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Arrhythmia Risk and Stratification

Definitions 
Mitral valve prolapse (MVP) has been conventionally defined as a superior 
displacement of the mitral leaflets of more than 2 mm above the annular 
plane in the long axis view into the left atrium during systole. This can 
affect one or both leaflets and can be due to disruption or elongation of 
the leaflets, chordae and papillary muscles. It is also characterised by 
fibromyxomatous degeneration of the leaflets with a maximal thickness of 
more than 5 mm during diastole (Barlow’s valve). However, MVP without 
mitral valve thickening (<5 mm) has also been recognised.1 A prodromal 
morphology of a familial form of MVP has also been described, 
characterised by an elongated posterior leaflet and an anteriorly displaced 
coaptation zone (towards the aorta) with no displacement of the leaflets 
in the left atrium.2 This morphology shares, either completely or partially, 
the haplotype of complete MVP, thereby suggesting that it might be either 
a precursor or the result of incomplete penetrance of the MVP phenotype.3

Epidemiology
MVP is a common valve condition in developed countries, affecting 1–3% 
of the population.1,4 MVP may lead to significant mitral regurgitation (MR), 
left ventricular dysfunction, infective endocarditis, thromboembolism and 
arrhythmias, such as AF and ventricular arrhythmias, even leading to 
sudden cardiac death (SCD).5 Patients without significant MR have been 
shown to enjoy excellent survival rates.6 However, there is a subset of 
patients with MVP that may incur a higher risk of ventricular tachycardia 
(VT) and mortality, regardless of the presence of MR.7 In this study 
however, patients with coronary artery disease and severe MR were not 
excluded, which might confound VT and mortality outcomes.8,9 The true 
incidence of SCD due to MVP varies depending on the methods used to 
evaluate the event (autopsy versus survivors) and the available clinical 

data (ECG, echocardiogram, cardiac MRI [CMR]) and therefore may be 
underestimated. In autopsy-based studies there is a wide variability in the 
incidence of MVP-related SCD because of the uncertain causative 
relationship between the finding of MVP at autopsy and arrhythmic SCD.10 
In a series of 339 autopsy-defined sudden arrhythmic deaths, MVP was 
identified in seven, while six more were identified by reviewing 
echocardiograms, indicating that MVP-related SCD may be underestimated 
even in post-mortem studies.11

Pathophysiological Mechanism
On the microscopic level, MVP is characterised by marked proliferation 
of the spongiosa, a glycosaminoglycan and proteoglycan-rich middle 
layer contained within a spongy elastin network. This causes interruption 
of the fibrosa, the underlying, collagen-rich lower layer located towards 
the ventricular side of the valve. Secondary effects include fibrotic 
changes on the mitral valve leaflets, thinning and elongation of the 
chordae tendinae, which is also caused by accumulation of 
glycosaminoglycans and ventricular friction lesions.12 There is some 
evidence the MVP itself may be the cause of the papillary and 
peripapillary fibrotic changes.13 The pathological systolic shortening and 
deformation may exert excessive traction on the papillary muscle, 
therefore inducing fibrotic change.14,15 These fibrotic changes, friction 
lesions and myocardial stretching may give rise to ventricular arrhythmias 
either through re-entry or triggered activity.16 Furthermore, there is 
evidence of increased sympathetic activity, coupled with decreased 
vagal activity and elevated catecholamine levels in MVP patients with a 
high ventricular arrhythmic load.17 This autonomic dysfunction not only 
increases the frequency of ectopic activity but also predisposes the 
ventricular myocardium to ectopic activity.
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To summarise, the pathogenesis of arrhythmia in MVP is best explained 
when we consider the myocardial hypertrophy and fibrosis as the 
substrate with the mechanical stretch being the trigger of the arrhythmia.18

Clinical and ECG Features of Mitral Valve Prolapse 
MVP-related VT seems to occur more commonly in women – being as 
high as 70–90% in some studies.19 There is no clear reason for this 
discrepancy and is probably multifactorial. A majority of patients with 
MVP-related SCD demonstrate T wave inversions, ST segment 
depressions, or biphasic T waves on the inferior leads (II, III, aVF) on 
ECG.7,20 However, this finding alone is not specific enough to classify a 
patient’s risk by itself. Premature ventricular contractions (PVC) are 
another common finding in MVP patients. Although MR patients exhibit 
more PVCs compared with non-MR patients, even non-MR patients 
exhibit pleomorphic PVCs more commonly than the general population.7,21 
These PVCs seem to arise from the papillary muscle, the fascicular 
system and the outflow tract, areas which are often found to be under 

mechanical stress and undergoing fibrosis in MVP (Figure 1 and 
Supplementary Material Figure 1).22 

In a retrospective study that involved 25 MVP patients who underwent 
catheter ablation of PVCs, 27 PVCs originating from the papillary muscles 
were identified and they all demonstrated a right bundle branch block 
pattern. Of these, 17 arose from the posteromedial papillary muscle and 
demonstrated a superior axis with negative forces in leads II and III, while 
10 originated from the anterolateral papillary muscle and demonstrated 
an inferiorly directed axis (n=5) or inferior lead discordance (n=5), with 
negative QRS in lead II and positive QRS in lead III. Furthermore, four 
patients presented with PVC-associated VT and a fifth patient, who died 
during follow-up, presented with PVC-mediated cardiomyopathy. ST-T 
wave changes were present in 15 patients, affecting the inferior leads in 
five patients, the lateral leads in four and both in six patients. In a series 
of 14 patients with MVP and ventricular ectopy, at least one of the ectopic 
foci originated from the papillary muscle or the Purkynje system and 
ablation at these foci resulted in symptom relief and a reduction in 
defibrillator shocks in 12 of these patients.23 A cross-sectional study that 
examined 100 MVP patients and 100 healthy subjects detected early 
repolarisation phenomena (a notch in the descending arm of the QRS 
complex and ST elevation) in 74% of the patients (51% in inferior leads, 
23% in I, aVL, and 8% in all three leads) while these phenomena were only 
observed in six subjects in the control group.24

Echocardiography
Echocardiography can easily recognise MVP in the parasternal long axis 
view and is defined as a superior displacement of the mitral leaflets of 
more than 2 mm into the left atrium during systole. Also leaflet length, 
redundancy and thickness are evaluated during diastole, and 3D 
echocardiography can also estimate the extent of the prolapsed segments 
(Figure 2).

The literature suggests that mitral annular disjunction (MAD) is a significant 
negative prognostic factor in MVP, characterised by a detachment of the 
‘roots’ of the annulus from the ventricular myocardium. The posterior 
leaflet under the P1 and P2 segments of the valve is most commonly 
affected because the anterior leaflet is supported by the dense fibrous 
trigones of the cardiac skeleton. A frame-by-frame analysis of a 2D 
echocardiography in the parasternal long axis view usually confirms the 
diagnosis (Figure 3 and Supplementary Material Figures 2 and 3). MAD 
can also be recognised in the apical four-chamber view (Figure 4) and 3D 
echocardiography has shown that the disjunctive annulus exhibits 
paradoxical expansion and flattening during systole. MAD is not always 
present in patients who have MVP and it can be found in patients without 
MVP. In a Norwegian study which enrolled 116 patients with MAD, 34% of 
them presented with severe VT.25 This study supported that papillary 
muscle fibrosis may be linked to severe arrhythmic events and showed an 
association among PVCs, arrhythmic events and MAD independently of 
the presence of MVP, indicating that MAD itself may be an arrhythmogenic 
entity. However, more studies are needed to prove and better define this.

MR frequently develops in patients with MVP. It is quantified by 
echocardiography based on the recommendations for the non-invasive 
evaluation of MR more frequently uses the proximal isovelocity surface 
area and vena contracta method. One study showed that severe MR is an 
independent predictor of ventricular arrhythmias.26 However, in a recent 
systematic review of MVP and SCD most of the patients experienced SCD 
in the setting of non-severe MR. Even patients with mild or moderate MR 
are at risk of SCD.27

Figure 1: 12-Lead ECG with Premature Ventricular 
Contractions Arising Either from the Mitral 
Annulus or from the Posterior Papillary Muscle

Figure 2: Bileaflet Mitral Valve Prolapse with 
Flail (Black Arrow) Posterior Lateral Scallop 
Imaged with 3D Echocardiography
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Finally, in a study of 21 patients with bileaflet MVP and MR, patients at a 
high risk (67% versus 22%; p<0.08) to develop a ventricular arrhythmia 
were identified by increased peak systolic lateral velocity of the lateral 
mitral annulus >1.6 m/s.28 This so called Pickelhaube sign was not present 
in the low-risk group. However larger studies are required to confirm the 
validity of this sign.

Cardiac MRI
After identifying fibrotic changes at post-mortem, Basso et al. theorised 
that these changes can be identified in vivo by means of CMR. CMR is the 
ideal diagnostic test to identify specific arrhythmogenic fibrotic regions 
and also provide evidence of MAD (Figure 5).29 In a series of 43 cases of 
SCD in young patients with MVP papillary muscle fibrosis (88%) or 
inferobasal fibrosis (93%) was identified and late gadolinium enhancement 
(LGE) distribution on CMR correlated with histopathological findings.20 In 
another series of 62 cases, fibrosis of at least one papillary muscle or the 
adjacent left ventricular (LV) wall was identified.30 In a study comparing 
the prevalence of LV fibrosis in MR patients with and without MVP, higher 
prevalence was identified in the MVP group (36.7% versus 6.7%; p<0.001).31 
The fibrotic pattern was most commonly found in the basal inferolateral 
(31.1%) and basal inferior (10.7%) wall. During follow-up, an arrhythmic 
event occurred in 4.5% (n=8) of MVP patients, with the highest event rate 
being recorded in MVP patients with replacement fibrosis. This study also 
suggests that MVP may promote fibrotic changes beyond those that 
follow the MR-associated volume overload.

A forensic study of 17 MVP-SCD patients and 17 matched controls, 
showed that LV fibrosis was significantly higher in the posterior and 
lateral walls compared with the anterior wall and interventricular 
septum with a significant endocardial-to-epicardial fibrotic gradient, 
while the right ventricular fibrotic changes were comparable between 
the two groups, thereby suggesting that both localised and generalised 
fibrosis contributes to the pathogenesis of SCD.32 However, the 
posteromedial and anterolateral papillary muscles, the inferobasal 
portion as well as leaflet thickness and annular disjunction were not 
evaluated, as these are areas of interest relating to localised fibrotic 
change. Also, inability to assess atrial enlargement does not exclude the 
suspicion of subclinical MR, especially in the context of increased 
cardiac mass.33

A prospective study of 400 MVP patients detected replacement myocardial 
fibrosis by LGE CMR in 110 patients, most commonly localised in the basal 
inferolateral wall and the papillary muscle. Fibrosis was detected in mild 
MR (13%), 28% in moderate and 37% in severe MR and was associated 
with a more dilated LV and more frequent ventricular arrhythmias (VAs) 
(45% versus 26%, p<0.0001).34 In the subgroup of patients with mild MR, 
abnormal LV dilatation in the absence of volume overload was detected in 
16% of patients, furthering the evidence of MVP-related fibrosis, and VAs 
in 25%. Replacement fibrosis was associated with worse 4-year 
cardiovascular event-free survival.

Another retrospective study of 41 patients with MVP indicates that even 
the presence of diffuse subclinical ventricular fibrosis was associated with 
a higher ventricular arrhythmic load and might be a precursor of focal 
papillary fibrosis.35

Finally, severe curling, defined as an unusual systolic motion of the 
posterior mitral ring >3.5 mm, has been associated with myocardial 
fibrosis and has been identified with LGE in a study of 54 MVP patients.36 
A 3.5 mm cut-off was the median in this study.

Risk Stratification
Risk stratification of MVP is not clear despite the plethora of risk factors 
associated with it because there is still no strong predictor of malignant 
arrhythmias. Additionally, it is not clear which combination of risk factors 
incurs the highest risk. Another challenge is that people with high risk 
exist among a much larger population who are traditionally perceived as 

Figure 3: Mitral Annular Disjunction Characterised 
by the Detachment of the Roots of the Posterior Part 
of the Mitral Annulus Under P1 and P2 Segments

Figure 4: Presence of Mitral Annular 
Disjunction at the Four-chamber View on 
Transthoracic Echocardiography

The white arrow shows detachment of the ‘roots’ of the annulus from ventricular myocardium at 
the parasternal long axis view transthoracic echocardiography. LA = left atrium; LV = left ventricle.

The white arrow shows detachment of the ‘roots’ of the annulus from ventricular myocardium. 
LV = left ventricle; RV = right ventricle.
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low-risk patients. However, identification of features, such as complex 
ventricular ectopy, echocardiographic features of leaflet redundancy or 
MAD and repolarisation abnormalities on ECG should lead to further 
evaluation with a 24-hours, 7-day rhythm Holter monitoring of the VA load 
and also CMR evaluation of the LV regardless of the LV ejection fraction, 
the degree of MR and the LV end systolic diameter. Bileaflet MVP and 
leaflet thickening have been considered as high-risk features of SCD but 
prognostic significance of these features is unclear.20,22,37 While it seems 
that there is a 42% prevalence of bileaflet MVP in young idiopathic out-of-
hospital cardiac arrest survivors, bileaflet MVP without any additional risk 
factors did not significantly increase the risk of SCD or defibrillator 
implantation.22,37 

The literature suggests that SCD more commonly occurs in younger 
women with MVP, however this has not been verified in all studies.38,7 In 
patients with MVP and syncope it is imperative to determine the nature of 
the syncope. Arrhythmic syncope is suspected if it occurs either during 
strenuous exercise or during rest without any previous warning symptoms. 
For patients with MVP, suspected arrhythmic syncope and evidence of 
scarring, it is acceptable to consider an electrophysiology study. If it is 
unremarkable or not feasible, implantation of a loop recorder may be 
considered dependent on the amount of high-risk features present.39 
However, it should be mentioned that programmed electrical ventricular 
stimulation as a means to stratify the VA risk is of limited significance as 
the induction of polymorphic VT is a non-specific finding.40 Patients with a 
truly positive study should undergo implantation of an ICD.

The American Heart Association and the European Society of Cardiology 
guidelines for VA and SCD prevention have no specific recommendation 
for MVP risk stratification.5,41 The management of low-risk MVP patients 
with polymorphic VA consists of lifestyle modifications such as avoiding 
stimulants such as caffeine, tobacco, alcohol and recreational drugs, and 
the agents of choice are β-blockers in both symptomatic and 
asymptomatic, non-sustained or sustained VA. An ICD would be indicated 

for the secondary prevention of out-of-hospital cardiac arrest. There are 
no validated scores to help stratify risk and decisions should be shared 
with the patient after a frank, transparent and honest discussion. Role of 
family history of MVP, MAD and SCD can also help identify risk, but 
specificity is unknown. Family members of SCD patients who are identified 
as having MVP should undergo evaluation, but there is a lack of evidence 
to support this.

Catheter Ablation
Catheter ablation of scar-related malignant arrhythmias has been 
reported as an effective treatment.23,42 PVC triggers, which are often 
located on the papillary muscles, can be mapped and ablation can be 
performed successfully, which also leads to a reduction in the need for 
ICD therapies.23 Papillary muscle ablation can be technically demanding 
because of catheter instability, intramural origin and the need to ablate at 
the base of the papillary muscle.43 However, in a study of 15 MVP patients 
that underwent ablation of high-burden PVCs, ventricular bigeminy, non-
sustained or sustained VT, five patients developed haemodynamically 
significant VT or VF and underwent ICD implantation over 9 years of 
follow-up. In three of these five patients there was also appropriate ICD 
therapy.44 This late recurrence can arise from arrhythmic foci not present 
at the time of ablation, highlighting the need for long-term follow-up of 
these patients.

Mitral Valve Repair and Exercise 
Recommendations
Mitral valve repair should reverse the deformed structure and relieve the 
papillary muscles, promoting positive remodeling and reducing the 
arrhythmic load. There is evidence that mitral valve surgery can be 
beneficial in younger patients (<42 years).45–49 However, data are limited 
and surgery may not effectively reduce the rate of malignant arrhythmias.50

Due to the benign clinical course of the condition in most people, 
asymptomatic patients with mild or moderate MR can participate in 
competitive and informal sports. Exercise restrictions should only be 
recommended in athletes with MVP that present the following features: 
prior arrhythmogenic syncope, sustained or repetititve non-sustained VT, 
or complex VAs recorded on Holter monitoring, T wave inversions on 
inferior leads, long QT, basal inferoseptal wall fibrosis, bileaflet mitral 
valve prolapse, severe MR, LV systolic dysfunction (LV ejection fraction 
<50%), prior embolic event, or family history of MVP-related SCD. Athletes 
presenting with any of these features should participate only in low-
intensity competitive sports such as golf, alternatively low-intensity 
aerobic exercise should be encouraged on the basis of maintaining 
general well-being.51,52 The incidence of adverse cardiovascular events 
in patients without any high-risk features is 0.5%, according to one 
study.53

ICD
There are limited data supporting prophylactic ICD implantation in 
patients with MVP and high-risk features. In a study of 13 MVP patients 
who underwent ICD implantation as secondary prevention, nine had 
documented non-sustained VT, two had received anti-tachycardia pacing 
and two had received defibrillation.54 Therefore, MVP patients with high-
risk features should be closely monitored for malignant arrhythmias and 
may be considered for ICD implantation.

Lack of Solid Evidence
Due to the nature of the disease, most of the data regarding the 
incidence, diagnosis and possible treatment options come from 

Figure 5: Cardiac MRI with Evidence of 
Mitral Annular Disjunction (Yellow Line)

LA = left atrium; LV = left ventricle.
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inadequately powered studies either due to confounding factors or low 
sample number.7–9,22–25,27,32,43–50 The scarcity of large-scale, randomised, 
double-blind studies on the subject should also be noted. Further 
studies will help clear doubts by adding solid data to the current 
knowledge on MVP.

Conclusion
There is an association between MVP and SCD. Identifying the most 

at‑risk individuals is a demanding task which requires careful evaluation 
of patients with clinical and echocardiographic features. The presence 
and history of PVCs play a prominent role and further evaluation with 
CMR, 24-hour ambulatory monitoring or invasive procedures may be 
indicated in selected patients. Further large-scale studies are required to 
clearly identify the risk factors that could lead to an accurate identification 
of high-risk individuals, paving the way for appropriate and successful 
primary prevention intervention. 

Clinical Perspective
•	 Mitral valve prolapse, albeit a common condition, is associated with ventricular arrhythmias and sudden cardiac death.
•	 Electrocardiographic features include ST-segment depression, T wave inversion or biphasic T waves in the inferior leads, QT prolongation 

and premature ventricular complexes. 
•	 Echocardiography can identify mitral valve prolapse as well as mitral annular disjunction, a high-risk feature for ventricular arrhythmias, while 

late gadolinium enhancement cardiac MRI can detect the fibrotic arrhythmogenic regions in the papillary muscles and ventricular 
myocardium.

•	 Patients with high-risk features should be referred for further evaluation, but risk stratification is challenging.
•	 An ICD and/or mitral valve repair should be considered in truly high-risk patients.
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