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Mitral valve prolapse (MVP) and mild mitral regurgitation (MR) are ones of the most common structural changes of the
heart and affect many young individuals, who aspire to partake in competitive sport or high intensity recreational exercise.
These two conditions are associated with a different prognosis and possible complications such as heart failure (HF),
malignant arrhythmias and sudden cardiac death (SCD). Therefore it is essential to determine the risk factors predicting
these complications and to define a follow-up algorithm. The objective is to present a literature review of consensus
recommendations addressing criteria for eligibility and disqualification from organized competitive sports for the purpose
of ensuring the health and safety of young athletes.
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MuTpanHusT knaneH nponanc (MKIT) n nekocteneHHaTa MUTpanHa peryprutaums ca eaHu OT Hail-4ecTo CpeLLaHuTe CTPykK-
TYPHM NPOMEHU Ha CbPLIETO W 3acaraT MHOMO Mfaav Xopa, KOMTO XenasT 4a y4acTBaT B CbCTe3aTenHu CnopToBe ¢ BUCOKa
huanyecka HaTOBapeHOCT. Te3n [Be CbCTOSHUS Ce CBbP3BaT C pa3fuyHa NpOrHo3a 1 Bb3MOXHW YCIOXKHEHUS KaTo Cbp-
AeyHa HegoctaTbyHocT (CH), ManurHeHn aputmin 1 BHe3anHa cbpaeyHa cMbpT (BCC). 3aToBa e BaxHO Aa ce onpeaenst
puckoBUTE (haKTOpW, KOWTO NMpeacKassaT nosiBata Ha Teau YCOXHEeHWs, KakTo M Aa Ce Onpeaenit anropuTbM 3a npocne-
AsiBaHe. Llenta e aa ce npencTasn nutepartypeH 0630p Ha KOHCEHCYCHM NPenopbkii OTHOCHO KpUTEepWW 3a AonycKaHe o
OpraHM3npaHm CbCTe3aTesHn CopToBe, C KOETO Aa Ce OCUrypu 3apaBeTo W 6e30MacHoCTTa Ha MnaguTe atneTy.

CbCTe3aTenNHK CnopTOoBE, A0oNyCKaHe, NeKOCTENeHHa MUTPanHa peryprutauund, MuTpaneH KnaneH

[-p bopsiHa Hepsnkosa puroposa, KnuHuka ,Kapavonorus®, BoeHHoMmeauumHeka akapgemust — Codus, yn. ,l'eopru
Codpuiickn® 3, 1606, Codons, Ten.: +359 884716620, e-mail: boni1994@abv.bg

INTRODUCTION

According to the 3 Bethesda Conferences {16
(1985), 26 (1994), and 36 (2005)}, that addressed eli-
gibility and disqualification criteria for competitive ath-
letes with cardiovascular diseases, all sponsored by
the American College of Cardiology (ACC) [1-3], the
basic definition of a competitive athlete is the following:
One who participates in an organized team or individ-
ual sport that requires regular competition against oth-
ers as a central component, places a high premium on

excellence and achievement, and requires some form
of systematic (and usually intense) training. Therefore,
organized competitive sports are regarded as a distinc-
tive activity and lifestyle [4].

MVP occurs sporadic in most cases. However, it
can also be hereditary — an autosomal-dominant dis-
order with incomplete penetrance and variable expres-
sion. Familial clusters have been reported in several
studies [5]. It has two distinct phenotypes — fibroelastic
deficiency (FED) and myxomatosus MVP, also known
as Barlow’s disease [6]. Mitral valve with FED is char-
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acterized by leaflets thinning, which is thought to be
due to impaired production of connective tissue, with
deficiency of collagen, elastin, and proteoglycans. It is
the most common form of MVP [6]. Barlow’s disease
is characterized by fibro-myxomatous changes of the
mitral valve leaflets. Myxomatous transformation con-
cerns disruption and loss of normal valvular architec-
ture with thickening of the spongiosa and accumula-
tion of proteoglycans in it. The thickened spongiosa
encroaches on the fibrosa, interrupting it focally and
causing a basic weakness of this supporting structure,
leading to redundancy, chordal elongation, prolapse
and annular dilatation [7, 8]. The diagnosis MVP is de-
fined as > 2 mm displacement of one or both leaflets
of the mitral valve beyond the annulus within the left
atrium in end-systole [9]. In classic MVP the maximal
leaflet thickness is at least 5 mm during diastasis, and
in non-classic MVP the maximal thickness is less than
5 mm [10].

MVP is the most important cause of primary MR
(degenerative mitral valve disease). Other common
causes are rheumatic heart disease, infective endocar-
ditis, and connective tissue diseases (such as Marfan
or Ehlers-Danlos syndrome). Secondary forms of MR
can develop in patients with coronary artery disease
and dilated cardiomyopathy [4].

According to the Johns Hopkins Institute MVP is a
common disorder, affecting 2-3% of the general popula-
tion or around 176 million individuals worldwide [11]. The
European Registry of mitral regurgitation (EuMiClip) in
2018 shows that mild MR is present in 28.5% of 63,463
patients studied in Europe [12]. Because of the wide
prevalence of these conditions and possible complica-
tions such as HF, malignant arrhythmias and SCD, we
present a literature review of possible risk factors and
recommendations relating to criteria for eligibility in com-
petitive sports of young athletes with MVP or mild MR.

CoMPLICATIONS OF MVP AND miLD MR

Both MVP and mild MR are considered benign con-
ditions. However, they can have some serious cardiac
complications. MVP can most commonly lead to chron-
ic severe MR and HF in 5-10% of individuals with MVP.
Other complications include pulmonary hypertension,
infective endocarditis, supraventricular and ventricular
arrhythmias (VAs), SCD, cerebrovascular accidents
like transient ischemic attacks and ischemic strokes
[9]. Mild MR can progress in time to severe MR and
cause atrial enlargement, onset of atrial fibrillation (AF),
increase of left ventricle (LV) -end diastolic pressure,
LV-dilatation, impaired LV function with preserved or re-
duced ejection fraction (EF), pulmonary hypertension
and HF. There are several studies that evaluate the nat-
ural history and clinical outcome of MVP and mild MR.

Their conclusions consider that individuals with MVP
and trace or mild MR with normal LV sizes and volumes
and preserved LV function do not have more frequently
complications than people without MVP and mild MR.
Therefore after appropriate evaluation of the cardiac
status of young athletes with MVP with or without mild
MR they can participate in competitive sports. Accord-
ing to the current recommendations of the European
Society of Cardiology (ESC), all individuals should be
assessed with a clinical history, physical examination,
electrocardiography (ECG), echocardiography, and ex-
ercise stress test [9].

The Framingham Heart Study was established in
1948 as a prospective epidemiologic investigation of
a large cohort of men and women. The fifth examina-
tion of the offspring cohort of the Framingham Heart
Study (from January 1991 to January 1995) studied the
prevalence of MVP in the general population and its
complications. 1845 women and 1646 men (mean [+
SD] age, 54.7 £ 10.0 years) were examined. The au-
thors used current two-dimensional echocardiographic
criteria based on the three-dimensional shape of the
annulus and clinical correlations to diagnose MVP ac-
cording to the maximal superior displacement of the
mitral leaflets during systole relative to the line con-
necting the annular-hinge points. A total of 84 subjects
(2.4%) had MVP: 47 (1.3%) had classic prolapse and
37 (1.1%) had non-classic prolapse. Their age and sex
distributions were similar to those of the subjects with-
out prolapse. None of the subjects with prolapse had a
history of HF, one (1.2%) had AF, one (1.2%) had cere-
brovascular disease, and three (3.6%) had syncope,
as compared with these findings in the subjects without
prolapse of 0.7%, 1.7%, 1.5%, and 3.0%, respectively.
The frequencies of chest pain, dyspnea, and ECG-ab-
normalities were similar among subjects with prolapse
and those without prolapse. ECG-variables assessed
included the presence of atrial and ventricular ecto-
py, left atrial (LA) enlargement (defined as a terminal
P-wave force of 1 mm by 1 mm in lead V1), and LV
hypertrophy (defined by the presence of increased
voltage with a pattern indicating strain). The subjects
with prolapse had a greater degree of MR than those
without prolapse, but on average the regurgitation was
classified as trace or mild.

In conclusion, the fifth examination of the offspring
cohort of the Framingham Heart Study found that the
rates of complications such as HF, AF, cerebrovascu-
lar disease, and syncope were no higher among sub-
jects with MVP than among those without prolapse. In
this study there were relatively low sensitivity of clicks
and murmurs for prolapse and absence of a significant
difference in the prevalence of ventricular ectopy be-
tween those with prolapse and those without prolapse.
This shows the relatively mild nature of prolapse in the
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general population. The clinical profile of subjects with
MVP was more benign than previously indicated by the
available literature [10].

Duren et al. found complications such as the need
for mitral-valve surgery, stroke, infectious endocarditis,
and SCD in one third of patients with mitral-valve pro-
lapse (100 of 300) who were followed for an average
of 6.1 years, with an average complication rate of 5.4%
per year [13]. Marks et al. reported complications in
27% of patients with classic MVP (86 of 319) [14].

Jeresaty RM investigates MVP and its complica-
tions among children, adolescents, and athletes [7]. In
his study the author points out that prognosis in MVP is
generally favorable [15, 16], particularly in children [17,
18]. Bisset et al. studied 119 children and adolescents
for a mean follow-up period of 6 to 9 years. No progres-
sion of MR was observed and there were no sudden
deaths. One patient developed infective endocarditis
and one had a cerebrovascular accident [18]. Further-
more, in his study Jeresaty RM reports only 60 cases of
SCD, of which only five were 20 years or younger (age
9, 14, 17, 19 and 20, respectively). Two children not
included in this sudden death series developed VA and
cardiac arrest and were successfully resuscitated [19].
The author reports only one case of SCD in a trained
competitive athlete during physical activity [20]. Jere-
saty RM suggests a diagnostic work-up of athletes with
MVP including ECG (performed to determine the pres-
ence of repolarization changes that may be associat-
ed with complex arrhythmias), Holter monitoring and
stress testing (especially in the presence of symptoms
such as palpitation, dizziness, near-syncope, or syn-
cope). He emphasizes that observation of the athlete
during exercise is invaluable for adequate clinical as-
sessment and sound recommendations [7].

Bonow et al. make a scientific statement from the
American Heart Association (AHA) and ACC. They
investigate the myxomatosus mitral valve disease as
the most common cause for primary MR and point out
that the severer the MR is, the greater the regurgitant
volume is. This results in LV dilation and increases LA
pressure and volume. The increased LV diastolic vol-
ume enhances total LV stroke volume enough to ac-
commodate the regurgitant volume and to maintain
the forward stroke volume within normal limits. The
low impedance presented by regurgitation into the LA
unloads the LV during ventricular systole, such that
measures of LV pump function, such as EF, tend to
overestimate true myocardial performance. Therefore,
LV systolic dysfunction in subjects with MR is defined
as LVEF < 60% or LV end-systolic dimension (LVESD)
> 40 mm. LV end-diastolic dimension (LVEDD) mea-
surements > 60 mm strongly suggest the presence of
severe MR. The authors suggest that athletes with MR
should undergo yearly physical examinations, echo-

cardiography, including Doppler-echocardiograms and
measurement of the systolic pulmonary artery pressure
(sPAP), and exercise stress testing to at least the level
of activity that approximates the exercise demands of
the sport. They recommend that athletes with mild to
moderate MR who are in sinus rhythm with normal LV
size and function and with normal PAP can participate
in all competitive sports [4].

The current recommendations of the ESC are very
much alike these of the AHA and ACC. They suggest
that asymptomatic individuals with mild or moderate MR
may compete in all sports if they have good functional
capacity, preserved LV function, sPAP < 50 mmHg and
absence of complex arrhythmias during exercise [9].
As regards to recommendations addressing criteria for
eligibility in competitive sports in case of MVP, the ESC
as well as several studies point out some specific risk
factors for SCD that have to be evaluated before giving
permission for participating in high intensive physical
activities.

RISK FACTORS FOR SCD IN MVP

Although MVP is considered a benign condition,
the most serious and examined in many studies com-
plication is SCD. There are several risk factors that
suggest such an unfortunate outcome in people with
MVP. These are myocardial scarring, myocardial fibro-
sis affecting the infero-basal wall, mitral valve annu-
lar disjunction (MAD), T-wave inversion in the inferior
leads, prolongation of the QT interval, VAs arising from
the LV [right bundle branch block (RBBB) morpholo-
gy], prolapse of both mitral leaflets, severe MR, severe
LV-dysfunction, family history of SCD.

Sriram et al. investigated in their study the prev-
alence of MVP and its association with VAs in a co-
hort with “unexplained” out-of-hospital SCD. The au-
thors evaluated 24 patients (16 women, median age
33.5 years) between July 2000 and December 2009
in the Mayo Clinic’'s Long QT Syndrome/Genetic
Heart Rhythm Clinic with SCD that was negative for
ischemia, cardiomyopathy, and channelopathy. Bileaf-
let MVP was found in 10 (42%). Compared with pa-
tients with normal mitral valves, patients with bileaflet
MVP: 1) were mostly women (9 of 10 [90%] vs. 7 of
14 [50%]); 2) had a higher prevalence of biphasic or
inverted T waves (7 of 9 [77.8%] vs. 4 of 14 [29%]);
and 3) on Holter monitoring had higher prevalence of
ventricular bigeminy (9 of 9 [100%)] vs. 1 of 10 [10%]),
ventricular tachycardia (VT) (7 of 9 [78%] vs. 1 of 10
[10%]), and ventricular premature beats (VPBSs) origi-
nating from the outflow tract alternating with the pap-
illary muscles (PMs) or fascicular region (7 of 9 [78%]
vs. 2 of 10 [20%]). This study describes a “malignant”
phenotype of MVP that supposes a higher risk of SCD.
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It is characterized by bileaflet MVP, female sex, and
frequent complex ventricular ectopic activity [21].
Basso et al. researched VAs and SCD in individu-
als with MVP in the absence of hemodynamic impair-
ment. They investigated two different groups. The first
group consisted of 650 young adults (£ 40 years of
age) with SCD in the Veneto region in northeast Ita-
ly in the time interval from 1982 to December 2013.
Cases with MVP as the only cause of SCD were re-ex-
amined. Forty-three patients with MVP (26 females;
age range, 19-40 years; median, 32 years) were iden-
tified. They represent 7% of all SCD patients and 13%
of women who died suddenly. Among 12 cases with
available ECG, 10 (83%) had inverted T waves on in-
ferior leads, and all (100%) had RBBB VAs. A bileaflet
involvement was found in 70%. Microscopic examina-
tion of the LV myocardium showed an increased en-
doperimysial and patchy replacement-type fibrosis at
the level of PMs and adjacent free wall in all (100%).
Similar findings were detected in the inferobasal wall
under the posterior mitral valve leaflet in 38 patients
(88%). The second group that was examined consisted
of 30 consecutive patients referred to the Cardiology
Clinic from January 2010 to December 2013 with com-
plex VAs detected on 12-lead 24-hour Holter monitor-
ing and echocardiographic diagnosis of MVP. VT of an
LV origin (RBBB morphology), either nonsustained (n =
29) or sustained (n = 1), was present in all. All patients
had normal QTc (mean ms, 423; range, 409-440). Ex-
ercise stress test, performed in 20 patients, was nega-
tive for effort-induced VAs. Bileaflet MVP was present
in 21 patients (70%) with complex VAs. These 30 living
patients with MVP with complex VAs and another 14
control subjects with MVP without complex VAs un-
derwent a study protocol including contrast-enhanced
cardiac magnetic resonance (CE-CMR). LV late gad-
olinium enhancement (LGE) was identified in 93% of
patients versus 14% of control subjects, with a regional
distribution overlapping the histopathology findings in
the SCD cases. The LGE was localized on the PMs in
25 patients (83%), with a midapical distribution in 16
and basal adjacent free wall in 24 cases, and on the
LV inferobasal segment under the posterior leaflet in
22 (73%). The LV myocardial scarring is qualitatively
different from that observed in ischemic heart disease,
where it is usually compact and confluent, instead be-
ing patchy and interspersed within surviving, hypertro-
phic cardiomyocytes. The authors demonstrate that
CE-CMR can detect LV LGE in patients with MVP with
complex VAs, closely overlapping the histopathological
features observed in SCD victims. The arrhythmogenic
role of the LV myocardial scarring is supported by the
morphology of arrhythmias and by electrophysiological
studies in MVP indicating that the most common site
of VPBs origin is the inferobasal LV wall. The hallmark

of arrhythmic MVP is fibrosis of PMs and inferobas-
al LV free wall, which correlates well with arrhythmia
morphology, pointing to a myocardial stretch by the
prolapsing leaflets and elongated chordae. Therefore,
according to this study, it is reasonable CE-CMR to be
performed in individuals with MVP and ECG depolar-
ization abnormalities on inferolateral leads (inverted T
waves), complex VAs (= 3 VPB run) with RBBB mor-
phology on 12-lead ECG Holter monitoring, a history
of presyncope/syncope and aborted SCD. The authors
of the study conclude that a patient with MVP at risk of
SCD is usually a young adult woman with a midsys-
tolic click at auscultation, bileaflet involvement of the
mitral valve, T-wave abnormalities on inferior leads,
and RBBB-type or polymorphic VAs on ECG, without
significant regurgitation [8].

Furthermore, Basso et al. research the so-called
arrhythmic MVP and its pathophysiologic mechanisms
of electrical instability [22]. They discuss these are LV
fibrosis in the PMs and inferobasal wall, MAD, and sys-
tolic curling, which have been described by pathologi-
cal and CMR studies. In addition, the authors point out
that VPBs arising from the Purkinje tissue as ventricular
fibrillation triggers have been documented by electro-
physiologic studies in MVP patients with aborted sud-
den death. They suggest that the genesis of malignant
VAs in MVP probably recognizes the combination of the
substrate (regional myocardial hypertrophy and fibrosis,
Purkinje fibers) and the trigger (mechanical stretch) elic-
iting VPBs because of a primary morphofunctional ab-
normality of the mitral valve annulus. MVP-related and
MVP-unrelated factors for VAs/SCD in MVP patients,
both functional and structural, have been suggested. As
MVP-related factors Basso et al. point elongated mitral
leaflet, bileaflet MVP, mitral annulus dilatation, MAD, mi-
tral annulus hypermobility/curling, diastolic depolariza-
tion of muscle fibers in redundant leaflets, spontaneous
chordal rupture, excessive PMs traction by the prolaps-
ing leaflets, mechanical stimulation of the endocardium
by elongated chordae, endocardial friction lesions, con-
nective tissue myxoid changes, myocardial ischemia
due to platelet/fibrin microembolization, fibromuscular
dysplasia of small coronary arteries, LV fibrosis at the
level of PMs/postero-basal wall, LV remodeling due to
mitral regurgitation with volume overload and QT dis-
persion. As MVP-unrelated factors they point autonomic
nervous system dysfunction, conduction system abnor-
malities, long QT, cardiomyopathy and Purkinje fibers
ectopy foci.

MAD is a structural abnormality of the mitral annu-
lus and is defined as a spatial displacement between
the LA wall, the attachment of the mitral leaflets, and
the top of the LV free wall, manifested as a wide sepa-
ration between the atrial wall-mitral valve junction and
the top of the LV free wall [23, 24]. The mitral annu-
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lus position is best recognized in the long axis view by
transthoracic echocardiography zoomed on the mitral
valve using the highest frame rate possible and by re-
viewing the images frame by frame. In this way, the thin
structure of the annulus can be observed from early
to late systole. In turn, the precise location of the mi-
tral annular position allows measurement of the MAD
trench width and of MVP depth. Accordingly, the upper
limit of MAD is defined at the level of posterior leaflet
insertion on the annulus/left-atrial-wall, whereas the
lower limit is defined at the level of the LV myocardi-
um. Without dynamic examination, excessive posterior
leaflet tissue arising from a normally implanted annu-
lus could falsely be interpreted as MAD. Such dynam-
ic analysis is required both on echocardiographic and
CMR examinations [25].

In the 2000s Erikson et al. [23] and Carmo et al. [24]
found an increased frequency of VPBs and non-sus-
tained VT (NSVT) in patients with MAD in comparison
to those without MAD. Carmo et al. evaluated 38 pa-
tients with MVP. MAD was present in 21 patients (55%)
and was more common in women (61%). The authors
found out that the severity of MAD significantly correlat-
ed with the occurrence of NSVT on Holter monitoring:
MAD>8.5 mm was a strong predictor for NSVT. In these
patients the mitral annular diameter was larger in sys-
tole than in diastole. This results in an increased diam-
eter of the mitral valve circumference during systole,
and hence impaired annular function due to coaptation
deficit [24].

Basso et al. provided evidence that MAD is asso-
ciated with arrhythmic MVP [22]. They found out that
in MVP patients with arrhythmias and LGE MAD was
more pronounced. The end-systolic and end-diastol-
ic mitral annular diameters were larger than in those
without arrhythmias and LGE. At the same time, his-
tological analysis revealed a longer MAD in 50 SCD
cases with MVP and LV fibrosis as compared with that
in control hearts.

Furthermore, in 1976, Gilbert et al. provided the
first echocardiographic demonstration of a peculiar
functional abnormality of the mitral annulus in MVP
patients (i.e. an unusual systolic curling of the poste-
rior mitral annulus on the adjacent myocardium, such
that the systolic movement of the annulus was primar-
ily downward with little, if any, anterior motion, thereby
resulting in a curled appearance when visualized in re-
al-time motion) [27]. Basso et al. explored this aspect in
series of arrhythmic MVP patients. They demonstrated
that the curling of the mitral annulus is typically asso-
ciated with MAD and leads to annular hypermobility
[22]. According to the authors’ morphofunctional data,
the arrhythmic MVP is characterized by MAD, systolic
curling, and myxomatous leaflet thickening. Therefore,
they suggest a cascade of events, starting with mor-

phofunctional abnormalities of the mitral annulus (the
Padua hypothesis): MAD and systolic curling motion
are the basis for the paradoxical increase in annulus
diameter during systole, progressive myxomatous de-
generation of the leaflets, and myocardial stretch in
the LV inferobasal segment and PMs (Table 1). The
genesis of malignant arrhythmias in MVP probably rec-
ognizes the combination of the substrate (myocardial
fibrosis) and the trigger (mechanical stretch) eliciting
VPBs. The mid-systolic click or late systolic murmur in
patients with MVP is the result of an abrupt tension in
the mitral leaflet caused by the abnormal posterior leaf-
let systolic curling attributable to MAD. Thus, patients
with MVP and mid-systolic click more frequently have
stress-induced inferobasal lesions [26].

Table 1. The Padua hypothesis: Pathophysiology of ven-
tricular arrhythmias in MVP patients: the combination of
mechanical trigger and abnormal substrate

Mitral annular disjunction (MAD)

Systolic “curling” motion

Abnormal mitral leaflet traction (“click”)

Regional LV myocardial stretch/

friction(postero-basal and Mitral valve myxomatosus

: degeneration
papillary muscles)
Hypertrophy ) Purkinje Mitral valve incompetence with
) . fibers/ectopy .
and fibrosis foci LV remodeling

Malignant ventricular arrhythmias

Based on all those findings, Basso et al. suggest
a risk stratification algorithm. In patients with MVP and
risk factors such as female sex, presyncope/synco-
pe, mid-systolic click, T-wave inversion in infero-basal
leads, QT prolongation, VAs with RBBB morphology,
MAD, systolic curling should be performed CE-CMR
for detecting myocardial scarring and fibrosis and
electrophysiological study for detecting any possible
source of arrhythmias [22, 26]. This algorithm should
be applied when assessing young athletes with MVP
and giving permission for participating in competitive
sports. Basso et al. comment that it has recently been
demonstrated that only a small proportion of competi-
tive athletes with MVP develop adverse cardiovascular
events (0.5% per year) [28]. The worst prognosis was
reported in those who had both regurgitation and VAs,
suggesting a cautious restriction of competitive sports.
However, when MVP is isolated, the prognosis is ex-
cellent, and no exercise or sport restriction is required.
Noteworthy, SCD in MVP patients usually occurs while
at rest or during sleep [22].

Caselli et al. researched the prevalence and long-
term outcome of MVP in a large cohort of competitive
athletes, consecutively evaluated from 2000 to 2010.
Of 7449 athletes, MVP was found in 215 (2.9%). Six-
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ty-two of them (29%) had evidence of VAs. The re-
search shows that athletes with MVP and VAs had
higher systolic blood pressure (BP), larger LV size (29
+ 2 versus 28 + 2 mm/m2), LV mass (99 + 25 versus
90 + 22 g/m2), and LA size (36 = 5 versus 34 + 5 mm)
in comparison with those without VAs. LV function was
not different and within normal limits in all. MAD was
more frequent (16% versus 3%) in MVP athletes with
VAs. Complete follow-up data were available in 188
athletes (87%). Over 8 + 2 years, the authors recorded
8 clinical events (0.5%l/y), no SCD occurred. Athletes
with events were more frequently male (n = 8) and old-
er (40 = 5 versus 31 £ 14 years) with higher systolic BP
(130 + 4 versus 121 £ 11 mmHg) in comparison with
those without events. All of them had VAs on baseline
evaluation. Echocardiography showed larger LV size
(30 = 2 versus 28 £ 2 mm/m2) and mass (127 + 22 ver-
sus 91 £ 22 g/m2), LA size (41 £ 6 versus 34 £ 5 mm),
and higher sPAP (26 + 5 versus 21 £ 5 mm Hg) in those
with events. The study shows that MVP usually car-
ries a benign prognosis; however, a small proportion of
0.5%/y may incur adverse cardiovascular events. The
worst prognosis was reported in athletes that had MVP
associated with both MR and VAs, which suggests a
cautious restriction from competitive sports. In addi-
tion, MAD, higher systolic BP, and larger LV and LA
size could be considered additional prognostic mark-
ers. Conversely, when MVP is isolated, the prognosis
is excellent, and therefore, no sport restrictions should
be applied [28].

CONCLUSIONS

This literature review of consensus recommenda-
tions shows that mild MR and MVP are usually benign
conditions. However, young athletes should be thor-
oughly evaluated before participating in competitive
sports because of the possible cardiac complications
that these conditions might cause. All individuals should
be assessed with a clinical history, physical examina-
tion, ECG, echocardiography, and exercise stress test.

As regards to MR, the numerous studies suggest
that asymptomatic individuals with mild or moder-
ate MR may compete in all sports if they have good
functional capacity, preserved LV function, sPAP < 50
mmHg and absence of complex arrhythmias during ex-
ercise.

Young athletes with MVP should be also assessed
with a clinical history, physical examination, ECG,
echocardiography, exercise stress test and additional-
ly 24h Holter ECG monitoring. Studies point out SCD
as the most serious complication and outline several
high-risk markers that should be taken into consider-
ation. These are T-wave inversion in the inferior leads,
prolongation of the QT interval, VAs arising from the LV

[RBBB morphology], bileaflet prolapse, MAD and sys-
tolic curling. In patients with MVP who have risk factors
for SCD CE-CMR should be performed for detecting
myocardial scarring and fibrosis of the infero-basal wall
as well as electrophysiological study for detecting any
possible source of arrhythmias (Table 2). Recent rec-
ommendations suggest that asymptomatic individuals
with MVP with mild MR and absence of risk factors for
SCD can participate in all kinds of competitive sports.

Table 2. Follow-up algorithm for examination and evalua-
tion of athletes with MVP

. N Risk factors for |Further
Patient | Examination L
SCD examination
Presyncope/
Clinical history Syncope
Aborted SCD
Physical Mid-systolic click
examination
Inverted T waves CE'CMR for
in the inferior detzlct:ng myo-
leads cardial scarring
ECG - and fibrosis /
MVP Prol.ongatlon of electrophysi-
QT interval ological study
Bileaflet prolapse for dgtectmg a
] possible source
Echocardiography MAD of arrhythmias
Systolic curling
12 leads 24- VAs arising
hour Holter ECG from LV (RBBB
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