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The Promise of Machine Learning and Multimodal Phenotyping
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itral valve prolapse (MVP) is the most

common valvular heart disease, affecting

approximately 2% to 3% of the general
population. Although the prognosis is generally
benign in the absence of mitral regurgitation (MR),’
a small, poorly defined subset of individuals remains
at higher risk for malignant ventricular arrhythmias
and sudden cardiac death (SCD).” The association be-
tween MVP and SCD has been reported with an
annual incidence <1%, yet higher than in cases of
idiopathic ventricular fibrillation.®> Due to the low
event rate and the lack of large prospective cohorts,
risk stratification in MVP remains challenging.

In this issue of JACC: Clinical Electrophysiology,
Tastet et al* provide a robust methodologic
approach by integrating comprehensive clinical,
electrocardiographic (ECG), and echocardiographic
evaluations with unsupervised machine learning (ie,
hierarchical clustering) to reveal hidden phenotypic
differences in patients with MVP but no significant
MR. This innovative use of artificial intelligence-
generated clusters defines the arrhythmic MVP
(AMVP) phenotype with greater
leveraging all-cause mortality as a robust endpoint.

precision,

Notably, the reliance on routine echocardiographic
evaluation enhances the applicability of these find-
ings to primary care settings, where such tools are
widely available.
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The investigators studied 343 patients with MVP
and no more than moderate MR, enrolled over 10
years from a single-center cohort at the University of
California-San Francisco.* They focused on the inci-
dence of arrhythmic events and mortality. Through
hierarchical clustering analysis using 32 routinely
obtainable variables, including demographic data,
ECG intervals, and echocardiographic markers, 3
distinct MVP clusters were delineated. These clusters
were not predefined by known risk factors but
emerged from the data, without assumptions. This
approach revealed an 83% low-risk group (Cluster 1),
an intermediate-risk group (Cluster 2; 9%), and a
high-risk group (Cluster 3; 8%). Most strikingly,
despite only mild or trace MR, Cluster 3 exhibited
significant left atrial (LA) and left ventricular (LV)
structural and functional abnormalities and was
associated with an HR of 5.85 for all-cause mortality
relative to the low-risk group. Cluster 2, which
showed greater right ventricular dysfunction and
elevated pulmonary pressures, also carried a simi-
larly high risk (HR: 5.01).

Tastet et al* should be commended for their
innovative approach. Traditionally, the degree of MR
has been central to risk stratification in MVP, and
subjects without significant MR were believed to
have a benign course.” This study identifies 2 sub-
groups with a very high risk of death (>40% at
6 years) despite normal LV systolic function and
nonsignificant MR. More than 85% of participants
had no or only mild MR, and neither MR severity nor
classic anatomical features such as bileaflet prolapse,
or mitral annular disjunction emerged as dominant
contributors to cluster classification.® Conversely,
functional parameters of atrial and ventricular per-
formance, such as LA reservoir strain, LA function
index, and LV global longitudinal strain, exhibited
the highest predictive value. These findings empha-
size subtle markers of LA and both right ventricular
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and LV remodeling, representing a potential para-
digm shift. They suggest that MVP-associated ar-
rhythmias and mortality result not only from the
consequences of MR but also from underlying pri-
mary atrial and ventricular myopathic processes.
This “atriopathy” and “cardiomyopathy” hypothesis
is further supported by the inclusion of LA strain and
right ventricular function among the top clustering
features,’ as ranked by a random forest model. The
clinical implications are significant. By using widely
available diagnostic tools, specifically standard
echocardiography and 12-lead ECG, the authors show
that advanced risk stratification can be feasibly in-
tegrated into routine clinical practice, including in
primary care centers. This approach facilitates the
identification of patients with MVP at elevated risk
who might otherwise be regarded as low risk due to
their mild MR. Although not yet universally imple-
mented, parameters such as LA strain and mechani-
cal dispersion can be incorporated into clinical
workflows.

The study also points to the potential for individ-
ualized follow-up.* Patients classified within Clusters
2 and 3, although representing a minority of the
cohort, exhibited substantially higher rates of
arrhythmic events and all-cause mortality over a
mean follow-up of 5.4 years. Identification of these
high-risk individuals may trigger personalized man-
agement strategies.

While innovative, the study has inherent limita-
tions.* It is a single-center study involving a limited
number of patients over a long period, particularly in
the high-risk clusters (Clusters 2 and 3, with 31 and 28
patients, respectively). The small cohort size in these
high-risk groups is inherent to the paucity of severe
arrhythmic events in MVP and the lack of systematic
rhythmic risk stratification in routine practice of MVP
until recent data emerged.® Although the hierarchical
clustering method was robust and validated with
sensitivity analyses, external replication is essential.
MVP-related
events remain relatively rare, large-scale, multi-
center validation efforts are warranted before wide-
spread clinical adoption. Restricting the analysis to
patients with less than severe MR does not allow
adjustment for MR severity grade, leaving uncer-
tainty about whether LA/LV adverse remodeling in
AMVP is truly independent of MR severity. In addi-
tion, LA/LV dysfunction assessed by strain is not
easily applicable to routine risk stratification in
clinical practice, as strain measurements are depen-
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software. Conversely, LA function in MVP, assessed
by using the LA contraction index, calculated as
septal e' divided by LA volume index (both measured
in routine practice), is feasible, reproducible, inde-
pendent, and incremental to LA volume in MVP risk
stratification.® Moreover, as correctly pointed out by
the authors,* the AMVP clusters do not account for
cardiac magnetic resonance imaging data, which
could enhance risk prediction.'®

The main strength of the proposed classification
lies in predicting all-cause mortality, a robust
endpoint.* However, 77% of these events were
noncardiac, and only a minority were arrhythmic.
The arrhythmic endpoint was a composite, domi-
nated by frequent premature ventricular contractions
and complex ventricular ectopy, including sustained
or nonsustained ventricular tachycardia. Most of
these events, likely captured by ambulatory ECG
monitoring, did not constitute clinical events and
could have been included in the classification model
to improve arrhythmic event prediction. Notably,
one-half (n = 6) of the SCD events occurred in Cluster
1, constituting a larger absolute number of deaths in
that cluster compared with Clusters 2 and 3, sug-
gesting that this classification may be insufficient to
guide the selection of candidates for primary
prevention of SCD using defibrillators. Although
advanced imaging data were intentionally excluded,
this approach may be reductive, as such data are part
of guideline-recommended assessments of heart
disease and associated risk, potentially improving
risk prediction and mechanistic understanding.

The study by Tastet et al* supports the concept
that MVP is not merely a valve disease but a complex
condition involving atrial, ventricular, and auto-
nomic substrates. They propose that the term
“arrhythmic MVP” encompasses electromechanical
dispersion, atrial myopathy, and subtle myocardial
dysfunction, phenomena that may be present even in
the absence of overt MR. By coupling machine
learning with accessible diagnostic tools, the authors
emphasize that MVP risk is not confined to regur-
gitant volume but reflects a broader context of
myocardial function, electrophysiological dispersion,
and hemodynamic interactions. This study paves the
way for international cohorts with well-defined
AMVP and long-term follow-up to explore this
unique phenotype with artificial intelligence inte-
gration. The next steps involve validating these
findings, incorporating advanced imaging tech-
niques, and integrating them into predictive models
for clinical practice.



JACC: CLINICAL ELECTROPHYSIOLOGY VOL.

OCTOBER 2025:2187-2189

FUNDING SUPPORT AND AUTHOR DISCLOSURES

11, NO. 10, 2025

The Promise of Machine Learning for Risk Prediction in MVP

The authors have reported that they have no relationships relevant

to the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Jean-Claude
Deharo, Hoépital La Timone Adultes, Cardiologie

9éme étage, 264 Rue Saint-Pierre, 13005 Marseille,
France. E-mail: jean-claude.deharo@ap-hm.fr.

REFERENCES

1. Avierinos JF, Gersh BJ, Melton LJ 3rd, et al.
Natural history of asymptomatic mitral valve
prolapse in the community. Circulation.
2002;106:1355-1361.

2. Nalliah CJ, Mahajan R, Elliott AD, et al. Mitral
valve prolapse and sudden cardiac death: a sys-
tematic review and meta-analysis. Heart.
2019;105:144-151.

3. Algarawi W, Tadros R, Roberts JD, et al. The
prevalence and characteristics of arrhythmic
mitral valve prolapse in patients with unexplained
cardiac arrest. JACC Clin Electrophysiol. 2023;9:
2494-2503.

4. Tastet L, Ansari MU, Barrios JP, et al. Pheno-
typing of mitral valve prolapse without severe
mitral regurgitation using electrocardiographic
and echocardiographic data. JACC Clin Electro-
physiol. 2025;11(10):2175-2186.

5. Antoine C, Benfari G, Michelena Hl, et al. Clin-
ical outcome of degenerative mitral regurgitation:
critical importance of echocardiographic quanti-
tative assessment in routine practice. Circulation.
2018;138:1317-1326.

6. Pistelli L, Vetta G, Parlavecchio A, et al
Arrhythmic risk profile in mitral valve prolapse: a
systematic review and metanalysis of 1715 patients.
J Cardiovasc Electrophysiol. 2024;35:290-300.

7. Bohbot Y, Essayagh B, Benfari G, et al. Prog-
nostic implications of right ventricular dysfunc-
tion in severe degenerative mitral regurgitation.
J Am Heart Assoc. 2025;14:e036206.

8. Sabbag A, Essayagh B, Barrera JDR, et al. EHRA
expert consensus statement on arrhythmic mitral
valve prolapse and mitral annular disjunction
complex in collaboration with the ESC Council on
Valvular Heart Disease and the European Associ-
ation of Cardiovascular Imaging endorsed by the

Heart Rhythm Society, by the Asia Pacific
Heart Rhythm Society, and by the Latin American
Heart Rhythm Society. Europace. 2022;24:1981-
2003.

9. Essayagh B, Benfari G, Antoine C, et al. Incre-
mental prognosis by left atrial functional assess-
ment: the left atrial coupling index in patients
with floppy mitral valves. J Am Heart Assoc.
2022;11:e024814.

10. Constant Dit Beaufils AL, Huttin O, Jobbe-
Duval A, et al. Replacement myocardial fibrosis in
patients with mitral valve prolapse: relation to
mitral regurgitation, ventricular remodeling, and
arrhythmia. Circulation. 2021;143:1763-1774.

KEY WORDS arrhythmia, hierarchical
clustering, machine learning, mitral valve
prolapse

2189


mailto:jean-claude.deharo@ap-hm.fr
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref1
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref1
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref1
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref1
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref2
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref2
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref2
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref2
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref3
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref3
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref3
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref3
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref3
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref4
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref4
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref4
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref4
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref4
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref5
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref5
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref5
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref5
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref5
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref6
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref6
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref6
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref6
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref7
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref7
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref7
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref7
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref8
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref9
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref9
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref9
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref9
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref9
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref10
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref10
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref10
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref10
http://refhub.elsevier.com/S2405-500X(25)00565-1/sref10

	Rethinking Risk in Mitral Valve Prolapse
	Funding Support and Author Disclosures
	References


