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Abstract

Physical activity increases life expectancy and sport is a priori not
harmful. Exhausted sporting activity (e.g. endurance running, triath-
lon, cycling or competitive sport) can lead under individual condi-
tions to negative cardiac remodelling (pathological enlargement/
function of cardiac cavities/structures) or in worst case to cardiac ar-
rhythmias and sudden cardiac death (SCD). This individually disposi-
tion can be genetically determined or behaviourally/environmentally
acquired. Overall competitive young male athletes suffer five-fold
higher than non-competitive athletes from sudden death and athletes
aged over 30 bear a potential for arrhythmias, atrial fibrillation or a
20-fold higher possibility for SCD as female athletes. Patients with
diabetes, coronary disease, obesity or hypertension require different
special managements. Screening of cardiorespiratory health for sport
activities has a lot of faces. Basically there is a need for indicated
examinations or possible preventive measures inside or outside of
pre-competition screening. The costs of screening compared to ex-
penditure of whole effort for sporting activities are acceptable or even
negligible, but of course dependent on national/regional settings. The
various causes and possibilities of screening will be discussed in this
article as basic suggestion for an open discussion beyond national
borders and settings.

Keywords: Physical activity; Pre-participation screening; Athletes;
Endurance sport

Introduction

Basically, endurance sport can be recommended, because
professional endurance athletes live longer than the general
population [1-3]. Professional athletes have the advantage
of pre-participation and follow-up screening before and dur-
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ing competitive sporting activity. If there is any suspicion on
health problems, “unhealthy” athletes never will be a part of a
professional team. Sharma et al [4] discussed the problems of
pre-participation screening in young athletes mainly because
of sudden cardiac death (SCD), but SCD is only one of many
causes why we have to recommend a voluntary or mandatory
screening in competitive athletes. In the case of a young ath-
lete, SCD is with an incidence of 1:160,000/person/years [5]
a rare and unexpected, but always tragic event. In the USA 50
- 75 deaths per year occur in young athletes, in France about
10 - 15 [6]. Marijon et al [6] describe the common risk of SCD
in connection with sport with 5.4 up to 16.7/1,000,000/year,
depending on the region. The mean age of the persons con-
cerned was 46 + 15 (11 - 75) years, 92% died directly dur-
ing sport, only 12.7% had disorders before and 86.5% had a
regular training. SCD occurred in young athletes with a fre-
quency of 9.8/1,000,000/year, in young non-athletes with
2.2/1,000,000/year [6]. Among the general population the risk
is about 9.2/1,000,000/1 year for men and 0.4/1,000,000/ year
for women. Young competitive athletes (Table 1) have a five-
fold higher risk than non-competitive athletes and men have a
20-fold higher risk than women. More attention should be paid
to the variety of causes than to the absolute figures, which may
vary widely over the years among the authors [6-10] (Table 1).
Cardiac death related to sport occurred in most cases during
sporting activity or within 1 h later and is mainly related to a
disbalance of oxygen demand and supply [11]. Literature dif-
ferentiates between “young” and “old” athletes (< 35 and > 35
years). This classification is of historical origin, not logically
explained and based on publication of Thieme et al [12]. It is
not reliable, because more than two-thirds of SCD due to myo-
cardial infarction (beyond of sport) occurred in the age group
of 30 - 35 years [10] (in persons aged 5 - 35 years). In athletes
until 35 years, Solberg et al [8] found in 48% of all cases of
sudden death a coronary disease as the main possible cause of
SCD. Classification in age groups < 35 and over > 35 years
includes also coronary disease as cause of SCD to both groups.
So far, depending on age and country, there are significant dif-
ferences in pre-competition screening [5, 9]. Sharma et al [4]
discussed pitfalls of electrocardiographic (ECG) screening,
which was valuable in Italy [13], but with low predictive val-
ue in Britain [14]. AHA screening recommendations without
basic ECG might have similar impact for outcome regarding
SCD as Italian experience with ECG [15]. Use of echocardi-
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Table 1. Distribution of Cardiovascular Causes of Sudden Death in Young Athletes > 12 - 35 Years and General Popula-

tion of Young People 5 - 35 Years (in %)

Marijon et Corrado et Solberg et Maron et al, Puranik et al,
al, 2011 [6] al, 2003 [7] al, 2010 [8] 2007 [9] 2005 [10]
Aortic rupture/dissection 2 1.8 43 2 54
Aortic stenosis/cong HD 6 43 5
Arrhythmia 29
ARVC 4 22 4 1.6
Channelopathies (QT, WPW) 12 1.8 8.7 3 (297)
Coronary artery anomalies 11 33 17 2.1
Coronary disease 6 18 48 3 24.5
Dilatative CM 4 1.8 2 54
Hypertrophic CM 10 1.8 43 36 5.8
MVP 2 7.3 4
Myocarditis 4 9 22 6 11.6
Possible HCM 8
Riva muscle bridge 2 3.6 3
Unclear 36 1.8
Other (endocarditis, clots, etc.) 7.5
n=50 n=>55 n=22 n= 1,435 n=241

cong HD: congenital heart disease; ARVC: arrhythmogenic right ventricular cardiomyopathy; QT: QT-syndrome (including Romano-
Ward syndrome and Jervell-Lange-Nielsen syndrome); WPW: Wolff-Parkinson-White syndrome; CM: cardiomyopathy; HCM: hyper-

trophic cardiomyopathy; MVP: mitral valve prolapse.

ography as screening [16] method before participation in sport
was controversial discussed by Sharma et al [4] without clear
recommendation. This problem is not new. Generally, it seems
to be a problem to go to an official step further and classify
“American” or “Italian” way of athletes screening as history.

All recommendations for screening (as sport itself) are
voluntary.

The previous official concepts include a physical exami-
nation and medical history of the young athlete and in the Ital-
ian version additionally a resting-ECG. These concepts may
have been sufficient in the past for young athletes, but are no
longer sufficient considering today’s knowledge and exten-
sive competitions. Compared with the investment of time and
money [17] in sporting activities, the previously recommended
measures represent the strict minimum. Based on the experi-
ence of last 20 years in daily sports medicine practice, different
causes of athletes screening could be defined.

Methods of Screening

Resting-ECG

We have a variety of findings and possibilities for cardiac sud-
den death [3, 9, 10], which cannot be diagnosed by simple
12-channel-ECG. ECG is an orientating examination, without
correlation to hypertrophy [14, 18] and information about the
dimensions of heart cavities. Forty percent of the athletes show
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abnormal changes in their ECGs [19]. The frequency of ECG-
changes depends on ethnic origin, as well as on type and inten-
sity of training and kind of sport. Here, mainly changes such as
prolonged QRS-complexes, diverse changes in T-waves (nega-
tivities), deep Q-waves or even “bizarre” ECGs are recorded
[20]. Changes in ECGs should be analyzed according to “Se-
attle criteria” [21] or to the European recommendations [14,
22, 23]. Ethnic differences in repolarization changes should be
considered [ 14, 24]. QT-segments > 470 ms [14, 22] always re-
quire an individual approach and at least anamnestic-familiar
or even genetic examinations. There is always a need of care-
ful monitoring of ECG-changes and course. ECG-changes are
described as a “traffic light scheme” in Figure 1 in terms of
their significance. Sinus bradycardia < 35/min can be a sign of
overtraining.

Exercise test

Exercise ECG (EECQ) is a relative old method with low
sensitivity for one vessel coronary heart disease (CHD) [25]
and with false positive findings in athletes [26, 27]. The ad-
vantage is, EECG is easy to perform (use of educated tech-
nicians) and offers basic performance data (heart rate, blood
pressure values, oxygen (O,) saturation), a clear information
about arrhythmias during exercise (Fig. 2) or exercise induced
hypertension [28] and load performance in watts. EECG can
be combined with lactate measurements or spiroergometry. In
case of abnormalities during EECG it can be combined with

www.jocmr.org



Leischik et al

J Clin Med Res. 2015;7(6):385-392

Sinus bradycardia > 35
AV-Block 1° degree
Incomplete RBBB

Early repolarization
u-waves

Isolated QRS voltage criteria
for LVH

Left axis deviation
Right axis deviation
Left atrial enlargement
Right atrial enlargement

TWI up to V4 in
BAs+caribbean As

TWIup to V3 in female BAs

ST-segment depression
QTc> 470 msd' / >4809
Path. Q-waves

Atrial /Ventr. arrhythmias
TWIbeyond > V1 WAs

TWI beyound>V4 BAs

ST-segment elevation

Bradycardia< 35/min
TWI V1-V4 in athletes < 14 | (possibleovertraining)

years old

Brugada-like Syndrom
RV-hypertrophy
Complete RBBB/LBBB
VES

Changes in ECG in FU

Figure 1. Green light: no strict recommendation [14, 21-23] for further examination (in our opinion minimum echocardiography is
recommended). Yellow light: borderline changes, potentially further recommendation for evaluation. Red light: further evaluation
strong recommended. RBBB: right bundle brunch block; LVH: left ventricular hypertrophy; TWI: T-wave inversion; BAs: black
athletes; WAs: white athletes; LBBB: left bundle brunch block; RV: right ventricular; FU: follow-up; VES: ventricular extrasystole.

physical stress echocardiography [29] in suspicious coronary
disease (normally all athletes can be examined using physical
stress). We prefer a special stress echocardiography chair [29].

Echocardiography

Changes in the heart-valves of an athlete (acceleration of the
extent of stenosis in the elderly), aortic dilatation [30], and en-
largement of the atriums [28] (Fig. 3a, b) represent only a few
of the changes that are easily detectable by echocardiography.
Functional changes can be excellently investigated by Dop-
pler, tissue Doppler imaging (TDI) or strain-technique [31,
32]. In fact, the FIFA has taken a lead [33] in the respect of
recommendations and postulates a well-founded echocardi-
ography, based on the publications of Dvorak et al [34] and
Thunenkotter et al [35, 36]. FIFPro fights for national and in-
ternational standards in pre-competition screening of football
players (young and old) [37]. Echocardiography carried out
in an athlete provides together with the description of cardiac
structures (extent of hypertrophy [28, 38], aorta [30], atrium
[39], dimensions of ventricle [28, 40], structure of myocardi-
um, and wall thickness [28]) also functional information [32].
Doppler measurements give information about the blood flow
rate, diastolic function [41], segmental velocity (TDI) (Fig. 3d,

e) and strain-technique offers segmental and global myocardial
or atrial [42] values/curves (Fig. 3c, d) of deformation within
the cardiac cycle [31, 32, 43]. The follow-up examinations are
very important in cases of drop of power or myocarditis. In
cases of competitive young athletes, which should train and
compete at maximal exercise level the decision to decline the
special discipline in case of mitral valve prolapse, aortic root
dilatation, pathological hypertrophy can be easier (reserved for
an experienced sport cardiologist).

General situation for screening in sport

Not only SCD represents a kind of complication due to sport,
but also structural changes of the heart (aorta, atrium, right or
left ventricle) and possible arrhythmias.

In daily routine ambitious amateur and competitive pro-
fessional athletes represent only 50% of the patients of a car-
diologic practice focused on sports medicine (internal data).
Drop in performance, hypertension [28], atrial fibrillation [44]
and possible coronary disease [45] rather dominate the clini-
cal spectrum in the case of ambitious amateur athletes. Occur-
rence of atrial fibrillation can alter an active and quasi-healthy
leisure-athlete to a physically non-active athlete. In the other
50% of amateur athletes medical work consists in performance
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Figure 2. Exercise ECG shows onset of atrial fibrillation in “healthy” athlete (A) or ventricular ectopic beats (B) during exercise

(normally “healthy” athlete).

assessment and determining indications for measures of exer-
cise if CHD, obesity, arterial hypertension or metabolic syn-
drome is present or to maintain physical abilities in the elderly.
Here optimization of performance or competition preparation
plays a minor role.

However, CHD is relatively common in young athletes
< 35 years [8]; accordingly also younger athletes should un-
dergo exercise tests. In cases of abnormal ECG-findings a
stress echocardiography should be carried out [29]. Athletes

> 30 years of age, undergoing an extreme endurance competi-
tion, for example triathlon or marathon, should be examined
by stress echocardiography from a prognostic point of view.
Competitive ambitious athletes < 35 years should undergo a
specific cardiologic examination (including basically echo-
cardiography and exercise test) and regular annual check-up
examinations if problems occur and before starting a training.
When myocarditis, fibrosis or right-ventricular dysplasia is
suspected, cardio-MRT examination is recommended [46, 47].

Figure 3. (a, b) Left atrium (LA) follow-up 2 years of triathlete with enlargement of LA and atrial fibrillation events. (b, c) Strain
curves of left ventricle during atrial fibrillation (c) and 24 h after recovery in sinus rhythm (d). (e, f) Doppler measurement of dias-
tolic function: conventional (e) and using tissue Doppler imaging (TDI).
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Current situation of screening and causes of preventive
medical care in daily routine of sports medicine

Previous official recommendations are subject of constant
change [30, 34-36, 48, 49] and should follow the recommen-
dations for patients with CHD [50] and new knowledge/expe-
rience [34-36]. The following recommendations for screening
are based on active care of competitive and amateur athletes
since 20 years and own sports experience. In principle, the
following four reasons for examination can be distinguished:
1) screening-examination (baseline examination); 2) general
preventive check-up (periodical follow-up examinations); 3)
check-up in the case of discomfort (loss in performance, dysp-
noea, thoracic pain, and infection); 4) performance diagnostics
for training recommendation.

Screening-examination (baseline examination)

The baseline examination includes, in addition to the physi-
cal basic examination and medical history, the following tests:
echocardiography, EECG and pulmonary function testing as
well as a basic blood test (differential blood count, CRP, creati-
nine, GPT, GOT, gamma-GT, LDH, LDL-/HDL-cholesterol,
triglycerides, blood glucose, iron, ferritin, TSG, and electro-
phoresis); furthermore (athletes > 35 years) a duplex sonog-
raphy of carotids [51, 52] (determination of intima-media
thickness, plaques) is carried out in order to calculate the state
of atherosclerosis. In case of abnormal findings in resting or
EECG a stress echocardiography is performed. Within echo-
cardiography all modern examination techniques are applied,
including strain-echocardiography. Using echocardiography
nowadays not only the extent of hypertrophy, the size of aorta,
ventricles and atriums and the functioning of cardiac valves as
well as the visual contractions can be analyzed and recorded,
but also complex measurements of function in the area of both
ventricles and atriums can be carried out by means of TDI,
strain technology [32, 53] as well as conventional CW-/PW-
Doppler for systolic and diastolic blood velocities [54]. Thus,
changes, particularly over the course, can be registered. These,
for a non-cardiologist, highly complex echocardiographic ex-
aminations have now become routine for an experienced car-
diologist. As standard, we offer a spiroergometry to athletes,
in order to document the physiological performance profile
[40] (amongst others threshold of fat burning, acrobic capac-
ity, anerobic threshold) and to estimate the maximum oxygen
uptake (VO, max in mL/min/kg) [40, 55]. Optional the body
composition might be documented by means of more complex
impedance scales [56].

General preventive check-up

The usually annual carried out check-up includes always an
echocardiography [40] and a performance test [35, 40, 55]. We
attach particular importance to the documentation of hyper-
tension [28, 35] during exercise and documentation of heart
rate changes or premature heart beats. Echocardiography is
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conducted mainly to compare the size of ventricles/atriums
and to detect possible changes in heart valves and aorta or to
assess myocardial hypertrophy. A dilatation of the aorta with
consecutive aortic insufficiency is not a rare event in the case
of an endurance athlete (2%) [40]. Ambitious and competitive
athletes are often examined “off-season” by spiroergometry, to
check their training schedule. That is also the case for competi-
tive athletes in their pre-competition season.

Check-up in the case of discomfort or drop of performance

Here, the examination is focused on the clinical situation.
Overtraining should be considered. A drop of performance can
have a lot of causes. In most of these cases, the health situa-
tion of a young, old, leisure, ambitious or competitive athlete
is very complex and may claim a wide interdisciplinary range
from immunology, cardiology, orthopedics up to orthodontics.

All new changes in resting-ECG, syncope, or a drop of
performance need to be clarified consequently. In addition to
the basic examination, including echocardiography and rest-
ing-ECG, all further examinations are carried out to the clini-
cal demand (stress echocardiography, Holter-ECG, Angio-CT
[57], cardio-MRI [46, 47] (myocarditis/fibrosis) up to coro-
nary angiography and electrophysiological examination). A
detailed blood analysis as described above and additionally
antibodies and hormones (e.g. on account of inflammation or
hormonal changes), including the determination of virus anti-
bodies (Epstein-Barr, Cytomegaly, Herpes, Parvo, Echo, Cox-
sackie, etc.) and bacterial antibodies (Chlamydia pneumoniae
[58] and Borrelia), should be considered in case of a drop of
performance. Negative findings of virus-antibodies do not ex-
clude a myocarditis. Further step in the diagnostic is cardiac-
MRI and a myocardial biopsy (in cases of reduced cardiac
function). With this approach, so far we have not had any case
of death or undetected myocarditis since 18 years. In cases of
possible coronary disease, stress testing/EBT/CT-angiography
[57] or coronary angiography should be considered.

Performance diagnostics

Diagnostics by means of spiroergometry [40, 59] is extremely
helpful planning the training [40, 55, 60] and specifying the
performance level of active [40]/professional [55] athletes
and planning activities of affected patients [61, 62]. In hobby-
athletes/patients with metabolic syndrome or diabetes [61] a
spiroergometry is carried out, to check the current performance
level and to plan an aerobic training schedule. The focus lies
here on fat burning and careful planning of activities in the
aerobic zone [62].

Conclusions and Perspectives

The cost-benefit ratio of a combined exercise-ECG and echo-
cardiography or spiroergometry and echocardiography in
terms of the costs of an ambitious sport activity or competitive
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sports is acceptable. Particularly by participation of the public
German health insurance system in the costs, the medical care
of the athletes here is ensured [63]. But also in other coun-
tries, the costs for screening-examinations should be regarded
as negligible, given the high expenditures for preparation and
participation in marathon and triathlon competitions [17] or
intensive costs in professional football [64] and other team
sports [65].

Regarding all the competitive sporting activities with an
enormous importance for hobby- and professional athletes
(e.g. FIFA [33]), media and industry, physical activity in gen-
eral population is of fundamental importance [ 16, 66]. Accord-
ingly, prevention of sudden sport-related deaths or a “negative
remodeling” by sport has not only an individual component,
but also a significant social impact on physical activity in gen-
eral population. In this regard, further expenses, studies and
well-founded pre-competition screening in the industrialized
world are socially justified and financially reasonable. Long-
lasting dispute with many publications about use of resting-
ECG or not, in pre-competitive sport screening belongs to the
past. A small price-echocardiography in German social insur-
ance medicine (about 40$) can serve as template and exercise
test should be not only reserved for professional teams. Ine-
qualities in sport screening should not be a cause for natural se-
lection or later complications of aortic/atrial enlargement and
arrhythmias. These complications can be seen in centers with
an opportunity for long-term care with long-term follow-up.

Competing Interests

The authors declare that they have no competing interest.

References

1. Antero-Jacquemin J, Desgorces FD, Dor F, Sedeaud A,
Haida A, LeVan P, Toussaint JF. Row for your life: a cen-
tury of mortality follow-up of French olympic rowers.
PLoS One. 2014;9(11):e113362.

2. Marijon E, Tafflet M, Antero-Jacquemin J, El Helou N,
Berthelot G, Celermajer DS, Bougouin W, et al. Mortality
of French participants in the Tour de France (1947-2012).
Eur Heart J. 2013;34(40):3145-3150.

3. Leischik R. Endurance sport and cardiac injury. Kardiol
Pol. 2014;72(7):587-597.

4. Sharma S, Merghani A, Gati S. Cardiac screening of
young athletes prior to participation in sports: difficulties
in detecting the fatally flawed among the fabulously fit.
JAMA Intern Med. 2015;175(1):125-127.

5. Corrado D, Schmied C, Basso C, Borjesson M, Schiavon
M, Pelliccia A, Vanhees L, et al. Risk of sports: do we
need a pre-participation screening for competitive and
leisure athletes? Eur Heart J. 2011;32(8):934-944.

6. Marijon E, Tafflet M, Celermajer DS, Dumas F, Perier
MC, Mustafic H, Toussaint JF, et al. Sports-related
sudden death in the general population. Circulation.
2011;124(6):672-681.

7. Corrado D, Basso C, Rizzoli G, Schiavon M, Thiene G.

390 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

Does sports activity enhance the risk of sudden death
in adolescents and young adults? J Am Coll Cardiol.
2003;42(11):1959-1963.

Solberg EE, Gjertsen F, Haugstad E, Kolsrud L. Sudden
death in sports among young adults in Norway. Eur J Car-
diovasc Prev Rehabil. 2010;17(3):337-341.

Maron BJ, Thompson PD, Ackerman MJ, Balady G,
Berger S, Cohen D, Dimeff R, et al. Recommendations
and considerations related to preparticipation screening
for cardiovascular abnormalities in competitive athletes:
2007 update: a scientific statement from the American
Heart Association Council on Nutrition, Physical Activi-
ty, and Metabolism: endorsed by the American College of
Cardiology Foundation. Circulation. 2007;115(12):1643-
1455.

Puranik R, Chow CK, Duflou JA, Kilborn MJ, McGuire
MA. Sudden death in the young. Heart Rhythm.
2005;2(12):1277-1282.

Kim JH, Malhotra R, Chiampas G, d'Hemecourt P,
Troyanos C, Cianca J, Smith RN, et al. Cardiac ar-
rest during long-distance running races. N Engl J Med.
2012;366(2):130-140.

Thiene G, Nava A, Corrado D, Rossi L, Pennelli N. Right
ventricular cardiomyopathy and sudden death in young
people. N Engl J Med. 1988;318(3):129-133.

Corrado D, Basso C, Pavei A, Michieli P, Schiavon M,
Thiene G. Trends in sudden cardiovascular death in young
competitive athletes after implementation of a prepartici-
pation screening program. JAMA. 2006;296(13):1593-
1601.

Sheikh N, Papadakis M, Ghani S, Zaidi A, Gati S, Adami
PE, Carre F, et al. Comparison of electrocardiographic
criteria for the detection of cardiac abnormalities in elite
black and white athletes. Circulation. 2014;129(16):1637-
1649.

Maron BJ, Haas TS, Doerer JJ, Thompson PD, Hodges
JS. Comparison of U.S. and Italian experiences with sud-
den cardiac deaths in young competitive athletes and im-
plications for preparticipation screening strategies. Am J
Cardiol. 2009;104(2):276-280.

World Health Organisation: Global Health Risks. 2009,
http://www.who.int/healthinfo/global burden disease/
GlobalHealthRisks report full.pdf(2009):Page 17-18.
FoxBusiness: The True Costs of Training for Triathlons.
http://www.foxbusiness.com/personal-finance/2013/07/
16/true-costs-training-for-triathlons/ 2013.

Rawlins J, Carre F, Kervio G, Papadakis M, Chan-
dra N, Edwards C, Whyte GP, et al. Ethnic differences
in physiological cardiac adaptation to intense physical
exercise in highly trained female athletes. Circulation.
2010;121(9):1078-1085.

Maron BJ, Pelliccia A. The heart of trained athletes: car-
diac remodeling and the risks of sports, including sudden
death. Circulation. 2006;114(15):1633-1644.

Pelliccia A. Filling the gap of understanding the athlete's
ECG. Eur J Prev Cardiol. 2013;20(1):9-11.

Drezner JA, Ackerman MJ, Anderson J, Ashley E, As-
plund CA, Baggish AL, Borjesson M, et al. Electrocar-
diographic interpretation in athletes: the 'Seattle criteria'.

www.jocmr.org



Leischik et al

J Clin Med Res. 2015;7(6):385-392

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

BrJ Sports Med. 2013;47(3):122-124.

2010;99(1):29-35.

Gati S, Sheikh N, Ghani S, Zaidi A, Wilson M, Raju H, 36. Thunenkotter T, Schmied C, Grimm K, Dvorak J, Kinder-
Cox A, et al. Should axis deviation or atrial enlargement mann W. Precompetition cardiac assessment of football
be categorised as abnormal in young athletes? The ath- players participating in the 2006 FIFA World Cup Ger-
lete's electrocardiogram: time for re-appraisal of markers many. Clin J Sport Med. 2009;19(4):322-325.
of pathology. Eur Heart J. 2013;34(47):3641-3648. 37. FifPro. Status of Pre-Competition Medical Assessment.
Corrado D, Pelliccia A, Heidbuchel H, Sharma S, Link http://wwwfifproorg/en/news/the-quality-of-pre-com-
M, Basso C, Biffi A, et al. Recommendations for inter- petition-medical-assessment 2014, http://www.fifpro.
pretation of 12-lead electrocardiogram in the athlete. Eur org/en/news/ffifpro-fights-for-improved-medical-assess-
Heart J. 2010;31(2):243-259. ments.
Papadakis M, Carre F, Kervio G, Rawlins J, Panoulas VF, 38. Yim ES, Gillis EF, Ojala K, MacDonald J, Basilico FC,
Chandra N, Basavarajaiah S, et al. The prevalence, dis- Corrado GD. Focused transthoracic echocardiography
tribution, and clinical outcomes of electrocardiographic by sports medicine physicians: measurements relevant
repolarization patterns in male athletes of African/Afro- to hypertrophic cardiomyopathy. J Ultrasound Med.
Caribbean origin. Eur Heart J. 2011;32(18):2304-2313. 2013;32(2):333-338.
Gianrossi R, Detrano R, Mulvihill D, Lehmann K, Du- 39. D'Andrea A, Riegler L, Cocchia R, Scarafile R, Salerno
bach P, Colombo A, McArthur D, et al. Exercise-induced G, Gravino R, Golia E, et al. Left atrial volume index
ST depression in the diagnosis of coronary artery disease. in highly trained athletes. Am Heart J. 2010;159(6):1155-
A meta-analysis. Circulation. 1989;80(1):87-98. 1161.
Lie H, Erikssen J. Five-year follow-up of ECG aberra- 40. Leischik R, Spelsberg N. Endurance sport and "cardiac
tions, latent coronary heart disease and cardiopulmonary injury": a prospective study of recreational ironman ath-
fitness in various age groups of Norwegian cross-country letes. Int J Environ Res Public Health. 2014;11(9):9082-
skiers. Acta Med Scand. 1984;216(4):377-383. 9100.
Lie H, Thlen H, Rootwelt K. Significance of a positive ex- 41. Nagueh SF. Echocardiographic assessment of left ven-
ercise ECG in middle-aged and old athletes as judged by tricular relaxation and cardiac filling pressures. Curr
echocardiographic, radionuclide and follow-up findings. Heart Fail Rep. 2009;6(3):154-159.
Eur Heart J. 1985;6(7):615-624. 42. D'Andrea A, De Corato G, Scarafile R, Romano S, Rei-
Leischik R, Spelsberg N, Niggemann H, Dworrak B, Ti- gler L, Mita C, Allocca F, et al. Left atrial myocardial
roch K. Exercise-induced arterial hypertension - an in- function in either physiological or pathological left ven-
dependent factor for hypertrophy and a ticking clock for tricular hypertrophy: a two-dimensional speckle strain
cardiac fatigue or atrial fibrillation in athletes? F1000Res. study. Br J Sports Med. 2008;42(8):696-702.
2014;3:105. 43. D'Andrea A, Caso P, Bossone E, Scarafile R, Riegler L,
Leischik R, Dworrak B, Littwitz H, Gulker H. Prognostic Di Salvo G, Gravino R, et al. Right ventricular myocar-
significance of exercise stress echocardiography in 3329 dial involvement in either physiological or pathological
outpatients (5-year longitudinal study). Int J Cardiol. left ventricular hypertrophy: an ultrasound speckle-track-
2007;119(3):297-305. ing two-dimensional strain analysis. Eur J Echocardiogr.
Yim ES. Aortic root disease in athletes: aortic root dila- 2010;11(6):492-500.
tion, anomalous coronary artery, bicuspid aortic valve, 44. Calvo N, Brugada J, Sitges M, Mont L. Atrial fibril-
and Marfan's syndrome. Sports Med. 2013;43(8):721- lation and atrial flutter in athletes. Br J Sports Med.
732. 2012;46(Suppl 1):137-43.
Leischik R, Littwitz H. Slow recovery of the right and left 45. Wike J, Kernan M. Sudden cardiac death in the active
ventricular deformation after conversion from atrial fibril- adult: causes, screening, and preventive strategies. Curr
lation. American Journal of Sports Science. 2014;2(2):13- Sports Med Rep. 2005;4(2):76-82.
16. 46. Breuckmann F, Mohlenkamp S, Nassenstein K, Lehmann
D'Andrea A, Cocchia R, Riegler L, Scarafile R, Salerno N, Ladd S, Schmermund A, Sievers B, et al. Myocardial
G, Gravino R, Golia E, et al. Left ventricular myocardial late gadolinium enhancement: prevalence, pattern, and
velocities and deformation indexes in top-level athletes. J prognostic relevance in marathon runners. Radiology.
Am Soc Echocardiogr. 2010;23(12):1281-1288. 2009;251(1):50-57.
FIFA.: Pre-Competition Medical Assessment (PCMA). 47. Greulich S, Schumm J, Grun S, Bruder O, Sechtem U,
http://wwwfifacom/mm/document/afdeveloping/medi- Mahrholdt H. Incremental value of late gadolinium en-
cal/01/07/26/86/fifapcmaformpdf 2014. hancement for management of patients with hypertrophic
Dvorak J, Grimm K, Schmied C, Junge A. Development cardiomyopathy. Am J Cardiol. 2012;110(8):1207-1212.
and implementation of a standardized precompetition 48. Erbel R, Budoff M. Improvement of cardiovascular risk
medical assessment of international elite football play- prediction using coronary imaging: subclinical athero-
ers--2006 FIFA World Cup Germany. Clin J Sport Med. sclerosis: the memory of lifetime risk factor exposure.
2009;19(4):316-321. Eur Heart J. 2012;33(10):1201-1213.
Thunenkotter T, Schmied C, Dvorak J, Kindermann W. 49. Yim ES, Basilico F, Corrado G. Early screening for car-
Benefits and limitations of cardiovascular pre-competi- diovascular abnormalities with preparticipation echocar-
tion screening in international football. Clin Res Cardiol. diography: utility of focused physician-operated echo-
Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org 391



Screening of Athletes

J Clin Med Res. 2015;7(6):385-392

50.

51.

52.

53.

54.

55.

56.

392

cardiography in preparticipation screening of athletes. J 57. Doh JH, Koo BK, Nam CW, Kim JH, Min JK, Nakaza-
Ultrasound Med. 2014;33(2):307-313. to R, Silalahi T, et al. Diagnostic value of coronary CT
Pelliccia A, Fagard R, Bjornstad HH, Anastassakis A, angiography in comparison with invasive coronary an-
Arbustini E, Assanelli D, Biffi A, et al. Recommenda- giography and intravascular ultrasound in patients with
tions for competitive sports participation in athletes with intermediate coronary artery stenosis: results from the
cardiovascular disease: a consensus document from the prospective multicentre FIGURE-OUT (Functional Im-
Study Group of Sports Cardiology of the Working Group aging criteria for GUiding REview of invasive coronary
of Cardiac Rehabilitation and Exercise Physiology and angiOgraphy, intravascular Ultrasound, and coronary
the Working Group of Myocardial and Pericardial Dis- computed Tomographic angiography) study. Eur Heart J
cases of the European Society of Cardiology. Eur Heart J. Cardiovasc Imaging. 2014;15(8):870-877.
2005;26(14):1422-1445. 58. Wesslen L, Pahlson C, Lindquist O, Hjelm E, Gnarpe J,
O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Larsson E, Baandrup U, et al. An increase in sudden un-
Burke GL, Wolfson SK, Jr. Carotid-artery intima and expected cardiac deaths among young Swedish orienteers
media thickness as a risk factor for myocardial infarc- during 1979-1992. Eur Heart J. 1996;17(6):902-910.
tion and stroke in older adults. Cardiovascular Health 59. Wasserman K, Whipp BJ, Koyl SN, Beaver WL. Anaero-
Study Collaborative Research Group. N Engl J Med. bic threshold and respiratory gas exchange during exer-
1999;340(1):14-22. cise. J Appl Physiol. 1973;35(2):236-243.
Touboul PJ, Hennerici MG, Meairs S, Adams H, Amaren- 60. Meyer T, Lucia A, Earnest CP, Kindermann W. A concep-
co P, Bornstein N, Csiba L, et al. Mannheim carotid in- tual framework for performance diagnosis and training
tima-media thickness and plaque consensus (2004-2006- prescription from submaximal gas exchange parameters-
2011). An update on behalf of the advisory board of the -theory and application. Int J Sports Med. 2005;26(Suppl
3rd, 4th and 5th watching the risk symposia, at the 13th, 1):S38-48.
15th and 20th European Stroke Conferences, Mannheim, 61. Waldburger R, Wilms B, Ernst B, Thurnheer M, Schul-
Germany, 2004, Brussels, Belgium, 2006, and Hamburg, tes B. Cardio-respiratory fitness is independently associ-
Germany, 2011. Cerebrovasc Dis. 2012;34(4):290-296. ated with cardio-metabolic risk markers in severely obese
Sengupta PP, Krishnamoorthy VK, Korinek J, Narula J, women. Exp Clin Endocrinol Diabetes. 2014;122(3):190-
Vannan MA, Lester SJ, Tajik JA, et al. Left ventricular 194.
form and function revisited: applied translational science 62. Hewitt JA, Whyte GP, Moreton M, van Someren KA,
to cardiovascular ultrasound imaging. J Am Soc Echocar- Levine TS. The effects of a graduated aerobic exercise
diogr. 2007;20(5):539-551. programme on cardiovascular disease risk factors in the
Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh NHS workplace: a randomised controlled trial. J Occup
JK, Smiseth OA, Waggoner AD, et al. Recommendations Med Toxicol. 2008;3:7.
for the evaluation of left ventricular diastolic function by 63. Krankenkasse T: Sportmedizinische Untersuchung.
echocardiography. Eur J Echocardiogr. 2009;10(2):165- http://wwwtkde/tk/behandlungsangebote/besondere-tk-
193. angebote/sportmedizinische-untersuchung/460540 2013.
Millet GP, Dreano P, Bentley DJ. Physiological charac- 64. How do European soccer salaries compare to American
teristics of elite short- and long-distance triathletes. Eur J sport salaries? [http://www.quora.com/How-do-Europe-
Appl Physiol. 2003;88(4-5):427-430. an-soccer-salaries-compare-to-American-sport-salaries].
Ackland TR, Lohman TG, Sundgot-Borgen J, Maughan 65. College football salaries: How Georgia's Mark Richt
RJ, Meyer NL, Stewart AD, Muller W. Current status of makes millions [http://www.usatoday.com/story/sports/
body composition assessment in sport: review and po- ncaaf/2014/11/19/mark-richt-georgia-college-football-
sition statement on behalf of the ad hoc research work- coaches-salaries-compensation/19246795/].
ing group on body composition health and performance, 66. Warburton DE, Nicol CW, Bredin SS. Health benefits of
under the auspices of the 1.O.C. Medical Commission. physical activity: the evidence. CMAJ. 2006;174(6):801-
Sports Med. 2012;42(3):227-249. 809.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org



