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Clinical Investigation and Reports

Clinical Significance of Abnormal Electrocardiographic
Patterns in Trained Athletes

Antonio Pelliccia, MD; Barry J. Maron, MD; Franco Culasso, PhD; Fernando M. Di Paolo, MD;
Antonio Spataro, MD; Alessandro Biffi, MD; Giovanni Caselli, MD; Paola Piovano, MD

Background—The prevalence, clinical significance, and determinants of abnormal ECG patterns in trained athletes rer
largely unresolved.

Methods and Results-We compared ECG patterns with cardiac morphology (as assessed by echocardiography) in 1
consecutive athletes (aged28 years; 75% male) who were participating in 38 sporting disciplines. ECG patterns wel
distinctly abnormal in 145 athletes (14%), mildly abnormal in 257 (26%), and normal or with minor alterations in 6(
(60%). Structural cardiovascular abnormalities were identified in only 53 athletes (5%). Larger cardiac dimensions v
associated with abnormal ECG patterns: left ventricular end-diastolic cavity dimensions wet®&5;.85.4-5.7, and
53.7-5.7 mm P<0.001) and maximum wall thicknesses were 10114, 9.8-1.3, and 9.31.4 mm {<0.001) in
distinctly abnormal, mildly abnormal, and normal ECGs, respectively. Abnormal ECGs were also most associated
male sex, younger agesQ0 years), and endurance sports (cycling, rowing/canoeing, and cross-country skiing). A sub
of athletes (5% of the 1005) showed particularly abnormal or bizarre ECG patterns, but no evidence of struct
cardiovascular abnormalities or an increase in cardiac dimensions.

Conclusions—Most athletes (60%) in this large cohort had ECGs that were completely normal or showed only mir
alterations. A variety of abnormal ECG patterns occurred in 40%; this was usually indicative of physiological card
remodeling. A small but important subgroup of athletes without cardiac morphological changes showed striking E
abnormalities that suggested cardiovascular disease; however, these changes were likely an innocent conseque
long-term, intense athletic training and, therefore, another component of athlete heart syndrome. Such false-po
ECGs represent a potential limitation to routine ECG testing as part of preparticipation scrg€iinglation.
2000;102:278-284.)

Key Words: athlete’s hearm 12-lead ECCa echocardiographm screening for cardiovascular diseases

he 12-lead ECG shows a broad range of abnormal is relied on extensively in the systematic evaluation program

patterns in trained athletes, particularly increased QRS of competitive athletes operating in Italy.
voltages, which are suggestive of left ventricular (LV) hyper- Despite several observational surveys describing ECG
trophy, and repolarization abnormalities2 These alterations ~ abnormalities among trained athletes;*11the determinants
have been attributed to the physiological cardiac adaptationsand clinical significance of these ECG patterns remain largely
that occur as a consequence of systematic physical training. unresolved. Therefore, the present study was designed tc
Moreover, ECG patterns in trained athletes may mimic those provide a measure of clarification regarding abnormal ECGs
observed in patients with structural heart diseases such asn athletes by comparing ECG patterns with cardiac morphol-
hypertrophic cardiomyopathy (HCM) or arrhythmogenic ogy (as assessed by echocardiography) in the same individ-
right ventricular cardiomyopathy (ARVC), which can be uals. We examined a large population of trained athletes who

responsible for sudden death during physical exeriion. were engaged in a variety of sporting disciplines.
There has also been substantial interest in implementing
preparticipation cardiovascular screening in athletic popula- Methods

tions, and cost-effective strategies for identifying potentially Study Population
lethal cardiac diseases are still debated! The 12-lead ECG The Institute of Sports Science is a medical division of the Italian

has been proposed as a simple test that may enhance th@ational Olympic Committee where all national team members
detection of cardiovascular abnormalitie® and, indeed, it undergo an annual medical evaluation. This evaluation consists of a
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medical history, physical examination, 12-lead and exercise ECG, planes using standard transducer positions. End-diastolic and end:
chest x-ray and, since 1985, echocardiograjshy. systolic LV cavity dimensions and anterior ventricular septal and
Thus, 1050 athletes were consecutively evaluated from 1993 to posterior free wall thicknesses were obtained from the M-mode
1995. Of these, 45 subjects were excluded due to technically echocardiogrard® Ventricular septal thickness measurements ob-
unsatisfactory ECG or echocardiographic recordings; the final study tained from M-mode echocardiograms were verified using the 2D
group was composed of 1005 athletes. Their median age was 23images. LV mass was calculated using the formula of Devereux et
years, and their age ranged from 9 to 55 years (only 16 athletes wereal 26 The ostia and most proximal portion of the left and right
either <12 or >40 years); 745 of the athletes (74%) were male. coronary arteries were routinely visualiz€dParameters of LV
Body surface area was 9.3 nt (range, 1.0 to 2.7 A All but 2 filling were obtained with pulsed Doppler echocardiograghy.
athletes were white; these 2 were African. Of the 1005 athletes, 785 Cardiac dimensions were judged to exceed normal limits when they
(78%) were examined routinely as a part of our systematic medical were >95% of the prediction limits derived from populations of
program, and 220 (22%) were referred to our institution for the similar ages, heights, and body surface afé&3Echocardiograms
evaluation of suspected cardiovascular abnormalities. Athletes werewere interpreted without knowledge of the clinical history or
engaged in 38 different sporting disciplines and had participated in ECG pattern.
vigorous training programs for periods of 2 to 30 years (median, 7
years); 440 of the athletes (44%) had achieved international recog- Statistical Analysis
nition in Olympic Games and World Championships, and 565 (56%) Data were expressed as mean and SD. Differences between mean
competed at the national level. Selected data from 332 athletes havewere assessed with unpaired or paired Studergsts. Differences

been included in previous analyseg! between proportions were tested with ffetest. A 2-tailedP<0.05
] was considered statistically significant. Differences between the 3
Electrocardiography ECG subgroups were assessed by ANOVA and multiple Bonferroni

Standard 12-lead ECGs were performed with the subject in the tests®* Relation between LV dimensions and ECG voltage scores

supine position during quiet respiration and were recorded at were tested by linear regression analysis. Stepwise logistic regres-
25 mm/s. ECG tracings were obtained a few minutes before the sion analysis was used to determine those variables that were mos
echocardiographic investigation ae®4 hours after the last athletic ~ closely associated with abnormal ECG patténs.

activity. ECGs were interpreted without knowledge of the clinical

history and echocardiographic findings of the athlete. Results

All ECG patterns were evaluated according to commonly adopted . .
clinical criteria?2-24We arbitrarily classified ECGs into 3 subgroups ECG Patterns and Cardiovascular Abnormalities

on the basis of the presence &fl of the listed criteria. The Abnormal ECGs were identified in 402 athletes (40%); these
subgroups were as follows. included 145 with distinctly abnormal and 257 with mildly
Distinctly Abnormal ECG abnormal patterns. Of the_ other 603 athletes (60%), ECGs
Distinctly abnormal ECGs were those that were strongly suggestive Weré completely normal in 188 and showed only minor
of cardiovascular disease. The criteria for such a designation in- alterations (considered typical of athlete’s heart) in 415. The
cluded the following: (1) striking increase in R or S wave voltage prevalence of various abnormalities in the 3 ECG subgroups
(=35 mm) in any lead, (2) Q waves4 mm in depth and present in is summarized in Table 1.

=2 leads, (3) repolarization pattern with inverted T wav2 mm in . ; . - -
=2 |eads, (4) left bundle branch block, (5) marked left{(30°) or A cardiovascular abnormality was identified clinically

right (=110°) QRS axis deviation, and (6) Wolff-Parkinson-white ~@nd/or by echocardiography in 53 athletes (5%); these in-
pattern. cluded 20 of the 785 elite athletes examined as a part of our

. routine medical evaluations and 33 of the 220 athletes
Mildly Abnormal ECG referred to our institution for a suspected cardiac abnormality.

Mildly abnormal ECGs were those that were compatible with the Th f b liti itral val |
presence of cardiovascular disease. The criteria for such a designa- e most frequent abnormalities were mitral valve prolapse

tion included the following: (1) increased R or S wave voltage (30 to  With mild regurgitation (-=19) and a bicuspid aortic valve
34 mm) in any lead; (2) Q waves 2 to 3 mm in depth and presentin with regurgitation (r=10); less common defects were an
=2 leads; (3) repolarization patterns with either flat, minimally atrial or ventricular septal defect6), dilated cardiomyop-

inverted, or particularly tall (ie=15 mm) T waves in=2 leads; ; ;
(4) abnormal R wave progression in the anterior precordial leads; athy (n=4), mild pulmonary artery stenosis i), and

(5) right bundle branch block (RSRattern=0.12 s in \; and \,); myocarditis _(n:2)_; ) HCM, aortic prOSIheSis_ for valvular
(6) right atrial enlargement (peaked P wawe2.5 mm in leads I, stenosis, perlcardltls, and coronary artery disease were pres
11, or V,); (7) left atrial enlargement (prolonged positive P wave in  ent in 1 athlete each. In addition, Wolff-Parkinson-White

lead Il and/or deep, prolonged negative P wave jj &ind (8) short  syndrome and systemic hypertension were each identified in
PR interval €0.12 s). 3 athletes.

Normal ECG or ECG With Minor Alterations Cardiac abnormalities were present in each ECG subgroup,
This subgroup consisted of ECGs that were completely normal and but they were significantly more common in those athletes
those with the minor alterations that have been consistently reported yith distinctly abnormal ECGs (10%) compared with athletes
in trained athletes and that are regarded as part of athlete’s heartwith mildly abnormal ECGs (5942<0.001) or normal ECGs

syndrome® These minor alterations included the following: (1) in- . . .
creased PR interval duratior-0.20 s), (2) mild increase in R or S (4%; P<0.001). Specifically, of the 785 athletes examined as

wave voltage (25 to 29 mm), (3) early repolarization (ST elevation @ part of our unselected medical program, 40% had abnormal
=2 mm in >2 leads), (4) incomplete right bundle branch block ECGSs (of which~3% had cardiovascular abnormalities); of

(RSR pattern in \{ and V, of <0.12 s in duration), and (5) sinus  the 220 athletes specifically referred for suspected cardiac

bradycardia<60 bpm. disease, 38% had abnormal ECGs (15% with cardiovascular
. lities).

Echocardiography abnorma . . »

Two-dimensional, M-mode, and Doppler echocardiographic studies Of the 53 athletes with cardiovascular abnormalities, 27

were performed using a Hewlett-Packard Sonos 2500 with a 3.5 had abnormal ECGs and 26 had normal ECGs (false-
MHz transducer. Images were obtained in multiple cross-sectional negatives). Of the 952 athletes without evidence of cardiac
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TABLE 1. Distribution of ECG Abnormalities in 1005 Trained Athletes

Distinctly Abnormal ECG Mildly Abnormal ECG ECG Normal or With Minor
(n=145) (n=257) Alterations (n=603)
Parameter n (%) Parameter n (%) Parameter n (%)
R or S wave 92 (63) R or S wave 141 (59) R or S wave 170 (28)
=35 mm 30-34 mm 25-29 mm
Negative T wave 27 (19) Flat/tall T wave 59 (23) J-junction 144 (24)
elevation

Q wave =4 mm 17 (12) Q wave 2-3 mm 69 (27) Incomplete RBBB 122 (20)
LAD 11(8) LAE 9(4) PR interval 75(12)
RAD 8 (6) RAE 2(0.8) >0.20' s
WPW 32 Incomplete R wave 40 (16) Sinus bradycardia 369 (61)

progression V; to Vs <60 bpm
LBBB 2(1) PR interval <0.12 s 9(4)

RBBB 2(0.8)

J-junction indicates early repolarization pattern; LAD, left axis deviation (=—30°); LBBB, left bundle branch block;
LAE, left atrial enlargement; Incomplete R wave progression V; to V,, abnormal pattern of R wave progression in the
anterior precordial leads V; to Vs; RAD, right axis deviation (=110°); RAE, right atrial enlargement; RBBB, right bundle
branch block; and WPW, Wolff-Parkinson-White pattern.

disease, 577 had normal ECGs and 375 had either distinctly ECG Patterns in Relation to Sex and Age

or mildly abnormal ECGs (false-positives). The combined ECG patterns differed greatly with respect to sex (Figure 1).
power of the distinctly and mildly abnormal ECGs for A significantly larger proportion of male athletes had either
identifying cardiovascular abnormalities was as follows: sen- distinctly (17% versus 8%P<0.001) or mildly abnormal
sitivity, 51%; specificity, 61%; positive predictive accuracy, (28% versus 14%P<0.001) ECGs compared with female

7%; and negative predictive accuracy, 96%. athletes. Conversely, the vast majority of female athletes
_ _ _ _ showed normal ECGs (78%) compared with male athletes
Relation of ECG Patterns to Cardiac Dimensions (55%; P<<0.001). Logistic regression analysis confirmed that

Echocardiographic analysis showed that cardiac dimensionsa greater probability for an abnormal ECG pattern was
differed significantly between athletes in the 3 ECG catego- associated with male sex (odds ratio [OR], 3.79; 95%

ries (Table 2). LV end-diastolic cavity dimension, maximum confidence interval [Cl], 2.50 to 5.75) and younger ag&Q
wall thickness, mass index, and the left atrial dimension were years; OR, 1.05; 95% ClI, 1.02 to 1.09). Male athletes had
each greater in athletes with distinctly abnormal ECGs than in greater maximum R or S wave voltages (24788 versus
those with normal ECGs. Athletes with mildly abnormal 175+5.6 mV in female athletes?<0.001) and more fre-
ECGs showed cardiac dimensions that were intermediate andquently abnormal Q waves (14% versus 6% in female
significantly greater than those in athletes with normal ECGs. athletes;P<0.005).

Among the 1005 athletes, the maximum R or S wave

voltage showed a statistically significant but modest linear ECG Patterns in Relation to Sporting Disciplines

correlation with LV end-diastolic cavity dimension=<0.30; ECG patterns also differed with respect to the type of sporting
P<0.001), maximum wall thickness+0.35;P<<0.001), and discipline (Figure 2). Distinctly abnormal ECGs were ob-
mass (=0.36; P<<0.001). served in athletes participating in a variety of sports, but they

TABLE 2. Relation of Cardiac Dimensions to the 12-lead ECG Pattern in 1005 Highly Trained Athletes

A: Distinctly P B: Mildly P C: Normal or Minor P
Abnormal (A vs B) Abnormal (B vs C) Alterations (A vs C)
No. of athletes 145 257 603
LVDD, mm 56.0+5.6 NS 55.4+5.7 <0.001 53.7+5.7 <0.001
Max LV WT, mm 10114 <0.03 9.8+1.3 <0.001 9.3+1.4 <0.001
Mass index, g/m? 115+23 <0.01 10924 <0.001 99+23 <0.001
LA, mm 37.2+4.6 <0.06 36.3+4.7 <0.005 35.3+47 <0.001
FS, % 34.5+4.0 NS 35.2+4.4 NS 34.9+41 NS
E/A ratio 2.3+0.7 NS 24+07 NS 2.3+0.7 NS
EF slope 458+135 NS 469144 NS 473+125 NS

E/A ratio indicates ratio of the early-to-late diastolic peaks of flow velocity; EF slope, descent of the early diastolic transmitral peak
flow velocity; FS, fractional shortening; LA, left atrium; LV, left ventricular; LVDD, left ventricular end-diastolic dimension; Max,
maximum; NS, not significant; and WT, wall thickness.
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Figure 1. Distribution of 3 ECG categories with respect to sex (65-68mm) (>L53m':"& (> 13mm)
among 1005 competitive athletes. Numbers in bars indicate pro- 213";'“,“)

portion of male and female athletes in each ECG category. . . . .
Figure 3. Flow diagram showing results of echocardiographic

studies in the subgroup of 145 athletes with distinctly abnormal
were most frequently encountered in endurance disciplines ECGs that were highly suggestive of cardiovascular (C-V)

such as cycling, cross-country skiing, and rowing/canoeing 416ase-

(35%, 30%, and 20% of the athletes in each group, respec-

tively). Logistic regression analysis showed that a greater were mostly male (#125). Only a minority of these athletes
probability for an abnormal ECG pattern was associated with (n=14; 10%) showed evidence of structural cardiac abnor-
training in cycling (OR, 6.01; 95% CI, 1.22 to 29.7), malities that could be responsible for the altered ECG
cross-country skiing (OR, 8.58; 95% ClI, 1.30 to 56.5), and patterns. Of the remaining 131 athletes, 78 showed an
rowing/canoeing (OR, 6.60; 95% Cl, 1.39 to 31.2). Distinctly absolute increase in cardiac dimensions; LV end-diastolic
abnormal ECGs were absent in athletes participating in cavity dimension £55 mm, up to 68 mm) increased in 74,
technical disciplines, such as equestrian, alpine skiing, or wall thickness £13 mm) increased in 1 athlete, and both

judo, and normal ECGs predominated. cavity and wall thickness increased in 3 athletes. These 78
athletes were predominantly male<(i5) and largely partic-

Profile of Athletes With Distinctly ipated (r=48) in endurance disciplines such as rowing,

Abnormal ECGs cycling, cross-country skiing, and long-distance running.

Of the 1005 athletes, 145 (14%) had distinctly abnormal  Of note, the remaining 53 athletes (5% of the 1005)
ECGs (Figure 3); these athletes were aged 15 to 36 years andshowed neither structural abnormalities nor a significant

CYCLING

X-C SKIING

TENNIS
ROWING/CANOEING

TRACK & FIELD
SOCCER

SWIMMING
BOXING
VOLLEYBAL
BASEBALL |

renone B

waTeroLo S
ICE HOCKEY e

SHOOTING
WRESTLING |
JUDOIKARATE |
ALPINE SKIING [
EQUESTRIAN |

_L__L__\___LL_____L___

0 10 20 30 40 50 60 70 80 90 100 %
Percentages of Athletes in Each Sport

ECG Patterns
B Distinctly Abnormal Mildly Abnormal ONormal or minor alterations

Figure 2. Distribution of 3 ECG categories with respect to sporting disciplines among 1005 athletes. ECGs that were distinctly abnor-
mal (black bars), mildly abnormal (gray bars), and normal or with minor alterations (white bars) are depicted as proportions of all the
athletes participating in each sporting discipline. Only sports with =12 participants are shown. X-C indicates cross-country.
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Figure 4. Top panel, Distinctly abnormal
12-lead ECG from a 19-year-old male
soccer player that was highly suggestive
of cardiac disease and showed marked
and diffuse T wave inversion (up to 7 mm
in depth) in lateral precordial (V4 to V)
and inferior leads (I, lll, and aVF),
increased R wave voltage >30 mm (V,,
Vs), and incomplete right bundle branch
block. Bottom panel, Parasternal short
and long-axis (a, b) and apical long-axis
(c) views in this athlete show no evidence
of a structural cardiac abnormality or
physiological adaptation to training (LV
end-diastolic cavity dimension, 50 mm;
ventricular septal thickness, 11 mm; pos-
terior free wall thickness, 10 mm).

increase in cardiac dimensions as a consequence of athletiordial leads V to V; (or V,) associated with incomplete right
conditioning (Figure 4). These athletes were predominantly bundle branch block that raised suspicion of AR¥Elowever,
male (n=37) but showed no obvious predilection for partic- none of these individuals had clinical features, familial occur-
ular sporting disciplines, level of training, or achievement.  rence, or imaging studies supporting this diagnosis.

In 27 of the 145 athletes, ECG patterns raised particular  Of the 145 athletes with distinctly abnormal ECGs, 126
clinical suspicion because of marked repolarization abnormali- had clinical and echocardiographic follow-up studies for 1 to
ties; 11 of these 27 athletes showed diffuse, symmetric, and 11 years (mean, 3.4 years) after the initial identification of the
marked T wave inversion associated with greatly increased abnormal ECG pattern. Only the single subject with HCM
precordial R or S wave voltages and/or deep Q waves, which is (who was disqualified from competition) developed cardiac
strongly suggestive of HCNF However, only one of these  symptoms associated with atrial fibrillation; all other athletes
athletes, a 24-year-old basketball player, had clinical and echo-remained free of symptoms and without clinical and echocar-
cardiographic evidence of this disease. The other 16 athletesdiographic evidence of structural cardiac disease while they
(aged=15 years) showed T wave inversion in the right prec- continued intensive training and competition.
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Discussion suggested the presence of underlying cardiac disease. Only :
Several reports over the past 30 years have described a varietyninority of these athletes had clinical or echocardiographic
of ECG alterations in trained athletes that have been attrib- evidence of structural disease that could account for their
uted to cardiac adaptations to systematic athletic condition- abnormal ECGs. Most had increased LV dimensions that
ing-12 The present study offers new insights into the could explain the abnormal ECG patterns. However, 53 of the
determinants and clinical significance of the wide range of 145 athletes with markedly abnormal ECGs (5% of the 1005)
ECG patterns that may be found in trained athletes because itshowed neither structural abnormalities or training-induced
directly compares ECG patterns with echocardiographic as- increases in cardiac dimensions. Therefore, it is reasonable tc
sessments of cardiac morphology. We took advantage of theinfer that long-term, intensive athletic conditioning preferen-
cardiovascular program implemented at the Institute of Sports tially and substantially alters the ECG in some athletes by
Science in ltaly, in which both ECGs and echocardiograms as-yet undefined mechanisms and that such bizarre ECG
have been assembled prospectively in a large population ofpatterns may be part of athlete’s heart syndrome.
elite athleteg? We made several observations that are useful ~ Of note, several of the distinctly abnormal ECGs we
in clarifying the clinical issues surrounding ECG changes in encountered could be regarded as typical of patients with
trained athletes. HCM or ARVC, which are well established as potentially
Structural cardiovascular diseases were rarely responsiblelethal cardiac diseases in young people and athfé&s.
for the abnormal ECG patterns in trained athletes. Only 5% of However, we found no familial, clinical, or echocardiograph-
our population had cardiac abnormalities that could have ic evidence of these diseases to explain the ECG abnormal-
influenced the ECG pattern identified clinically or with ities. Also, we believe that it is very unlikely that extremely
echocardiography. Indeed, a potentially lethal condition (ie, rare lesions, such as congenital coronary artery anomalies of
dilated cardiomyopathy or HCM) was detected in only 5 wrong aortic sinus origin, were responsible for the abnormal
athletes. The low prevalence of cardiac disease in our cohortECGs because we routinely visualized the coronary ostia with
was not completely unexpected given that the majority of the echocardiograph$’, and ECGs indicative of myocardial is-
athletes examined in our medical program had previously chemia are uncommonly associated with these anomalies.
undergone a screening evaluation and would have been Our findings have certain important implications for
disqualified from competitions had cardiovascular abnormal- preparticipation cardiovascular screening in large populations
ities been identified? of athletes. The 12-lead ECG has been suggested as :
In the absence of pathological conditions, the major deter- relatively simple and inexpensive test to strengthen the
minant of altered ECG patterns was the morphological limited diagnostic efficacy of the medical history and phys-
cardiac remodeling induced by physical training. Indeed, ical examinatiof’ and, indeed, this has been routine practice
those athletes with the most marked ECG abnormalities for the last 2 decades in Italy, in which a systematic screening
showed the greatest increase in LV cavity size, wall thick- program for participants in competitive sports was imple-
ness, and mass, as well as left atrial dimension. Conversely,mented by national la#2 Recently, Corrado et #suggested
athletes with normal or virtually normal ECGs had the that preparticipation screening with ECG was effective in
smallest and most normal cardiac dimensions. This relation- detecting HCM in young lItalian athletes. The present study,
ship between cardiac dimensions and ECG abnormalities washowever, defines certain limitations of the ECG in identifying
substantiated by statistically significant linear correlations. cardiovascular disease in highly trained athletes. In an im-
Other determinants of abnormal ECG patterns identified by portant subset of our population without cardiac morpholog-
logistic regression analysis were participation in certain ical alterations, striking ECG abnormalities highly suggestive
endurance sports, male sex, and younger age. Athletes enof cardiac disease were likely an innocent consequence of
gaged in cycling, rowing/canoeing, and cross-country skiing athletic training and part of athlete’s heart syndrome. Such
showed the largest LV dimensions, and these athletes mostfalse-positive ECGs represent a potential limitation to routine
often had abnormal ECG patterns. Conversely, athletes par-ECG testing as part of preparticipation cardiovascular screen-
ticipating in technical disciplines (ie, equestrian, alpine ski- ing in athletic populations. However, normal ECGs were
ing, and judo) had no evidence of significant LV remodeling highly predictive of an absence of cardiovascular abnormal-
and very rarely showed ECG abnormalities. Male athletes ities, probably because of the low prevalence of cardiovas-
most commonly showed abnormal ECG patterns, whereascular disease in our healthy study population.
female athletes usually had normal or virtually normal ECGs.  In sharp contrast to the high prevalence of abnormal ECG
The predominance of normal ECG patterns in female athletes patterns reported in previous surveysit our data showed
is likely due to several factors, including the mild morpho- that most athletes (60%) had ECGs that were either normal or
logical LV changes induced by training in won#eéiand their had only minor alterations, and did not raise clinical suspicion
lower participation rates in certain disciplines (such as row- of cardiovascular disease. This apparent discrepancy may be
ing/canoeing) that have a substantial impact on ECG pattern.the consequence of our definition of normality; we consid-
Finally, the higher prevalence of abnormal ECGs in athletes ered ECGs as virtually normal even if they showed a
<20 years of age suggests that intensive training is more prolonged PR interval, incomplete right bundle branch block,
likely to alter the ECG pattern when associated with body or early repolarization, which are regarded as part of athlete’s
growth and maturation during adolescence. heart syndrome.In addition, our large number of normal
Of particular interest was the subgroup of 145 athletes with ECGs may also be due to the inclusion of many athletes
markedly abnormal and sometimes bizarre ECG patterns thatparticipating in sports with little or no impact on cardiac
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dimensiong-33 as well as the relatively large proportion of
females athletes, who show less cardiac remodeling with
training2°

10.
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