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The association of mitral valve prolapse (MVP) with ventricular arrhythmias has long
been known and has generally been considered a benign condition. In recent years,
however, a small but not negligible risk of malignant ventricular arrhythmias and
sudden cardiac death has been documented in the large population of subjects with
MVP. The main predictors of major arrhythmic risk identified so far include history of
syncope, ventricular repolarization abnormalities in the inferior-lateral electrocar-
diogram leads, right bundle branch block morphology of ventricular ectopic beats,
finding of areas of myocardial fibrosis on cardiac magnetic resonance, and mitral an-
nular disjunction (MAD) on echocardiogram, as well as a possible pro-arrhythmic ge-
netic substrate. The stratification of arrhythmic risk, with the active search for red
flags and in particular of MAD, is important to identify patients with the malighant
arrhythmic variant of MVP in whom to implement closer surveillance and possible
therapeutic interventions.

Introduction

Mitral valve prolapse (MVP) is an alteration of the mitral
valve defined by echocardiography as a dislocation of one
or both valve leaflets >2mm with respect to the plane
passing through the mitral valve annulus, evaluated in par-
asternal long-axis projection. This morphological alteration
was first described by Barlow and Bosman' and is charac-
terized histologically by an abnormal accumulation of pro-
teoglycans which causes redundancy and thickening of the
valve leaflets as well as chorda elongation, all elements re-
sponsible for the morphological alterations of the valve.
Mitral valve prolapse has a prevalence in the general
population of 2-3%% and, unless the coexistence of signifi-
cant valvular dysfunction, has generally been considered in
the past to be a benign condition, only associated with a
higher incidence of palpitations due to benign ventricular
ectopic beats. However, MVP can be the subject of poten-
tially severe complications, such as severe mitral insuffi-
ciency, infective endocarditis, stroke, and finally sudden
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cardiac death (SCD) and in recent years it has been the sub-
ject of studies that have increasingly suggested the exis-
tence of an association between MVP, in particular, the
forms with myxomatous bileaflet redundancy, and a clini-
cally relevant risk of arrhythmic events, with an annual
MVP incidence of 0.2-0.4%, so much so as to suggest the
existence of a ‘malignant arrhythmic variant’ of this valvul-
opathy.*’

In a recent systematic review of 79 articles relating to
the description of 161 cases of MVP with SCD or cardiac ar-
rest with a mean age of 36 = 16 years, 69% of cases women,
the estimated incidence of SCD was 0.21%.%

Evidence in favour of the existence of a
malignant arrhythmic variant of mitral valve
prolapse

In a large series of the Mayo Clinic, it has been observed
that in patients with MVP the presence of significant valvu-
lar insufficiency, associated with severe symptoms and left
ventricular dysfunction, carries a significant risk of SCD,
which is reduced by surgical correction of the valvulopathy.
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Within this series, however, a non-negligible risk of SCD
was also observed in oligo-symptomatic patients with nor-
mal left ventricular function.’

To evaluate the correlation between the presence of
MVP and the occurrence of life-threatening arrhythmic
events, Siram et al.® starting from a large retrospective
study conducted from 2000 to 2009 involving 1200 patients
who survived cardiac arrest due to shockable rhythms,
evaluated the electrocardiographic and echocardiographic
characteristics of 24 patients (2% of the total, 16 of them
women, mean age 33 years) in whom organic heart disease,
including coronary artery disease and coronary anomalies,
or electrical abnormalities, were excluded. An unusually
high prevalence of bileaflet MVP was found in this cohort of
subjects (10 patients, equal to 42% of the total, in 90%
women compared to that of the general population, and
generally not associated with significant mitral insuffi-
ciency). Abnormalities in ventricular repolarization with
biphasic or negative Twaves were seen more frequently on
baseline electrocardiogram (ECG) of patients with bileaflet
MVP, generally in the inferior leads (78% in patients with
bileaflet MVP vs. 29% in other patients), while ECG-Holter
revealed a significantly higher incidence of ventricular ec-
topic beats (VEBs) (P=0.002), bigeminy (P < 0.0001), and
sustained or non-sustained ventricular tachycardia (78% vs.
10%), often with different morphologies alternating fascic-
ular origin, origin from papillary muscles and from the left
ventricular outflow tract. The authors conclude by suggest-
ing that the presence of a bileaflet MVP, especially in young
female subjects, in the presence of ventricular repolariza-
tion abnormalities in the inferior leads, and of the ECG-
Holter evidence of complicated VEB s, may represent a
condition with potential arrhythmic risk, which clinical rel-
evance, however, requires confirmation by further studies.

To better investigate the predictive characteristics of
significant arrhythmic risk in patients with MVP in the ab-
sence of significant valvular dysfunction, Basso et al.” con-
ducted two studies, comparing their results:

The first is a retrospective autopsy study involving all
SCDs occurred in Veneto in subjects aged <40years be-
tween 1982 and 2013 (650 subjects) from whom 46 patients
were selected (7%, which rises to 13% considering only the
female sex) in whom MVP was the only detectable anomaly,
excluding subjects with more than mild associated mitral
insufficiency. The pathological characteristics of the heart
of these patients were compared with those of 15 subjects
of the same age and sex who died of non-cardiac causes,
showing a clear prevalence of fibrotic scars in subjects
with MVP (100% at the level of the papillary muscles and
88% at level of the inferior-basal wall) absent in the control
group. The evaluation of previous ECG tracings (available
in 28% of subjects) showed a high prevalence of negative or
iso-diphasic Twaves in the inferior leads (83%) and ventric-
ular arrhythmias with right bundle branch morphology in
all patients.

The second is a prospective study that evaluated
patients with MVP undergoing 12-lead ECG-Holter-24 h for
arrhythmia evaluation in the period 2010-13, excluding
subjects with valvular dysfunction or other associated car-
diac pathologies, and subdividing them on the basis of this
test in two groups: 30 patients with evidence of complex

ventricular arrhythmias (ventricular tachycardia > 3 beats
or ventricular fibrillation) compared with 14 patients with-
out such arrhythmias. All subjects with complex ventricular
arrhythmias presented ventricular tachycardia originating
from the left ventricle (right bundle branch morphology)
with a superior (87%) or inferior (43%) axis, and the major-
ity had bileaflet MVP (70% vs. 36% in the patients without
complex arrhythmias). All patients underwent cardiac
magnetic resonance (CMR) imaging which showed a signifi-
cantly higher prevalence of late gadolinium enhancement
(LGE) in patients with complex arrhythmias (93% vs. 14%;
P <0.001), mainly localized to the papillary muscles (83%,
at the base of the papillary muscle or at the level of the
mid-apical portion) or of the inferior basal wall (73%). This
fibrosis appears histologically different from that with
ischaemic genesis, as it is not compact but interposed be-
tween hypertrophic cardio-myocytes.

The comparison between the pathological findings of
patients with MVP who died suddenly and the appearance
detected on CMR in subjects with MVP and complex
arrhythmias showed a remarkable agreement in the pres-
ence and distribution of fibrosis between these two catego-
ries of patients. The authors conclude by hypothesizing
that the identification of an arrhythmic substrate by means
of CMR could have a significant role in the stratification of
the risk of arrhythmic events in patients with MVP. Given
the impossibility of extending this investigation indiscrimi-
nately, they suggest limiting it to patients with MVP associ-
ated with additional risk factors, such as abnormalities in
inferior ventricular repolarization, complex ventricular
arrhythmias with right bundle branch morphology, or his-
tory of relevant clinical events (syncope, pre-syncope, or
cardiac arrest).

Stratification of arrhythmic risk

From the analysis of the studies available in patients with
MVP and major arrhythmic events, clinical-instrumental
features useful for recognizing potentially ‘malignant’ MVP
subjects at risk of threatening ventricular arrhythmias
were identified (Table 7).

Demographic characteristics

Female sex and young age appear to be correlated with a
greater risk of the occurrence of arrhythmic events in
patients with MVP.*> In young people aged <40years, in
particular, MVP is considered responsible for 7% of SCDs.

Physical examination

The mid-systolic click is an auscultation finding described
in some patients with MVP that follows a sudden tension of
the mitral leaflet. In patients with MVP and CMR documen-
tation by LGE Perrazzolo Marra et al.'® found a higher prev-
alence of mid-systolic click on cardiac auscultation
compared to patients with no such finding (72% vs. 38%—
P=0.018). This association is explained by a greater ten-
sion overload on some components of the valve attached to
the inferior-basal wall, of which the click represents the
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sound expression, as a result of which areas of myocardial
fibrosis can develop more frequently.

Twelve-lead electrocardiogram

In patients with MVP and arrhythmic episodes, electro-
cardiographic findings of alterations in ventricular repo-
larization with biphasic or negative T waves in the
inferior-lateral leads or ST-segment elevation in these
sites are frequently reported.*> This finding appears to
be an expression of the presence of a disturbance in the
repolarization of these regions, an effect of overload
and loco-regional fibrosis generated by the MVP itself.

Electrocardiogram -Holter

The incidence of VEB is extremely common in patients with
MVP, equal to 49-85% in 24-h ECG-Holter studies. In
patients with MVP on evaluation with 12-lead ECG-Holter, a
right bundle branch block morphology is observed in most
cases with more frequent origin in the papillary muscles,
from the postero-basal wall or the outflow tract of the left
ventricle, a finding consistent with an irritative genesis
produced in these sites by the altered mechanical dynam-
ics induced by MVP.>'? In a recent work, Essayagh et al.?
analysed the 24-h ECG-Holters of 595 patients with MVP
finding a high prevalence VEBs (> 5% of total beats in 43%
of patients), while severe arrhythmias are were rarer (ven-
tricular tachycardia with frequency> 180 b.p.m. in 9% of
patients). The severity of arrhythmic events was directly
related to the presence of structural anomalies, such as mi-
tral annular disjunction (MAD), increased redundancy of
the leaflets, and the detection of inverted Twaves and/or
depressed ST segment in the inferior-lateral leads
(P < 0.0001), while no association with the degree of mitral
insufficiency or left ventricular ejection fraction has been
documented. Mortality in the subsequent follow-up of
~8years was closely associated with the severity of the ar-
rhythmia, ranging from 10% in the forms without arrhyth-
mias or with mild forms up to 24% in patients with severe
arrhythmias (P=0.02).

Left ventricular fibrosis

Fibrous myocardial replacement is a condition common to
many heart diseases and is generally related to a worse
prognosis of the underlying disease.” The histological
analysis reported by Basso et al.* of the fibrotic myocardial
areas present almost constantly in the papillary muscles
and the basal posterior-lateral wall of the left ventricle in
MVP patients who died from SCD has documented a pecu-
liar alternation between areas of fibrosis and viable and hy-
pertrophic cardio-myocytes, a possible cause of electrical
inhomogeneity underlying arrhythmic events.

In a recent large study Constant Dit Beaufils et al.,"* 400
patients with MVP underwent CMR detecting a higher inci-
dence of cardiovascular events at 4years in the 110
patients (25%) with LGE generally located in the inferior-
posterior region and in the papillary muscles, compared to
patients without this finding, with a cardiovascular event-

Table1 Predictive factors of arrhythmic risk in patients
with mitral valve prolapse

Female sex, young age

History of pre-syncope or syncope

Cardiac auscultation: mid-systolic click

ECG: negative Twaves in the inferior-lateral leads, ST seg-

ment elevation, QT prolongation

o Twelve-lead Holter: polymorphic and repetitive VEBs,
RBBB morphology

e Echocardiogram: bileaflet prolapse, MAD, systolic curling

e (Cardiac magnetic resonance: LGE in the inferior basal area

and papillary muscles

LGE, late gadolinium enhancement; MAD, mitral annular disjunc-
tion; RBBB, right bundle branch block; VEB, ventricular ectopic
beats.

free survival of 49% vs. 74% (P<0.0001). LGE was also
found in 13% of 120 subjects with minimal or mild mitral in-
sufficiency and this finding was related to greater left ven-
tricular dilation, not justified by increased haemodynamic
load, so much so that the authors hypothesize the
existence of cardiomyopathy associated with MVP.
Furthermore, in patients with LGE, a higher incidence of
both simple and complex ventricular arrhythmias was ob-
served regardless of the degree of mitral insufficiency, fur-
ther demonstration of the role of marker of increased
arrhythmic risk represented by the evidence of ventricular
fibrosis in patients with MVP.

Mitral annular disjunction

Mitral annular disjunction (MAD), first described by Bharati
et al.” is a frequently encountered anatomical finding in
patients with MVP and has been correlated with an in-
creased arrhythmic risk. Mitral annular disjunction is mor-
phologically characterized by an increase in the fibrous
separation between the insertion of the posterior mitral
leaflet with the atrial wall and the ventricular muscle wall
(Figure 1). This measurement is detected in end-systole in
the long-axis view at the level of the basal inferior-
posterior wall by echocardiogram or CMR. In an initial
autopsy study on 900 patients, this anatomic alteration
was closely associated with the presence of MVP (92% vs.
5%—P < 0.001), suggesting that the excessive motility of
the leaflets generated by this condition could represent
the cause of the MVP itself.'® Subsequent studies have
scaled down the prevalence of MAD in patients with MVP,
reporting a prevalence ranging from 16% to 42% in patients
with MVP.>1718

Lee et al.'® analysed the dynamic morphological charac-
teristics of the mitral annulus in 42 patients with MVP and
MAD (defined as separation > 5mm between the mitral-
atrial junction and the ventricular wall) by means of a real-
time 3D transoesophageal echocardiogram, comparing
them to subjects with normal mitral valves. Under normal
conditions the mitral annulus passively undergoes the di-
rect effect of the mechanical contraction of the ventricle,
showing in systole a reduction in diameters, especially
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Figure 1 Echocardiogram of a patient with bileaflet mitral valve prolapse The parasternal long-axis view in the end-systolic phase shows a separation of
5.7 mm between the insertion point of the posterior mitral leaflet on the atrial wall and the beginning of the basal muscular portion of the posterior wall

of the left ventricle, called annular-mitral disjunction (MAD).

antero-posterior, and an accentuation of the ‘saddle’ mor-
phology due to displacement towards the ventricular apex
of its medial and lateral portions. In the presence of MAD,
the annulus is no longer affected by the direct effect of
ventricular contraction but behaves like the rest of the left
atrium wall, undergoing an outward stretch. As a conse-
quence, flattening and paradoxical expansion of the mitral
annulus occurs in subjects with MAD. Since the dynamic
alterations of the annulus are necessary to correctly bal-
ance the haemodynamic stress of systole on all components
of the valve, in patients with MAD the different distribution
of mechanical stress in the different ventricular portions
can cause greater hypertrophy and fibrosis of some ventric-
ular segments, such as the papillary muscles and the
inferior-posterior basal wall.

Perrazzolo Marra et al.'® analysed the cardiac anatomi-
cal characteristics of 36 consecutive patients with MVP
without significant insufficiency but with complex arrhyth-
mic events (ventricular fibrillation or sustained or non-
sustained ventricular tachycardia) and evidence of LGE on
CMR comparing them with 16 subjects with MVP without
evidence of LGE. In patients with LGE, a greater degree of
MAD (4.8 vs. 1.8mm—P < 0.001), dilation of the mitral an-
nulus, ‘systolic curling motion’ (defined as systolic curva-
ture of the posterior mitral annulus) was found on the
adjacent myocardium, and thickening >1.5cm. of the in-
ferior basal wall compared to the inferior wall average, vs.
subjects without LGE. The higher prevalence in patients
with LGE of meso-systolic click was associated with systolic
‘curling’ of the posterior mitral ring which causes sudden
tension in the mitral leaflet with the development of
lesions of the inferior-basal wall from tension overload.
The authors then analysed the autopsy data of 50 patients
who died from SCD in which MVP (64% bileaflet) associated

with left ventricular fibrosis was found, comparing them
with those of 20 subjects who died of non-cardiac causes
and finding in the first group a degree of MAD significantly
higher. The authors conclude by stating that the association
between MAD and left ventricular fibrosis is a constant
finding in patients with ‘arrhythmic’ MVP, proposing it as a
morphological marker of increased risk.

Faced with the evidence of close correlation of MAD with
the forms of MVP at greater arrhythmic risk, Basso et al.”
have advanced the hypothesis that MAD and systolic
‘curling’ of the posterior mitral annulus are the initial
causes in determining an anomalous traction on the mitral
valve, resulting in stretching and excessive overload of the
postero-basal wall and of the papillary muscles, with con-
sequent hypertrophy and subsequently loco-regional fibro-
sis and an increased focal ectopic activity of the Purkinjie
fibres; myxomatous degeneration of the mitral valve with
progressive valve insufficiency and left ventricular remod-
elling. The set of these elements, representing the combi-
nation of abnormal substrate and mechanical trigger, could
explain the higher occurrence of malignant ventricular
arrhythmias in patients with MAD and MVP.

More recently Dejgaard et al.'® examined 116 patients
with MAD who underwent CMR, 78% of whom with associ-
ated MVP, evaluating the distinctive features of 14 patients
(12%) with previous severe arrhythmic events (resuscitated
cardiac arrest or sustained ventricular tachycardia). In this
series, arrhythmic events were more frequently related to
the presence of papillary muscle fibrosis (36% vs. 9%) and
to the extent of MAD, while no significant correlation with
the presence of MVP was found. Based on these results, the
authors hypothesized that the MAD may represent a mor-
phological entity in its own right with respect to the MVP,
with which it can overlap, with its own arrhythmogenic
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action and therefore to be actively sought after in the
stratification of arrhythmic risk.

A new marker of echocardiographic risk

The abrupt tension towards the apex to which the
posterior-basal wall of the left ventricle is subjected in the
middle of the systole can be clearly evidenced by the trace
of the tissue Doppler (TDI) sampled there in the long axis,
with the evidence of a peak in the middle of the systole
similar to the tip present on Prussian helmets and therefore
called ‘Pickelhaube’s sign’, judged significant when
>16 cm/s.2° The sudden systolic overload of which this sign
is an expression can act as a trigger for the onset of ventric-
ular arrhythmias; however, the role of this marker for ar-
rhythmic risk stratification has not yet been established.

The coexistence of MAD and left ventricular fibrosis con-
stitutes the substrate of the so-called ‘malignant MVP’
which probably represents a more frequent entity in adult
women with meso-systolic click on cardiac auscultation,
mitral involvement of both leaflets, alterations of ventric-
ular repolarization in the inferior ECG leads, VEB with right
bundle branch block or polymorphic morphology and no or
mild mitral regurgitation.?’

Pro-arrhythmic genetic substrate

Recently, it has been shown that arrhythmogenic bileaflet
MVP can recognize an inherited genetic predisposition
linked to a mutation of the sarcomeric protein filamin C,
associated with different forms of cardiomyopathy: di-
lated, hypertrophic, and restrictive.?2

Practical recommendations

The SCD prevention guidelines published in 2015 by the
European Society of Cardiology (ESC) do not even consider
MVP as a risk condition worthy of further evaluation.?®

The recent ESC guidelines on sport activity in subjects
with heart disease?* define the risk of events during sport
activity in subjects with MVP in the absence of severe mi-
tral insufficiency as globally low. However, they suggest
that these subjects should undergo 12-lead ECG, ergomet-
ric test, and ECG-Holter and, in patients with inverted T
waves in the inferior leads or evidence of ventricular
arrhythmias originating from the left ventricle, also CMR to
rule out fibrosis of the inferior-basal wall. The presence of
bileaflet MVP, negative Twaves in the inferior leads, fibro-
sis of the inferior-lateral wall, family history of SCD, and
evidence of complex arrhythmias are considered sufficient
to exclude these subjects from competitive sport allowing
only low-intensity aerobics physical activity.

For the purposes of stratifying the arrhythmic risk and
with a view to the appropriate use of resources, the algo-
rithm proposed by the Padua group’ seems particularly use-
ful, which recommends stratifying the arrhythmic risk of
patients with MVP by looking for ‘red flags’, in particular,
the detection of MAD and systolic curling on the echocar-
diogram in addition to the arrhythmic presentation and
ECG alterations, then submitting patients with these

markers to CMR for the search for areas of fibrosis and close
surveillance for ventricular arrhythmias and the prevention
of SCD. The electro-physiology study (EPS) is not routinely
recommended since the prognostic significance of any in-
duction of ventricular tachyarrhythmias is not known.

Treatments to reduce the risk of sudden
death

There is currently no clear evidence indicating how to man-
age a patient with MVP judged to be at high arrhythmic
risk.

e Medical therapy: the empirical use of beta-blocking
drugs is often recommended on the basis of the docu-
mented elevation of sympathetic tone in patients with
MVP. However, this practice is not supported by ran-
domized clinical trials.

o Electrophysiology study and ablation of the arrhythmic
substrate:

Evidence in this regard is very scarce. EPS may be indi-
cated in patients with MVP, suspected arrhythmic syncope,
and evidence of myocardial fibrosis. Syed et al.?® treated
14 consecutive patients with EFS and catheter ablation,
with ‘arrhythmic’ bileaflet MVP and mild mitral insuffi-
ciency, comparing the results between the 6 subjects with
previous cardiac arrest and with implantable defibrillator
(ICD) and the 8 patients with symptomatic complex ven-
tricular arrhythmias. In all patients, it was possible to iden-
tify an arrhythmic focus at the fascicular or papillary
muscle level. Inducibility of pacing ventricular fibrillation
in Purkinje tissue was documented in all patients with pre-
vious cardiac arrest and in most of those in the other group.
Transcatheter ablation of the arrhythmic substrate
resulted in a reduction in symptomatic ventricular arrhyth-
mias in 85% of patients in the follow-up and a reduction in
appropriate shocks in ICD patients despite the need to re-
peat the procedure in the follow-up for the development
of new arrhythmic foci. An important consideration regard-
ing this study is that the effectiveness of the procedure in
reducing the frequency of VEBs does not automatically
translate into a reduction in the risk of potentially fatal
arrhythmias.

e ICD implant. It is currently indicated only in secondary
prevention in patients with MVP in whom the diagnos-
tic work-up has not revealed any reversible causes.

o Mitral valve repair or replacement surgery. Mitral sur-
gery has been shown in small studies to reduce malig-
nant ventricular arrhythmias in patients with MVP and
severe mitral insufficiency, possibly by reduction of
left ventricular overload, while there is no evidence
to support surgery aimed solely at reducing the ar-
rhythmic risk in subjects with MVP in the absence of
significant valvular dysfunction.

In conclusion, there are currently insufficient data avail-
able to draw conclusions regarding the efficacy of surgical
or percutaneous procedures in reducing the arrhythmic risk
of patients with MVP.
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Conclusion

MVP is a widespread and generally benign condition.
However, when MVP is associated with the presence of spe-
cific markers of arrhythmic risk, such as inferior-lateral
electrocardiographic changes, MAD or the presence of
inferior-postero basal fibrosis, it can be related to an in-
creased arrhythmic risk and rarely to SCD. Further studies
are needed to improve prognostic stratification and evalu-
ate the indication and effectiveness of therapeutic inter-
ventions in reducing the incidence of arrhythmic events
and SCDs in the large population of patients with MVP.

Conflict of interest: none declared.
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