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TABLE 2. CAUSES OF SUDDEN DEATH IN ATHLETES
AND NONATHLETES 35 YEARS OF AGE OR LESS
IN THE VENETO REGION OF ITALY, 1979 TO 1996.

ATHLETES  NONATHLETES TortaL
Cause (N=49) (N=220) (N=269)

number (percent)

Arrhythmogenic right ventricular 11 (22.4) 18 (8.2)* 29 (10.8)

cardiomyopathy
Atherosclerotic coronary artery 9(18.4) 36 (1l64) 45 (16.7)
discasc
Anomalous origin of coronary 6(12.2) 1(0.5)7 7 (2.6)
artery
Discase of conduction system 4(8.2) 20 (9.1) 24(89)
Mitral-valve prolapse 5(10.2) 21 (9.5) 26(9.7)
Hypertrophic cardiomyopathy 1(2.0) 16 (7.3) 17(6.3)
Myocarditis 3(6.1) 19 (8.6) 22(8.2)
Mvyocardial bridge 2(4.1) 5(2.3) 7 (2.6)
Pulmonary thromboembolism 1(2.0) 3(14) 4(15)
Dissccting aortic ancurysm 1(2.0) 11 (5.0) 12(45)
Dilated cardiomyopathy 1(2.0) 9(4.1) 10(3.7)
Other 5(10.2) 61 (27.7) 66(24.5)

*P=0.008 for the comparison with the athletes.

TP<0.001 for the comparison with the athletes. Corrado D eta. N Engl J Med 1998
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TABLE 1. Sudden death during athletic activities (1995-2001)

No. of cases Age (years) Sex Pathology Sport
Total 61 11-65(31.9:14.2) 59M2W Cycling (21). paddle/fronton (4),
soccer (13), basketball (2),
gymnastics (5),  other (12),
Jogging (4)
CAD 25 (40.9%) 28-65 (44.4:9.4) 25M  Atheroma (88%) Cycling (11), joaging (2)
Scars (56%) Soccer (4), paddle, mountain
AMI (8%) Gymnastics (2),  climbing marching,
Thrombosis (28%) Fronton (2) other (4)
ACM 10 (16.399 13-39 L25.5¢B.:2 10M Biventricular (4) Cycling, soccer (3)
RV (2) Fronton, tennis,  other sport (2)
Lv (2) Gymnastics,
marathon (5)
HCM 4 (6.5%) 1 M Heart: 252 g (symmetrical) Gymnastics
30 M Heart: 405 g (asymmetrical) ~ Cycling
44 M Heart: 478 g ( asymmetrical)  Cycling
45 w Heart: 401 g (symmetrical) Jogging
LVH 3(4.9%) 28 M Heart: 512 g (?) Other sport
20 M Heart: 528 g (134%) Basketball
18 M Heart: 459 g (TY20%) Soccer
Myocardial fibrosis 2 (3.2%) 20 M LV subepicardial fibrosis Basketball
17 M LV/RV fibrosis Cycling
DCM 1(1.6%) 14 M DCM (Heart: 550 g) Soccer
Coronary anomalies 2 (3.2%) 22 M LC in right sinus Cycling
16 M RC between aorta and pulmonary Soccer
Posterior LV fibrosis
Aortic valve disease 2(3.2%) 12 M Supravalvular AS Gymnastics
15 M Complicated bicuspid valve Other sport
ASD 1(1.6%) 17 M ASD 9 x 10 mm RV hypertrophy Cycling
Flecainide 1(1.6%) 51 M Heart: 464 g Cycling
Indeterminate 10(16.3%) 15-29(20.2:5.3) 9M1W  No significant changes Cycling (3), badminton (1), .
soccer (3), other sport (2), Suarez-Mier

Jogging (1) Rev Esp Cardiol 2002
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ACM 10 (16.3%) 13-39 (25.5:8.3 10M Biventricular (4) Cycling, soccer (3)
RV (2) Fronton, tennis,  other sport (2)
LV (2) Gymnastics,
marathon (5)

TABLE 2. Sudden death during athletic activities, by age (1995-2001)

Coronary Aortic

No. of cases CAD HCM ACM LVH FesialICIR emalies  Gaive dissade

Others Indeterminate

<30years 32 2(62%) 2(6.2%) 7(21.8%) 3(9.3%) 3(93%) 2(62%) 2(62%) 1(3.1%) 10(31.2%)
>30years 29  23(79.3%) 2(6.8%) 3 (10.3%) = = = = 1(3.4%) =
P <.00001 NS —NS NS NS NS NS NS <.001

CAD indicates coronary atheromatous disease; LVH, idiopathic left ventricular hypertrophy; ACM, arrhythmogenic cardiomyopathy; DCM, dilated cardiomyopathy;
HCM, hypertrophic cardiomyopathy; NS, non-significant.

Suarez-Mier
Rev Esp Cardiol 2002
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At present, it is unresolved whether resolution of
myocarditis-related LGE should be required to permit
return to competitive sports.

3. Athletes with or definite my ditis should
not participate in competitive sports while active
inflammation is present. This recommendation is
independent of age, gender, and LV function (Class I1I;
Level of Evidence C).

ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY

Arrhythmogenic right ventricular ¢ yopathy (ARVC)

these data have been confirmed in genetically positive
patients (60), which is particularly relevant to the athlete,
raising concern not only with regard to competitive sports
but also regarding participation in moderate to extreme
recreational physical activities.

Ventricular tachyarrhythmias and sudden death in
ARVC commonly occur during exertion, including
competitive sports (55,60,61), and frequent endurance
exercise increases the risk for ventricular tachycardia/
ventricular fibrillation and heart failure (60). However,
risk factors for sudden cardiac death in ARVC are not
as well defined as in HCM (1,2,7,8). There is general

is a cause of sudden death In young people and athletes,
particularly in the northeastern (Veneto) region of Italy
(54), but is seemingly less common in the United States
(3). ARVC is characterized by a broad phenotypic spec-
trum and characteristically by loss of myocytes in the
right ventricular myocardium, with fatty or fibrofatty
replacement, which results in segmental or diffuse wall
thinning, but there is also frequent involvement of the LV
and an association with myocarditis (55). Genetics studies
have demonstrated that ARVC is a desmosomal cardio-
myopathy that results from genetically defective cell-

\ b N hilin-2,

adhesion proteins such as p 8

g that a prior history of sudden cardiac death,
sustained ventricular tachycardia, or syncope represent
the most important prognostic factors and define many
high-risk patients who are most appropriately treated
with a primary prevention ICD (62-64).

Recommendations
1. Athletes with a definite diagnosis of ARVC should not

in most sports, with the
po of 1 class 1A sports
(Class 111; Level of Evidence C).

2. Athletes with a borderline diagnosis of ARVC should
not in most sports, with the

desmoplakin, desmocollin-2, and desmoglein-2 (56,57).
Clinical diagnosis can be challenging but relies largely on
familial occurrence, left bundle-branch pattern ventricular
tachyarrhythmias, ECG findings of T-wave inversion in
precordial leads V, through V,, and epsilon waves, as well
as right ventricular dilation or segmental wall motion ab-

possible exception of low-intensity class 1A sports
(Class 11I; Level of Evidence C).

3. Athletes with a possible diagnosis of ARVC should not

in most sports, with the

possible exception of low-intensity class 1A sports
(Class III; Level of Evidence C).

1 aneurysm fc or fatty d i inthe 4. 1CD pl in athlete-p with
right ventricular wall identified with CMR imaging if sub- ARVC for the sole or primary purpose of permitting
stantial and unequivocal (or by biopsy tissue ysis). in high sports is

Diagnostic criteria for ARVC have been revised and upda-
ted and now include quantitative variables (55).

These criterla Include global or regional structural
dysfunction, as doc by echocardi or
CMR, biopsy ab lities, ECG or depo-
larization abnormalities, arrhythmias, and family history.
Each of these criteria is separated into major and minor
criteria based on the severity of the finding. Patients meet
an ARVC diagnosis if they possess 2 major, or 1 major and
2 minor, or 4 minor criteria, Borderline patients are those
with 1 major and 1 minor criterion or 3 minor criteria.
Patients with possible ARVC have 1 major criterion or 2
minor criteria. Athletes with borderline or possible ARVC,
as well as those who are genotype positive-phenotype
negative, should receive continued follow-up, because
ARVC may progress phenotypically, and become more
clinically apparent with time,

There is evidence in the experimental murine model
that exercise increases the penetrance and arrhythmic
risk in mutational carriers of ARVC (59), More recently,

not recommended because of the possibility of device-
related complications (Class III; Level of Evidence C).

Other recommendations for sports participation in pa-
tients with ARVC and ICDs can be found in the Task Force 9
report on *Arrthythmias and Conduction Defects” (23).

PERICARDITIS

The causes of pericarditis/myopericarditis are varied and
are either infectious or noninfectious. The natural history
is i

P Y Ived, long-term progi
is Il . The di of acute pericarditis
is typically based on clinical criteria: chest pain, pericar-
dial rub, ST- , Oor new/ peri-

cardial effusion. This syndrome may be considered part
of the clinical spectrum of myocarditis, Recurrences are
a significant consideration, and follow-up surveil-
lance with echocardiography or CMR is ded to
exclude pericardial thickening or restriction consistent
with restrictive pericarditis (50).

- ARVC seltener in USA
- Sportler*innen mit “Borderline® oder moglicher ARVC
oder Genotyp +/Phanotyp -
- regelmaldige Folgeuntersuchungen
Zeitraum ?

- Risiko der Penetranz nicht nur im Wettkampfsport

relevant, sondern auch bei ,moderate to extrem

recreational physical activities”

- VT oder SCD ublicherweise bei Anstrengung einschl.
Wettkampfsport und regelmalligem Ausdauersport
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At present, it is unresolved whether resolution of
myocarditis-related LGE should be required to permit
return to competitive sports.

3. Athletes with or definite my ditis should
not participate in competitive sports while active
inflammation is present. This recommendation is
independent of age, gender, and LV function (Class I1I;
Level of Evidence C).

ARRHYTHMOGENIC RIGHT VENTRICULAR
CARDIOMYOPATHY

Arrhythmogenic right ventricular ¢ yopathy (ARVC)

these data have been confirmed in genetically positive
patients (60), which is particularly relevant to the athlete,
raising concern not only with regard to competitive sports
but also regarding participation in moderate to extreme
recreational physical activities.

Ventricular tachyarrhythmias and sudden death in
ARVC commonly occur during exertion, including
competitive sports (55,60,61), and frequent endurance
exercise increases the risk for ventricular tachycardia/
ventricular fibrillation and heart failure (60). However,
risk factors for sudden cardiac death in ARVC are not
as well defined as in HCM (1,2,7,8). There is general

is a cause of sudden death In young people and athletes,
particularly in the northeastern (Veneto) region of Italy
(54), but Is seemingly less common in the United States
(3). ARVC is characterized by a broad phenotypic spec-
trum and characteristically by loss of myocytes in the
right ventricular myocardium, with fatty or fibrofatty
replacement, which results in segmental or diffuse wall
thinning, but there is also frequent involvement of the LV
and an association with myocarditis (55). Genetics studies
have demonstrated that ARVC is a desmosomal cardio-
myopathy that results from genetically defective cell-
adhesion proteins such as plakoglobi 1! hilin-2,

g that a prior history of sudden cardiac death,
sustained ventricular tachycardia, or syncope represent
the most important prognostic factors and define many
high-risk patients who are most appropriately treated
with a primary prevention ICD (62-64).

Recommendations.
1. Athletes with a definite diagnosis of ARVC should not
in most ive sports, with the
possible exception of low-intensity class 1A sports
(Class 111; Level of Evidence C).
2. Athletes with a borderline diagnosis of ARVC should
not in most sports, with the

desmoplakin, desmocollin-2, and desmoglein-2 (56,57).
Clinical diagnosis can be challenging but relies largely on
familial occurrence, left bundle-branch pattern ventricular
tachyarrhythmias, ECG findings of T-wave inversion in
precordial leads V, through V,, and epsilon waves, as well
as right ventricular dilation or segmental wall motion ab-
aneurysm fc or fatty d i inthe
right ventricular wall identified with CMR imaging if sub-

possible exception of low-intensity class 1A sports
(Class II; Level of Evidence C).

3. Athletes with a possible diagnosis of ARVC should not

in most sports, with the

possible exception of low-intensity class 1A sports
(Class III; Level of Evidence C).

4. ic ICD pl in athlete-p with
ARVC for the sole or primary purpose of permitting
in high sports is

stantial and unequivocal (or by biopsy tissue
Diagnostic criteria for ARVC have been revised and upda-
ted and now include quantitative variables (55).

These criterla Include global or regional structural
dysfunction, as doc by echocardi or
CMR, biopsy lities, ECG or depo-
larization abnormalities, arrhythmias, and family history.
Each of these criteria is separated into major and minor
criteria based on the severity of the finding. Patients meet
an ARVC diagnosis if they possess 2 major, or 1 major and
2 minor, or 4 minor criteria, Borderline patients are those
with 1 major and 1 minor criterion or 3 minor criteria.
Patients with possible ARVC have 1 major criterion or 2
minor criteria. Athletes with borderline or possible ARVC,
as well as those who are genotype positive-phenotype
negative, should receive continued follow-up, because
ARVC may progress phenotypically, and become more
clinically apparent with time.

There is evidence in the experimental murine model
that exercise increases the penetrance and arrhythmic
risk in mutational carriers of ARVC (59), More recently,

not recommended because of the possibility of device-
related complications (Class III; Level of Evidence C).

Other rec di for sports p. p In pa-
tients with ARVC and ICDs can be found in the Task Force 9
report on "Arrthythmias and Conduction Defects™ (23).

PERICARDITIS

The causes of pericarditis/myopericarditis are varied and
are either infectious or noninfectious. The natural history
is i

p Y lved, long-term progi
is 11} . The di of acute pericarditis
is typically based on clinical criteria: chest pain, pericar-
dial rub, ST- , Oor new/ peri-

cardial effusion. This syndrome may be considered part
of the clinical spectrum of myocarditis, Recurrences are
a significant consideration, and follow-up surveil-
lance with ech i or CMR is fed to
exclude pericardial thickening or restriction consistent
with restrictive pericarditis (50).

Empfehlungen

1. Sportler mit eindeutiger Diagnose (2 major, 1/2 m+m, 4 minor)
- kein Wettkampfsport, aul3er niedrig-intensiv

2. Sportler mit Borderline-Diagnose (1 major + 1 minor, 3 minor)
- kein Wettkampfsport, aul3er niedrig-intensiv

3. Sportler mit moglicher Diagnose (1 major oder 2 minor)
- kein Wettkampfsport, aul3er niedrig-intensiv

4. Keine primarprophylaktische ICD-Implantation zwecks

Teilnahme an Wettkampfsport
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supportive features indude LV systolic dysfunction, with reduced Recommendations T-wave inversion in the antero-ateral and inferfor leads. ' Not rare- pathogenic vartarns for ARVC, especially missense mutations. from
(<50%) ejection fraction, but ako 2 very thin compacted epicardal | A specified sbave, advising an indivicial with LYNC regarding pare Iy, solated premature ventriculsr beats (PVBs) are present. typically vartants and present in 2 minority Tuble é athlates with AC
layer (ie. <8mm in systole on echocardiography)*' and abnormal tcipation 1 sport requires a nd dasr wich LBEB pattern and verticalhorizontal axis (in the right-varisnt), or of normal papulation.*! Classfievel of evidence
myocardal relxation (¢ <9 cms at T ahd asuwance of of the assoclated risks RBBB and wparior axs (In the left-variant). Bectrical changes may peo- Clnically, genotyping s Indcated to identify 3 pathagenic varant s e
Athlotes frequently show increased trabecutations in the LV cavity on bebalf of the candicte (Table 5) o years.” mutation in a proband who already fulfils the phenceypic dagnastic A ‘probable dagnods of AC should Class llaiLavel C
(Le so-called hypertrabeculation pattem), and up to 8% may fulfl the criterla In order to faciitate cascade screening of finst degree rela- These patier e it their i [ der cineal
morphological criteria for LYNG.** It has been postulated that an Echocardiography and cardiac magneti tives. shoudd not be used to confirm the diagnosis in an surveitance.
increased cardiac preload may simply uneask pre-existing trabecuia- A"hyﬁ'momic (right resonance
tions and make them more prominent. This hypothesis & supported and CMR. show RV  the
ol whih owed | VENtricular) cardiomyopathy Echocardograply 0 sho e enhegicd By :
:'_:Wm sy, M"*m" which ) right dormicant varisnt. with morphologicl abrormalties (e thming, - RISK stratification Table7 fo genotype positive. negative for AC
tabp openic right ventriculsr pathy (ARVC), o sirply bulging, and aneurysms of the RV wall), associated with wal motion In predsposed indviduas, with abnormal cell-to-cell binding of the
cuaon nd 8% i crirs coneaent weh LVNC 2 regrancy A dul da- abnoralties, which are evident only in advanced stage of the dsease  ©  Myocytes, the diation of the right ventricle associated with reguiar oanm ot
progressed to the third trimester. - i
% mmmmwmmmmm In the right-varant, the outfiow tract is commonly more entarged re- exercise trainng may lead to myocardial damage and subsequent Athiotin who o n of pathogenic AC wieidone 6 Class liafLovel C
uO':::iba "";M(n”)“’. Moo fo somal proteins. The diseasa b charscterized histologically by fibro- mmd\e;ﬂwm"lnhnﬂymdmmm foro-fatty replacement, thereby triggering the morphological fea- ok T o " id bo ach »
on other cl abnormalities supportive for diagnosis ventricie and/ar evdant tures of the disease. Ventricular tachyarriythvmias and sudden death £
of & cariiomyopachy these athlecis seed % ba tharoughly oves- hynmw“- ldlhrd:"mm LVm’ocanﬁmm - x 0 “M_ﬂ e their ewercse programmes to eisare-time sctivities and remain under dincal surveilance.
tigaod* Specifically, athletes with LV hypertrabeculation and an death Lt n ACH i ohkn by iwlklml ' 5 br“ e e h:nmwdd-nnymm“"
abnormal ECG and/or mddly reduced LV function, or positive - . A of the right sde. Therel . rﬂm‘mo‘l Prior aborted SCD,

family hlmry :hould undergo 3 compllu evaluation Includng
CMR LV response to
dcanMECGHolummr‘wmmhmm«-d
arrhythmias, all findngs that will support the dagnosis of
LYNC ases

Risk stratification
mmmdtmcummmmw
of LV dysh of atrial

mmumum’wmm

umdsconwmmmmdmmumm ndin
30 unsalected popuiation of young adts from Australia ™!

The dagnosis of AC is based on the criters propased by an expert
dlinical features of the disease. ™

12-lead ECG
ThECdemﬂlnrﬂ‘umbMle
malin y (>60%) of * The most
m-unmwmmmemm
right precordal leads (V1-V3). prolonged QRS duration >110 ms with

consequences are largely associated with LV systolic dysf or
major ventricufar tachyarrhythmias. it i notewerthy that no major
candhac avonts have been reported in the absanca of LV dysfunciion.

beanch block (RBBE) pattern and 3 delayed upstroke (>55
m)demnV!—V‘LMuwmdqun
V1 or VL In the left-dominant variant low voltages of 'S wave i the

wmmummm Ny leads are increasingly recognized, & well as the presence of diffuse
Table s for LVNC
Class/lavel of evidence

1. Athintas with incidental dicovery of LV hypertrabeculation thould not be dagnosed as LYNC in the staence of Claws Wlevet 8

Symptams, pastive family history, sbrormal ECG pattere and. mont importantly, impuaired LV function. In such cases.

00 restricon for all competiive sport apply.
zmmwwdlmumwwmmmmnu Class 184 Lovel ©

sports. with e of tyntope may Gause serious harm or desth

(Fgre 1), ¥ shey wre:

(1) anpmpromatic,

(3 without frequent andicr complex vemtriculir arrfythmas, o nos-sustared VT on amilatory monoring and

exnrcise £CG testing and
(%) ro prior history of urexplained syncope.
3. Athlates with an unequavocal dagnosis of LVNC and Clam W Level C

(1) Impared LV systoie Ainction sndior

) #requent andior complex ventriculir arrvythenias, o nan-sustalned VT on ambulstory menitoring or exersise

Testing should be advised 10

ports

wd under

These patieots ihauid their exercise

regubar cirieal surveitance.

Mmmwmnmwmm
logiesl RV ieg A7

syncope,

ummmmmmmmw

Mmhxﬂmkﬂnmmmwhbem
risk factor for diting the disease and

In the left-dominant AC. the morpholog of the
e ventricle

nmm

be mildor
and CMR is the anly imaging test to identify altered signal intensity,
consistent with fibro-fatty replacement in the sub-epicardial regon
or mid-wall of the left ventricle.” "
It is well known that endurance athletes develop an entarged RV
cavity in association with enlarged LV, both with preserved shape, as
of the of both ventricles to
Mmﬁuwm"”mw RV remodeling in
athletes is characterzed by a proportionate increase in the nflow
and the cutflow tract and the absence of segmental morphological
thinning or wall mation abnormalities*™ " The RV dimensions by

"

In an experimental murine model of cardiac desmoplakin muta-
tions, exercise training has boen shown to increase the penetrance
and the arrhythmic presentation of the disease *** Similar results
have been mﬁ-mdloACMpoﬂm buman patients.

James et ™ of AC in 87
Mmmwhdmm«-\m
training iated with higher f the disease, carfier

onset of symptoms, and increased risk of ventricular tachyarrhyth-
rmias and heart failure. Ssherniak of o " investigated myocardal func-
uuninACpMudlumﬂMRVﬁunbnhmaaAc

may be inuuffici noamw from

RV wall mo-

wmwmm"rm care should be taken to

avosd misinterpretation of certain CMR findings in athletes as patho-

fogial (such as RV apex diatation, or ocalized apical bulging of the
RY wal at the level of the moderator band).”

Similar to DCM, exercise imaging (by echocardiography or CMR)

logical RV myncandial remodeliing in AC.*

Cardiopulmonary exercise test and 24-h
Holter monitoring

In young AC patients, exercse performance may be preserved.
However, ventricular arrfythmias (PVBs and/or VT with LBBS
morphology in the right-domnant. or RBES in the left-dominant). are
usually present at an earfy stage of the disease, and are usually trig-
gered by exercise.

Genetic testing

In patents with ARVC, the most commonly affected genes encode
desmosomal proteins.”” The overall rte of successfl genctyping
among patients meeting the dagnostic criteria for ARVIC s not more
than S0%.* Moreover, the interpretation of an apoarently positive
genetic test & made challanging by the difficuity in differentisting

athletes AC. Recently, the resuits from the
North Am multidisciplinary study of ARVC™ found that
patients engaged in competitive sport were incurring a larger inci-
dence of ventricuiar and earfier p

Of note, lelang endurance athletes presenting with clical fea-

tures from AC. but without

are often referred to a1 ‘gene-aluiive AC or ‘exercise-nduced RV
% The work-up and recommendations in these

athletes are identical as in inhented AC, 23 outlined above.

G Py e o

Athletes with cardiomyopathy and
implanted cardioverter
defibrillator

mmawmmmmnwm
led to several young active being mplanted

ype-p » P 7P ALt
M . " ode i

arrhy g car

A number of studes involing carriers umkm
mutations, predominantly phakephiin2 (PKP2) have shown that
asymptomatic G+P- famity members who exercise regularly are
more likely to fulfll the criteria for the diagross, and develop poten-
tally fatal arrhythmias and heart failure companred with sedentary
G+P- counterparts™" Based on these reports, exercise recam-
mendations in athietes who are G+ with pathagenic desmosomal
variants, are identical to those sssigned in athictes with overt AC

R. Badd

dwmco«wndmmﬂmmhaﬁmm
ational physical acthvity and those who were sedentary. Among
patients engaged in competitive sports, early age of sport inttiation
wmmmwdmw»
5@ Intensity a
Mmhwn&dmwwmuu
death, 1o the same level as inactive patients™ In summary, the overall
scientific evidence supports the concept that participation in compet)-
tive sport is associated with carfier onset of symptoms and greater
in AC patients,
Mzmmmmwwam«-
e addice regardng the particpation In intensive exercise pro-
ym-\dwmmmlnMACmCm

See (Tobe 7).

Athletes with isolated ECG
abnormalities

&mudmymAwmwwmd
wmumww«mnmmmmul
wart 3t lovol and th of safl sport
ICD recipients has become highly relevant.
The risks assoclited with sports participation in athietes with ICDs
wmnmmlmms‘q
Registry™™ which
portion of patients with HCM (n= 75, 17%). and ARVC (n =55, 13%).
Ahlmfdm«pp-ndnlﬂ-xmmmmm
deaths, parvepa-
mmmmmm-mwmwmm
Ing sports. These results sggest that exercise and pont participation
are faasble and sfe in cardomyopathy patierts with KCD. Medum-
term data of this registry sugest that armong clinical and demographic
Mwmmwm‘aﬁ!m
p e ARVC.

A of. rega

Wﬁanm.w:mhtmpmi&

Asympromatic mbletes with solated ECG suggestive of
cardiac pathology (such as ST-segment dapression, T-wave inversion,
and pathological Q waves) in the absence of positive famly history of
SCDVCA or structural features of 3 cardicmyopathy on imagng tests
deserve special attention. Several observations in athletes suggest that
these ECG abnormalities, particulardy T-wave inversion in inferior and
l-villdl.uiw&wﬂuau pment of overt cardh

activity
ﬂmnrﬂ(ﬂnl“’<mlww tbcpmpomu\
of ks was gr durirg comp or other phys-

umwmmmmu"mmno@»lmwstu;
jects who received shocks during sports, 20 dedded 1o quit their
wnmmmnmnmwupmw

ap. ™" These athietes
tha-mmmoﬂmmm
MMHMEGMMMMMMW

(10% of h
In athletes with and ¥CDs may par-
Ucpate in competitive sports without adverse events in the medium
termy i oth

Recommendations elatives fpossible, to
Advising an athlets with AC regarding participation to exercise pro-

ZraAmmes o SpOrt requines a Compr and clear R dati
and assurarce of an understanding of the whole spectrum of See (Tabke 5,

exercise-related risks on behalf of the candidate (Table 6).

pr
Evaluation of indviduals with cardiomyopathy and ICD who are

willing to n ive sport should be p

perfarmed in expenienced centres.

Jiirgen Scharhag

Abteilung fiir Sportmedizin, Leistungsphysiologie und Pravention & OISM,

Institut fiir Sportwissenschaft, Universitat Wien
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- VT und SCD haufig durch Sport getriggert
- Diagnose auf Basis der ARVC-Kriterien
- Ruhe-EKG

- Echokardiographie und Kardio-MRT; Problem: physiologische Hypertrophie
Ausdauersportler; ggf. Stress-Echokardiographie

- Bel.-EKG/Spiroergo: Diagnose Uber Leistungsfahigkeit nicht moglich
- LZ-EKG und Bel.-EKG: VES/VT mit LSB-Morphologie und super. Achse

- Genetische Testung, aber: nur 50% Sensitivitat, Problem “falsch-positive*“
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Risikostratifzierung
- mogliche Phenotyp-Triggerung der ACM durch regelmaliges sportliches Training
- auch Ausdauersport ungunstig fur die Penetranz
- RV Vergrolerung bei ACM-Sportlern im Vgl. zu ACM-Nicht-Sportlern
- Wettkampfsport assoziiert mit hoherer Inzidenz von VT und Symptomen
- Wettkampfsport in jungen Jahren assoziiert mit friherer Symptomatik
- Sportreduktion fuhrt zur Abnahme von VT oder SCD
- Wettkampfsport insgesamt ungunstig

- Freizeitsportprogramm mit geringerem Risiko wie bei inaktiven Patienten
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Empfehlungen
- Eindeutige Aufklarung und umfassende Erklarung

- Sportler mit ,exercise-induced RV cardiomyopathy“ ohne genetischen Nachweis
unterliegen den gleichen Empfehlungen

H. Heidbiichel - A. La Gerche

P e M 45 A R Evidence for exercise-induced
arrhythmogenic right ventricular

The»right heart in athletes cardiomyopathy

,,_/ Exercise-induced ARVC Fig. 1 € Overtraining of
2 / = RV structural & functional remodelling  the heart. We postulate
R \ 7N . \ Interstitial fibrosis that excessive exercise
- e Arrhythmogenicity (training which is too in-
tense and/or recovery that

is too short) may cause car-
diac injury and pro-arrhyth-
mic remodelling which
predominantly affects the
right ventricle. (Adapted
from the doctoral thesis of
A.1a Gerche)

Excessive training stimulus with =%
insufficient recovery
Cumulative microscopic injury
and progressive RV dilation
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cLiNiIc UNDER EMBARGO UNTIL JUNE 4, 2012, 12:00 AMET

Potential Adverse Cardiovascular Effects From
Excessive Endurance Exercise

James H. O'Keefe, MD; Harshal R. Patil, MD; Carl ). Lavie, MD; Anthony Magalski, MD;
Robert A. Vogel, MD; and Peter A. McCullough, MD, MPH

REVIEW

European Heart Journal (2012) 33, 998-1006
SuRoPEAN doi:10.1093/eurheartj/ehr397

CARDIOLOGY®

CLINICAL RESEARCH
Exercise

and David L. Prior'?

Exercise-induced right ventricular dysfunction
and structural remodelling in endurance athletes

André La Gerche'?*, Andrew T. Burns®, Don J. Mooney?, Warrick J. Inder’,
Andrew ). Taylor?, Jan Bogaert®, Andrew |l. Maclsaac?, Hein Heidbiichel?,

H. Heidbiichel - A. La Gerche
Department of Cardiovascular Medicine, Cardiology — Electrophysiology,
University Hospital Gasthuisberg, University of Leuven, Leuven

The right heart in athletes

Evidence for exercise-induced
arrhythmogenic right ventricular
cardiomyopathy

W. Kindermann' -D. Corrado? - J. Scharhag?

! Institute for Sports and Preventive Medicine, University of Saarland, Saarbriicken

? Inherited Arthythmogenic Cardiomyopathy Unit, University of Padua Medical School, Padua, Italy
3 Medicine Ill - Cardiology, Angiology, and Pneumology, University Hospital Heidelberg, Heidelberg

The right heart in athletes

Do we really have sufficient evidence
for exercise-induced arrhythmogenic
right ventricular cardiomyopathy?
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Empfehlungen

Eindeutige Aufklarung und umfassende Erklarung

Sportler mit ,exercise-induced RV cardiomyopathy” ohne genetischen Nachweis
unterliegen den gleichen Empfehlungen

. Sportler mit eindeutiger oder wahrscheinlicher Diagnose

- kein Wettkampfsport

- Sportprogramm reduzieren auf Freizeitaktivitaten unter klinischer Kontrolle
Sportler mit ACM-assoziierten Desmosom-Mutationen ohne Phanotyp

- kein Wettkampfsport

- Sportprogramm reduzieren auf Freizeitaktivitaten unter klinischer Kontrolle
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srbrella

be agreed, b for a family of dis~

gt
wports, If desired (with the exception of those

with harm or death), may be considered for ind-

M!'Mm‘.u;vul

In low. or

5 00

phenotypic Seatures and risk stratification
purposes.

WP = ticod preswre; FSC = Europesn Socety of Cardioiogy, HCM = hypertro-
e crdomyopethy: LVOT = leht ventrouer outflow tract cbmiruction crdo-
fmpophy, SCO = sudden cardisc deash.

“Class of recommendation.

MLewe of ewidence.

Markury of incrassed vk incude: (i) cardiee syeptoms of Mitory of cardac
arrest o snexplained yncope: (1) moderste E5C risk score (24%) a1 5 yearx. (W)
LVOT gadiers at rest >)0 mmig (W) stnormel BP respomse 10 ewercise: (v)
exerciss-ndand srhythesiss

Reler to Table 4 for

552

pathy (ARVC) is defined
Mwmmdn&omwdmm
ventricle and clinically by life-threatening VAs. The condition was inl-
tially recognized as a predominantly RV disease, and diagnasis is cur-
rently based on probabilistic Task Force Criteria that

uuuhatau ized by abnormal-
unmmmmmmmmuy
pathological examination andor cardiac imaging and VA

MWWWM-M

42

5523 History

Syncope due to pi ¥ it an risk marker
for SCDSCA and a predctor of future appropriate ICD

therapies. ™ ™™ The presence of symptoms attributed to ACM
should reinforce the exercise
with a history of cardiac arrest or unheralded syncope

i imp rec-
wmma'wmmﬂulmdmmdn—
ease progression and risk of SCD & derived from cohorts with
classical ARVC. This is reflected in the recommendations provided in
these Guidelines. It is possible therefore that the recommendations
may not accurately reflect predominantly LV disease, which consti-
tutes a small proportion of the disease spectrum where the impact of
exercics on disease phanotype and risk is less clarified than the RV

mwmmuwbmw

tions that can b y the umbreta of ACM
Tincludi fdi y (oeM)
5.5.2.1 Risk strav ot

mwm&awmdmhmwm

letic individuats.™ Established risk factors for SCD that should

prompt cansideration for an ICD include aborted SCD, unheralded

syncope, ventricular tachycardia, and impaired RV andfor LV systolic

function”™ A novel risk prediction model for VAs has recently been

proposed but is yet to be vabidated™™ Regular and high-intensity
are

5.5.2.4 Resting ond ambulatory ECG
wtwnaeqmmmuumc«qmw
In ACM Th of exten-
MYmM’mM’)MMUTmW
In two of the three inferior leads conflers soeme additional risk for SCD/
mm
Ambulatory ECG monitoring is important for detecting VAs.

significant burden of ventricular ectopy (>1000/24 h), even in
asymptomatic individuals, confers an increased risk of faal
frythmias 1390157

5.5.2.5 Echocardiography ond cordioc mognetic resonance imogng
In relation to risk stratification for SCD, the clinician should

5.5.2.9 Spediol considerations

Young age of presentation and male sex are associated with
Increased risk of malignant arrhythmias in ACM.” Although young
age should not exdude an individual from moderate-intensity exer-
cise in the absence of high-risk features, age should be considered in
the discussion with the patient and the parents, In addtion, one
should consider that specific highly dynamic, start - stop sports, such
as basketball and foothall, may pose 3 higher risk of SCD particularly
Inathietes who compete at the highest level, "

5.5.2.10 Followup

An annusl follow-up is recommended for most indniduals
with ACM who exercise on a regular basis. More frequent {6-
monthly) follow-up should be considered for adolescent and
young adults whose ACM phenotype, and therefore risk of SCD,
may still be evolving. partxcularty if they engage in moderate- to
high-intensity exercise. More fraquent follow-up should also be
considered in individuals with high arrhythmec risk genotypes such
as DSP, TMEMA43, and carriers of multiple pathogenic varants.
New symptoms should prompt interruption of exercise and re-
evaluation.

Recommendations for exercise and sports participation
in with i

Participation in 150 min of low intensity exercee. o~

exercise progr with ion of the disease assess the severity of RV and LV involvement in terms of ventric-

mwmmm ™ ular dilatation and systolic dysfunction. CMR imaging is more use-

In an experimental modol of heterozygous ful than echocardiography for assessing RV wall motion

mice, exercise training accelersied RV dyshunction and arrhyth- RNt Jnd cio e QintYy the degréi oty o

rrias ™ Sior rescits ave besn n mﬂnrtw.'l"':”mmmdmme
Vgorous (570X VOgre) higher the arrhythmic risk

"‘Wh“mnpumd in patients with ACM and
asymptomatic gene-positive family members, despite a more conser-
vative definition of athletic status (exercise with intensity 26 METs
for >4 hweek for 26 years).** Recently, the results from the North
American mulidiseipinary study reported that patients engaging in
competitive 3ports were at two-fold increased risk of ventricular
tachyarrhythmias or death and earbier pi of

5.5.2.6 Exercise testng

per

‘tomal ewerciaaisports, f desired, may be consid-
ered for individials with no Nistory of cardiac
arrestiVA,

Exercise testing should be part of the routine of every
Individual with ACM who wishes to exercise, s it can prowide infor-
mation regarding functional capacity and rigk Exercise

<500 PVCa24 h and
10 evidence of exsrcise-induced complex VAL

testing n patints with ACM shoud not be performed during hot

phases’. The induced symptoms

mmmmwwnmmmw
sedentary individuals”™ Amang patients engaging in competitive
sporty, early age of sports initiation was associated with premature
ded
ise intersity was associated with 3 substantial decresse in the risk of
vontricular tachyarrhythmias or death, to the same level as mactive
patients. ™ Finally, n 2 registry of 393 ath-
lotes implanted with an ICD who continued to partopate in regular
competitions, 20% of athletes with ACM received a shock during
exertion compared to 10% at rest, during & median follow-up of 44
months, The diagnosis of ACM was the only varable associated with
" " 3590

electrophysiological, anatomical, functional and clinkal features of
m’”mmnmmmmofmcm

5.52.2 Boseline { patients with

and biventric-
ular disease. n is now well established that both ventricles are
affected in most cases'™ ™ This has led to the development of a
new term, arhythmogenic cardiomyopathy, that embraces an arryy
of diagnostic terms for different (genetic and acquired) pathologies.
Although the defingion of * by i yet to

A systermatic approach is required when assessing indviduals with
ACM who request exercise advice. The baseline evaluation should
Include a comprehensive history of symptoms and famiy history of
ACM or SCD, maumdumw

dthep y for SCOISCA.

5.5.2.7 Genetic testing

Genatype may a0 be of prognostic value. In the ARVC variant, a
number of studies have reported that carriers of multiple pathogenic
varlants in the same or n 22 genes may
havean risk asin-
ym"mmmmh-mpmmxm
also UMNA and FUNC, associated with other ACM phenotypes (see
section 5.5.4) have a propenaity for high arrtythenic burden that can
pre-date the structural phenotype *'“#

5.5.2.8 Exercise recommendations

The overall scientific evidence supports the concept that in patients
with ACM participation in high-intensity sports should be discour-
aged, bocause it & assooated with accelerated disease progression,
greater risk of VAs and major events. This recommendation & also
applicable to genetic carriers of pathogenic varisnts for ACM even in
the absence of overt disease phenotype.

IPOMS OF WYy COMPEtEvE PO 1§ N FECOm-
ACM,

‘Who are gene postive but phenotype negaeve

uch as DSP, TMEMA43, and carmers of multiple

pathogenic variants.

Am-w arsompopathy; VC -mmlm
S VA

’Ou-dm

“Lrved of medence,

Reler 2 Table . nd znes

LI 200

Jiirgen Scharhag

Abteilung fiir Sportmedizin, Leistungsphysiologie und Pravention & OISM,

Institut fiir Sportwissenschaft, Universitat Wien
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Risikostratifzierung
- S.V.

- 2 x so haufig ICD-Schocks bei 393 Wettkampfsportlern wahrend Belastung wie

in Ruhe (20% vs. 10%) wahrend 44 Monaten
Diagnostik

- Anamnese: Synkope - nur niedrig intensive Belastungen

- EKG, LZ-EKG (NSVT , >1.000 VES/24h)

- Echokardiographie und Kardio-MRT

- CPX: bei allen sportlich aktiven Patienten, HRST?

- Gentests

- Sportempfehlungen, Abraten von hoch-intensivem oder hoch-dynam. Sport

- Verlaufskontrollen jahrlich bis dreimonatlich
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Recommendations Class® Level®

Exercise recommendations

Participation in 150 min of low-intensity exercise
per week should be considered for all individuals.
Participation in low- to moderate-intensity recrea-
tional exercise/sports, if desired, may be consid-
ered for individuals with no history of cardiac b
arrest/VA, unexplained syncope, minimal struc- R

tural cardiac abnormalities, <500 PVCs/24 h and

no evidence of exercise-induced complex VAs.

Participation in high-intensity recreational exercise/

sports or any competitive sports is not recom- B
mended in individuals with ACM, including those )
who are gene positive but phenotype negative.***%

Follow-up and further considerations relating to risk

Annual follow-up is recommended for individuals - c
who exercise on a regular basis.

Six-monthly follow-up should be considered in

adolescent individuals and young adults who are lla C
more vulnerable to exercise-related SCD.

Annual assessment should be considered for geno-
type-positive/phenotype-negative individuals for lla C
phenotypic features and risk stratification purposes.
Six-monthly follow-up should also be considered
in individuals with high arrhythmic risk genotypes
such as DSP, TMEMA43, and carriers of multiple
pathogenic variants.

lla C
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150 min niedrig-intensive Aktivitat pro Woche

Sport mit niedriger bis mittlerer Intensitat moglich
< 500 VES/24h
keine bel.-induzierten komplexen VA

Keine hoch-intensiven Bel. oder Wettkampfsport

Jahrliche Kontrollen

6 Mo-Kontrollen Jugendliche und junge Erwachsene

Jahrliche Kontrollen G+/P-

6 Mo-Kontrollen bei Risiko-Genotypen
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Nein!
- keinen Wettkampfsport
- keinen intensiven oder hoch-dynamischen Freizeitsport

- keinen “erschopfenden” Ausdauersport

Vielleicht
- Sport mit mittlerer Intensitat bei unauffalligem Bel.-Tests inkl. LZ-EKG

Ja

- Gesundheitssport im regenerativ-extensiven Bereich
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Trainingsbereiche

Osterreichisches
Institut fUe Sportmedizin

Laktat und Spiroergometie

Laklat

AsS

W1 W2

Ventlation

Anstaigends Balastungsintensitat

ASbbildung 1: Schematizche Darstellung des acrob-anacroben Ubergangs
[grauer Bereich]. Laktat-Leistungskurve [obhen] und Ventilation {unten] bei
ansteigendesr Belastungsintensitit. AcS: acrobe Sclhrwelle; 1AS: individuell=
anacrobe Schwelle: ¥T1: ventilatorische Schwelle 1; WVT2: ventilatorisches
Schwelle 2 (respiratorischer Kompensationspunkt}

Kindermann W. Dtsch Z Sportmed 2004
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