sporting
population

SCA, sudden cardiac amrest; SCD, sudden cardiac death.




Rizika NSS u ruznych sportovnich odvétvi
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Hlavni pfi¢iny umrti u mladych kompetetivnich atletu

1. HCM 36 %
. ARVC 4 %
. Aterosklerodza 20 %

. Vrozené anomalie 17 %
koronarnich tepen

5. Myokarditis 6 %

. Geneticky podmin. 17 %
arytmie
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Anomalie koronarnich tepen

e 15 lety hrac fotbalu, 1 rok pred NSS
synkopa, nevysetren

* EKG 1 M pred umrtim v ramci
preparticipacniho srreeningu
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NSS u 38 letého zcela asymptomatického atleta




Prevalence ICHS u atletu s NSS

Ref. Population Prevalence
(%)
----------------------------------------------------------- f ------------w---
Fuller et al.”® 5617 high school athletes (USA) | 0.4
Corrado 42,386 athletes age 12-35 (ltaly)| 0.2
et al'
Wilson 2720 athletes and children age 0.3
et al*’ 10-17 (UK)
Bessem 428 athletes age 12—-35 0.7
et al.”® (Netherlands)
Baggish 510 collegiate athletes (USA) 0.6
31
et al. \ y
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. Dehydratace

. lontova dysbalance

. Adrenergni zatez

.Zmeény acidobazické rovnovahy
. ZvysSeni natriuretickych peptidu
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a troponinu u maratonskych bézcu

. Subklinicka zanétliva odpovéed ve
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U atletu dochazi ke zvétSeni objemu sini.

* Mirna dilatace levé siné je zpravidla benigni, avsak
dilatace vétSiho stupné muze predisponovat ke vzniku
fibrilace sini.

* Mirna zatéz u jedincu stredniho a vyssiho véku riziko
fibrilace snizuje.

e Vysoka zatez a dlouhodoby sklon k bradykardii mohou
byt ve srovnani s obecnou populaci spojeny v pruméru
az s 3-10 x vyssim rizikem.

Mozaffarian D. Circulation 2008;118:800-807. g‘?
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Davka sportovniho zatiZzeni jedince: Vice nemusi byt
nutné lépe ...

ALL-CAUSE MORTALITY
DOSE OF JOGGING PARTICIPANTS  DEATHS FOREST PLOT

NO. OF

Adjusted for age and sex I

Sedentary nonjogger (reference) 413 128 +

Light jogger 576 7 - |

Moderate jogger 262 8 —o— |

Strenuous jogger 40 2 b .i > 3.67
Adjusted for age, sex, smoking, :
alcohol intake, education, and diabetes |

Sedentary nonjogger (reference) 394 120 ?

Light jogger 570 7 HO— |

Moderate jogger 252 8 ———

Strenuous jogger 36 2 I 4 @ = 8.14

|
00 05 10 15 20 25

Hazard Ratio




Cardiac screening should be adapted to the age
of the athlete to account for age-specific risk factors




Jak skutecné efektivni je preparticipacni screening ?

l

T e

negative findings

positive findings

_ further examinations
(echo, stress test, 24-h Holter,
cardiac MRI, angio/EMB, EPS)




EKG zmény KV onemocnéni jako pFi¢iny NSS
detekovatelné v ramci preparticipacniho screeningu

Disease QTc interval P-wave PR interval QRS complex ST interval T-wave Arrhythmias

Hypertrophic Normal (left atrial Normal Increased voltages in mid-left precordial  Down-sloping Inverted in mid (atrial fibrillation); (PVB); (VT)
cardiomyopathy enlargement) leads; abnormal ‘q" waves in inferior (up-sloping) left-precordi

and/or lateral leads; (LAD, LBBB); leads; (giant #hd
(delta wave) negative in tl
‘apical’ variarf§l)

Arrhythmogenic right Normal Normal Normal Prolonged =110 ms in right precordial ~ (up-sloping in right Inverted in righ PVB with a LBBB pattern;
ventricular leads; epsilon wave in right precordial precordial precordial lefds (VT with a LBBB pattern)
cardiomyopathy/ leads; reduced voltages <0.5 mV in leads)
dysplasia frontal leads; (RBBB)

Dilated cardiomyopathy ~ Normal (left atrial (prolonged LBBB Down-sloping Inverted in inferfor  PVB; (VT)

enlargement) >0215s) (up-sloping) andfor latera)
leads

Myocarditis (prolonged) Normal Prolonged >=0.21's (abnormal 'q" waves) Down- or Inverted in =2 (atrial arrhythmias); (PVB);

up-sloping leads (2nd or 3rd degree AV
block); (VT)

Long QT syndrome Prolonged 440 ms  Normal Normal Normal Normal Bifid or biphasifin (PVB): (torsade de pointes)

in males; >460 ms all leads
in females
Brugada syndrome Normal Prolonged >=0.21's $152S3 pattern; (RBBB/LAD) Up-sloping Inverted in righ (polymorphic VT); (atrial
‘coved-type’ in precordial lefds fibrillation) (sinus
right precordial bradycardia)
leads
Lenégre disease Normal Normal Prolonged =0.21 s RBBB; RBBB/LAD; LBBB Normal Secondary chanfles (2nd or 3rd degree AV block)
Short QT syndrome Shortened <<300ms  Normal Normal Normal Normal Normal Atrial fibrillation
(polymorphic VT)

Preexcitation syndrome ~ Normal Normal Shortened Delta wave Secondary Secondary chanfles Supraventricular tachycardia;
(WPW) <012s changes (atrial fibrillation)

Coronary artery diseases  (prolonged) Normal Normal (abnormal ‘g’ waves) (down- or Inverted in =2 PVB; (VT)

up-sloping) leads




Klasifikace EKG abnormalit u atletu

ECG abnormalities
in the athlete




N ut n OSt Sta n d a rd izova n é Table 1 Abnormal ECG findings in athletes

Abnormal ECG finding Definition

[ ]
N [ Y T-wave inversion >1 mm in depth in two or more leads V2-V6, Il
. u u [ and aVF, or | and aVL (excludes IIl, avR and V1)

ST segment depression >0.5 mm in depth in two or more leads
a Q Pathologic Q waves >3 mm in depth or >40 ms in duration in two or
Seattle cr.te r.a more leads (except for lll and aVR)
Complete left bundle QRS >120 ms, predominantly negative QRS
branch block complex in lead V1 (QS or rS), and upright

monophasic R wave in leads | and V6

Box 1 Normal ECG fmdmgs in athletes Intraventricular conduction ~ Any QRS duration >140 ms

delay
1. Sinus bradycardia (> 30 bpm) Lettiaxis/deviation =30%to =007 ) ;
2. Sinus arrhythmia Left atrial enlargement Prulunged P wave dura?lon of >120 ms in leads | )
5 Eewnea rhythm or Il with negative portion of the P wave >1 mm in
. P depth and >40 ms in duration in lead V1
4. Junctional escapg rhythm Right ventricular R—V1+5-V5>10.5 mm AND right axis deviation
5. 1° AV block (PR interval > 200 ms) hypertrophy pattern >120°
6. Mobitz Type | (Wenckebach) 2° AV block Ventricular pre-excitation PR interval <120 ms with a delta wave (slurred
7 |ncomp|ete RBBB upstroke in the QRS complex) and wide QRS
8. Isolated QRS voltage criteria for LVH o (PO
» Except: QRS voltage criteria for LVH occurring with L a0 itz (g%‘:ga";fs('(‘;::lle)
any non-voltage criteria for LVH such as left atrial QTc=500 ms (marked QT prolongation)
enlargement, left axis deviation, ST segment Short QT interval® QTe<320 ms

depression, T-wave inversion or pathological

Brugada-like ECG pattern  High take-off and downsloping ST segment
Q waves

elevation followed by a negative T wave in >2

9. Early repolarisation (ST elevation, J-point elevation, J-waves leads in V1-V3

or terminal QRS slurring) Profound sinus bradycardia <30 BPM or sinus pauses > 3 s
10. Convex (‘domed’) ST segment elevation combined with Atrial tachyarrhythmias Supraventricular tachycardia, atrial-fibrillation,

T-wave inversion in leads V1-V4 in black/African athletes i

Premature ventricular >2 PVCs per 10 s tracing
ok < contractions

These common training-related ECG alterations are ) ' ) ' :

= < 2 = = Ventricular arrhythmias Couplets, triplets and non-sustained ventricular
physiological adaptations to regular exercise, considered tachycardia

normal variants in athletes and do not require further
evaluation in asymptomatic athletes.

AV, atrioventricular; bpm, beats per minute; LVH, left
ventricular hypertrophy; ms, milliseconds; RBBB, right bundle
branch block.

Note: These ECG findings are unrelated to regular training or expected
physiological adaptation to exercise, may suggest the presence of
pathological cardiovascular disease, and require further diagnostic evaluation.
*The QT interval corrected for heart rate is ideally measured with heart rates of
60-90 bpm. Consider repeating the ECG after mild aerobic activity for borderline or
abnormal QTc values with a heart rate <50 bpm.
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Doporuceni ESC pro prevenci NSS u sportovcu
Recommendations | Class | Level

.

Careful history taking to uncover underlying cardiovascular disease,
rhythm disorder, syncopal episodes or family history of SCD is
recommended in athletes.

Upon identification of ECG abnormalities suggestive of structural heart
disease, echocardiography and/or CMR imaging is recommended.
Physical examination and resting 12-lead ECG should be considered for
pre-participation screening in younger athletes.

Middle-aged individuals engaging in high-intensity exercise should be
screened with history, physical examination, SCORE and resting ECG.
Staff at sporting facilities should be trained in cardiopulmonary
resuscitation and on the appropriate use of automatic external lla
defibrillators.

C
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CMR = cardiac magnetic resonance; ECG = electrocardiogram; SCD = sudden cardiac Q?
death; SCORE = Systematic Coronary Risk Evaluation. KOMPLERHI
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Indications for autopsy and molecular autopsy in

sudden death victims
Recommendations | Class | Level |

An autopsy is recommended to investigate the causes of sudden death
and to define whether SCD is secondary to arrhythmic or non- C

arrhythmic mechanisms (e.g. rupture of an aortic aneurysm).

Whenever an autopsy is performed, a standard histological examination
of the heart is recommended and it should include mapped labelled c
blocks of myocardium from representative transverse slices of both

ventricles.

The analysis of blood and other adequately collected body fluids for
toxicology and molecular pathology is recommended in all victims of C

unexplained sudden death.

Lékarska fakulta

Priori SG. European Heart Journal (2015) 36, 2793-2867. c? Uikt L TERNT KUK
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A/ACC Scientific Statement

Barry J. Maron, MD, FACC, Co-Chair; Douglas P. Zipes, MD, FAHA, MACC, Co-Chair;
Richard J. Kovacs, MD, FAHA, FACC, Co-Chair: on behalf of the American Heart Association
Electrocardiography and Arrhythmias Committee of the Council on Clinical Cardiology. Council on
Cardiovascular Disease in the Young, Council on Cardiovascular and Stroke Nursing, Council on
Functional Genomics and Translational Biology. and the American College of Cardiology

his document addresses medical issues related to trained

athletes with cardiovascular abnormalities. The objective
is to present, in a readily useable format, consensus recom-
mendations and guidelines principally addressing criteria for
eligibility and disqualification from organized competitive
sports for the purpose of ensuring the health and safety of
young athletes. Recognizing certain medical risks imposed on
athletes with cardiovascular disease, it is our aspiration that
the recommendations that constitute this document will serve
as a useful guide to the practicing community for clinical deci-
sion making. The ultimate goal is prevention of sudden death
in the young, although it is also important not to unfairly or
unnecessarily remove people from a healthy athletic lifestyle
or competitive sports (that may be physiologically and psy-
chologically intertwined with good quality of life and medical
well-being) because of fear of litigation. It is our goal that the
recommendations in this document, together with sound clini-
cal judgment, will lead to a healthier, safer playing field for
young competitive athletes.

Eligibility and Disqualification Recommendations for

Preamble, Principles, and General Considerations

A Scientific Statement From the American Heart Association and
American College of Cardiology

Historical Context

There have been 3 prior documents, all sponsored by the
American College of Cardiology (ACC),'~ that addressed
eligibility and disqualification criteria for competitive ath-
letes with cardiovascular diseases: Bethesda Conferences 16
(1985). 26 (1994). and 36 (2005), published and used over
a 30-year period. Each of the 3 initiatives (and the present
American Heart Association (AHA)/ACC scientific state-
ment) were driven by the tenet that young trained athletes
with underlying cardiovascular abnormalities are likely at
some increase in risk for sudden cardiac death (usually on the
athletic field) compared to nonathletes or competitive athletes
without cardiovascular disease.**

All 3 Bethesda Conferences and the present derived AHA/
ACC document provide expert consensus recommendations.
These insights use (1) the experience and expertise of the pan-
elists (ie, individual and collective judgments, using the “art of
medicine™) and (2) available scientific evidence that estimates
the medical risk in athletes with underlying acquired, genetic,



Recommendations for cardiovascular
evaluation of middle-aged/senior active
individuals engaged in leisure time sport — - S ——

activity activity activity

activities 1
Assessment of risk
(self- or by non physician)

Screening by physician
* History

* Physical exam
+ Risk SCORE
* Rest ECG

[ Negatve ] [ Posicve ]

!

Max exercise
testing
[ Negative ] [ Positive ]

7 !

[ Eligible for moderatefhigh ] Further evaluation,

Eligible for low
intensity physical
activity

exercise training appropriate

treatment and
individually

prescribed PA
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Je italsky model preparticipacniho screeningu
v regionu Veneto skutecné reprodukovatelny ?

45 w— Athletes
« = = »« Nonathletes

40
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Sudden death per 100,000 person-years

T T T T T T T T T T T 1
1979~ 1981- 1983- 1985- 1987- 1989 1991- 1993- 1995- 1997-' 1999~ 2001- 2003
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Years




e 785 athletes ages 35-56 years engaged in high-
intensity sport

* A new cardiovascular abnormality was established in
2.8% of athletes and the cost was $199 per athlete.

* The authors concluded that the overall evaluation
seems to be feasible with a reasonable cost

Menafoglio A. Cardiovascular evaluation of middle-aged individuals engaged in high- Q?
intensity sport activities: implications for workload, yield and economic costs. Br J oLl
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Olympic
athletes

cv
abnorm.

4:02%) (1:04%) (45:1.92) (4: 0.2%) (10 0.4% @

CMPs 4 coronary  Valvular and Peri- Syst.  Complex SV/V

(HCM 2, artery Congenital myocardi Hyperten arrhythmias &
ACM 2) disease : tis sion cond. defects
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Paralympic
athletes

No CV
abnorma

Aortic ectasia Valvular disease Hypertension Complex SV. or
(HCM 1; DCM 2) (#1, surgery) (MVP 4,BAV 3) (#7,ondrugs) V. Arrhythmias
(#1, RF ablation)
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Sudden cardiac death in young athletes is rare.

Exercise is a trigger for SCD in predisposed athletes.

Early diagnosis of cardiac pathology is challenging in

some athletes.

Pre-participation screening with ECG identifies
athletes with CMP and OD

Early CPR and AEDs save lives in sport.
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. Vyuka trenéru, zameéstnancu a hracu v KP resuscitaci
. Umeét pracovat s AED a aktivovat RZP

. Screeningové programy, které budou spravneée
interpretovat sportovni EKG a nebudou zbytecné
traumatizovat sportovce/rodice déti

. Nepodléhat komerénim programum s plosnym echo
screeningem a dalsSimi neindikovanymi vysetrenimi
biliir;l;:t:,all’(;l::keho " . INTERNT KLINIKA
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