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There is an increasing awareness of the association between mitral valve prolapse and sudden cardiac death. There are

several clinical risk factors associated with an increased risk of mitral valve prolapse–related sudden cardiac death, most

of which can be evaluated with noninvasive diagnostic modalities. For example, characteristic changes on the electro-

cardiogram (T-wave inversions in the inferior leads), complex ventricular ectopy, a spiked configuration of the lateral

annular velocities by echocardiography, and evidence of myocardial fibrosis by cardiac magnetic resonance imaging have

all been implicated as markers of risk. Herein, the authors review the reported incidence of sudden death to mitral valve

prolapse, the clinical profile of at-risk patients, and the basic components necessary to initiate and perpetuate ventricular

arrhythmias (substrate and trigger) as well as potential interventions to consider for those at highest risk. (J Am Coll

Cardiol 2018;72:2904–14) © 2018 Published by Elsevier on behalf of the American College of Cardiology Foundation.
M itral valve prolapse (MVP), estimated to
affect 1% to 3% of the general population,
is classically defined as a superior

displacement of the mitral leaflet(s) of >2 mm during
systole and myxomatous degeneration of the mitral
leaflets, resulting in a maximal leaflet thickness of
at least 5 mm during diastasis (1). MVP carries a heter-
ogenous prognosis with clinical outcomes dependent
on multiple variables, including patient age, degree
of mitral regurgitation (MR), left ventricular (LV) ejec-
tion fraction, ventricular ectopy, and atrial diameter
(2). The adverse sequelae of primary MVP include sig-
nificant MR, heart failure, infective endocarditis,
stroke, cardiac arrhythmias, and, perhaps the least
appreciated but most devastating complication, sud-
den cardiac death (SCD) (3). Although the association
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between MVP and SCD was first reported decades ago,
the risk was initially believed to be exceedingly small,
and there was scant literature to suggest otherwise
(4). More contemporary observational studies suggest
that MVP-related SCD, owing to sustained ventricular
arrhythmias (VAs), may occur more frequently, with
an estimated annual risk of 0.2% to 1.9% (3,5–8).
Consequently, there is an increasing interest in
MVP-related SCD as well as effective techniques to
identify those patients at higher risk for a fatal
arrhythmic event. Recent studies have yielded
new insights into the pathophysiology and risk fac-
tors for the development of VAs in patients with
MVP. This review focuses on arrhythmic causes of
SCD in patients with degenerative MVP (Barlow’s
disease).
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AB BR E V I A T I O N S

AND ACRONYM S

CMR = cardiac magnetic

resonance

ECG = electrocardiogram

LGE = late gadolinium

enhancement

LV = left ventricular

MAD = mitral annular

disjunction

MR = mitral regurgitation

MRI = magnetic resonance

imaging

MVP = mitral valve prolapse

PVC = premature ventricular

contraction

SCD = sudden cardiac death

VA = ventricular arrhythmia

VF = ventricular fibrillation

VT = ventricular tachycardia
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INCIDENCE OF SCD ATTRIBUTED TO MVP

The reported incidence of SCD due to mitral valve
prolapse varies depending on the methods used to
evaluate the cause of death (e.g., autopsy vs. survi-
vors), the study population (e.g., age, athletes),
available clinical information (e.g., electrocardiogram
[ECG], echocardiogram), and forensic analysis
performed (e.g., genetics) (9).

Autopsy-based studies have reported wide inci-
dence rates for MVP-related SCD. This variability ex-
ists in part because of the uncertain cause–effect
relationship between the finding of MVP at autopsy
and the arrhythmic SCD (10). Therefore, the
confirmed presence of MVP on examination is rarely
classified as “unequivocally related” to the SCD
event, even when exhaustive examinations cannot
identify another potential etiology. Rather, MVP it is
more often classified as “undetermined” or “probably
related” to the fatal event. For example, an autopsy
study could not determine the presumptive cause of
death in 50% of the young women (35 to 44 years of
age) studied, and so those with those cases (n ¼ 13)
were classified as “sudden cardiac death of unex-
plained etiology.” However, of those “unexplained”
cases, more than one-half were noted to have mitral
valve prolapse at autopsy (11). This lack of classifica-
tion may result in an underestimation of the true
incidence of MVP-related SCD, especially when au-
topsy studies show that MVP remains one of the most
common causes of death in otherwise healthy young
patients where MVP is offered as a classification
(4,12,13).

A 21-year prospective clinical-pathological inves-
tigation in Italy (<35 years of age) found MVP to be
the third most common cardiac condition associated
with SCD with an incidence of 12%, with arrhythmo-
genic right ventricular dysplasia (24%) and athero-
sclerotic coronary artery disease (20%) being the only
diagnoses that were more common (14). In registries
of competitive and noncompetitive athletes, the
incidence of SCD attributable to MVP ranged from 2%
to 4%, similar to community-based studies of non-
athletes (2.3%) (5,13). The true annual risk of SCD for
the individual patient with MVP, however, remains
unknown. While observational studies have esti-
mated the risk at 0.9% to 1.9% per year, there is
significant heterogeneity in methodology and study
populations. Additionally, in studies that do report
the incidence of MVP-related sudden death, it re-
mains unclear what valve morphology criteria were
present (e.g., redundant and thickened), which could
impact the true estimation of its association. Select
studies that report the incidence of MVP-
related SCD are shown in Table 1. Finally,
while the denominator is large (i.e., the
number of patients with MVP), the precise
numerator (i.e., the number of patients who
have aborted or fatal VAs) is unknown, due to
the absence of large longitudinal registries.
Therefore, it is prudent to focus on patients
with additional risk factors for the develop-
ment of sustained VAs (8).

RISK FACTORS

Several clinical risk factors appear to be
associated with an increased risk of SCD in
patients with MVP (Central Illustration). For
the purposes of this review, we have sepa-
rated them by baseline characteristics and
diagnostic modality: electrocardiography,
echocardiographic, and magnetic resonance
imaging (5,6,15).
BASELINE CHARACTERISTICS

MVP related life-threatening VAs appear to occur
more often in young females, with some studies
demonstrating that 70% to 90% of affected in-
dividuals are women (16). The reason for this gender
discrepancy is unknown and may be multifactorial.
MVP is more common in women and they are more
likely to have bileaflet prolapse and more valve
thickening, and less likely to undergo valve surgery
(17).

ELECTROCARDIOGRAPHY

A majority of patients (>75%) with MVP-related SCD
demonstrate characteristic T-wave abnormalities on
the surface ECG with biphasic or inverted T-waves in
the inferior leads (II, III, aVF) (6,15) (Figure 1). In our
opinion, the presence of this finding in MVP patients
should prompt the clinician to further investigate an
individuals’ risk profile, acknowledging, however,
that this finding alone is not enough to consider a
patient at high risk, as inverted T waves can be found
in up to 40% of MVP patients without a history of
sustained VAs (18).

Premature ventricular contractions (PVC) are a
common finding in the general population of MVP
patients with and without SCD. Although patients
without accompanying MR exhibit fewer complex
PVCs, they are still a relatively common finding
(w40% to 50%) compared with the general popula-
tion (19). Complex PVCs usually refer to those that



TABLE 1 Select Studies of MVP and Sudden Death

First Author,
Year (Ref. #) Study

Patients
With MVP

Age
(yrs)*

Women
(%)

LVEF
(%)*

$Moderate
MR (%)

Biphasic or
TWI in
Inferior

Leads (%)

VAs on
ECG/

Holter (%) Comments

Bui et al.,
2017 (29)

Retrospective 41 50 3.0 63 � 7 N/A N/A 43.7 Myocardial fibrosis by CMR

Perazzolo
et al., 2016 (30)

Prospective 52 44 63.0 65 None N/A 63 Mitral annular disjunction
by CMR, mid-systolic click

Narayanan
et al., 2016 (5)

Prospective 17 60.9 � 16.4 29.4 54.2 � 14.7 58.8 N/A 29 Young age, fewer comorbid
conditions

Nordhues
et al., 2016 (22)

Retrospective 5,669 (bi-MVP),
5,669 (single MVP)

63.5 � 16.1 47.0 62.0 � 7.3 46 N/A 3.7† Bi-MVP more VT than with
single-leaflet MVP

Fulton
et al., 2018 (26)

Retrospective 15 48.5 � 14.0 78.5 53 � 8 6.6 33.3 60 Female, bi-MVP and papillary
muscle fibrosis by CMR

Muthukumar
et al., 2017 (25)

Retrospective 21 51.6 � 12.3 71.0 N/A N/A 38 47.6 Spiked systolic lateral mitral annular
velocities—Pickelhaube sign

Basso
et al., 2015 (6)

Retrospective 43 32 61.0 64 None 83 28 Female and papillary
muscles LGE on CMR

Sriram
et al., 2013 (15)

Retrospective 10 (bi-MVP) 33 � 16 90.0 60.5 � 3.1 50 78 100 Female, inferolateral TWI, complex
ventricular ectopy, and bi-MVP

Turker
et al., 2010 (23)

Retrospective 58 33.5 � 11.2 56.0 69.7 � 2.7 15.5 N/A 34 Moderate-severe MR

Chesler
et al., 1983 (34)

Retrospective 14 27 � 11 86.0 N/A N/A 14‡ 42.8 Endocardial friction lesions

*Median or mean � SD. †Only ventricular tachycardia (VT) or ventricular fibrillation or SCA. ‡ST-T changes in inferior leads.

bi-MVP ¼ bileaflet mitral valve prolapse; CMR ¼ cardiac magnetic resonance; ECG ¼ electrocardiogram; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral regurgitation; MVP ¼ mitral valve prolapse;
N/A ¼ not available; SCA ¼ sudden cardiac arrest; TWI ¼ T-wave inversion; VA ¼ ventricular arrhythmia.

Miller et al. J A C C V O L . 7 2 , N O . 2 3 , 2 0 1 8

MVP and Sudden Cardiac Death D E C E M B E R 1 1 , 2 0 1 8 : 2 9 0 4 – 1 4

2906
are multiform (pleomorphic) and occur as couplets or
nonsustained ventricular tachycardia (VT) (20). The
dominant PVC morphologies in MVP patients are
those arising from the papillary muscle region and the
outflow tract. The ectopy is presumed to be at least in
part due to regional stretch, either as a consequence
of direct mechanical forces or triggered activity due
to damaged tissue with abnormal Ca2þ handling and
evoked delayed afterdepolarizations (21). The pres-
ence of PVCs alone, even pleomorphic PVCs, is not
enough to risk stratify a patient as it is a common
finding, but it should alert the clinician to consider
additional risk stratification. Perhaps a more impor-
tant marker of SCD is the origin of the PVC. In a series
of consecutive bileaflet MVP patients undergoing
catheter ablation, a Purkinje origin PVC was identified
as the ventricular fibrillation trigger in all 6 of the
patients who had a prior history of cardiac arrest (7).
As concluded by the authors, arrhythmic mitral valve
prolapse (bileaflet) is characterized by fascicular and
papillary muscle PVCs that trigger ventricular fibril-
lation, suggesting a central role of the Purkinje
system in this condition.

ECHOCARDIOGRAPHY

Bileaflet MVP has been proposed as a high-risk
feature for SCD, but there have been conflicting
results regarding long-term prognosis in these
patients (6,15,22). A review of 1,200 unexplained
out-of-hospital cardiac arrest patients at the Mayo
Clinic found a 42% prevalence of bileaflet MVP in a
series of 24 young patients who survived an idio-
pathic out-of-hospital cardiac arrest (15). However, it
should be noted that in another large retrospective
series from the same institution, isolated bileaflet
MVP, without additional risk factors, did not appear
to significantly increase the risk of SCD or need for
defibrillator implant compared with single-leaflet
MVP, suggesting the importance of confirming the
presence of additional risk factors (22).

Mitral regurgitation frequently develops occurs in
patients with MVP and its severity appears to have a
significant association with VAs in MVP, although,
again, there are conflicting data (23). In 1 observa-
tional series, moderate-severe MR was an indepen-
dent predictor of VAs (relative risk: 8.42); however,
MVP-related SCD is also known to occur in patients
with minimal-mild MR (23,24).

An easily obtainable and recently reported echo-
cardiographic marker of arrhythmic risk involves the
measurement of myocardial velocities. In patients
with myxomatous bileaflet mitral valve prolapse,
lateral mitral annular velocities were quantified with
Doppler tissue imaging. Patients were divided into
those with “Pickelhaube sign” (Figure 1), defined
as a peak systolic lateral mitral annulus velocity
of $16 cm/s, and those without (<16 cm/s) (25).



CENTRAL ILLUSTRATION Mitral Valve Prolapse–Related Sudden Cardiac Death:
Interactions and Risk Factors

Transient
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electrolytes)
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activity, re-entry)

Substrate
(myocardial scar)

Myocardial Fibrosis
(papillary muscle/inferobasal LV)
MRI–Myocardial Stretch

(mitral annular disjunction)
Echo - Mechanical Traction

(spiked configuration of the lateral annular velocity)
Complex Ventricular Ectopy

(couplets, triplets, pleiomorphic)
Bi-leaflet Prolapse

≥ Moderate Mitral Regurgitation
Female Gender

Miller, M.A. et al. J Am Coll Cardiol. 2018;72(23):2904–14.

The inner triangle includes clinical variables and markers that have been associated with a higher risk for developing sustained ventricular

arrhythmias and sudden death in patients with mitral valve prolapse (MVP). The outer circles represent the interplay of factors that may

contribute to sudden death in patients with MVP, including myocardial fibrosis (substrate), ventricular ectopy (trigger), and transient

modulators. LV ¼ left ventricle; MRI ¼ magnetic resonance imaging.
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The patients meeting this criterion were more likely
to have had a malignant VA (67% vs. 22%; p < 0.08).
Furthermore, delayed gadolinium enhancement (by
magnetic resonance imaging [MRI]) was only present
in the group with the Pickelhaube sign (33%) and not
in those without it. The authors concluded that the
presence of a Pickelhaube sign may be an indicator of
a malignant phenotype of myxomatous bileaflet
mitral valve prolapse. However, further investigation
is needed to confirm their findings.

CARDIAC MRI

Cardiac MRI can help define and characterize the
composition of the myocardium and identify specific
arrhythmic risk factors, such as endocardial fibrosis
(6,26). Basso et al. (6) examined 43 cases of SCD in
young patients with MVP from the Italian cardiac
pathology registry of SCD victims and performed
cardiac magnetic resonance (CMR) and histopatho-
logical correlation (7). In patients with SCD and
complex VAs, they found a high percentage exhibited
evidence of either focal LV papillary muscle fibrosis
(88%) or inferobasal fibrosis (93%) (Figure 1). As
expected, late gadolinium enhancement (LGE) dis-
tribution on CMR correlated with histopathological
fibrosis. These observations were confirmed in
another independent cohort of 3,680 autopsies, of
which MVP accounted for 62 (1.7%) cases (27). The
authors identified LV fibrosis in 74% of cases with
fibrosis involving 1 or both papillary muscles
(predominantly the posteromedial papillary muscle)



FIGURE 1 Noninvasive Markers Associated With SCD in MVP

(A) Electrocardiography (inferior T-wave inversions and complex ventricular ectopy); (B) echocardiography (spiked systolic lateral mitral annular velocities—Pick-

elhaube sign); and (C) magnetic resonance imaging (MRI) (red dashed circle indicates myocardial scar in the papillary muscle). MVP ¼ mitral valve prolapse;

SCD ¼ sudden cardiac death.
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and the adjacent LV wall (predominantly the poster-
oinferior LV wall). The association between MVP and
myocardial replacement fibrosis was recently further
characterized by an elegant study of patients with
primary MR due to either MVP (n ¼ 177) or non-MVP
(n ¼ 179) etiologies. The authors demonstrated that
MVP is associated with more LV fibrosis on MRI
compared with non–MVP-related MR, and the fibrosis
increases with MR severity, tends to occur in specific
areas of the LV (suggestive of a mechanistic associa-
tion), and is associated with sustained VT or ven-
tricular fibrillation (VF). Specifically, LV fibrosis was
present in 36.7% of MVP patients, compared with
only 6.7% of non-MVP patients (p < 0.001). Further-
more, in the MVP patients, replacement fibrosis
(midwall striae or patchy pattern) was most
commonly found in the basal inferolateral wall
(31.1%) followed by the basal inferior wall (10.7%).
During follow-up, arrhythmic events (defined as SCD,
or spontaneous or induced sustained VT) occurred in
4.5% (n ¼ 8) of the MVP patients. The highest
arrhythmic event rate was seen in MVP patients with
replacement fibrosis (7.7%), followed by MVP patients
without replacement fibrosis (2.7%) and non-MVP
patients (0.6%; p < 0.01) (28).

The presence of diffuse subclinical interstitial
fibrosis by CMR in patients with MVP with MR was
also reported by Bui et al. (29). They showed that
the presence of diffuse nonfocal subclinical
ventricular fibrosis was associated with complex VAs.
The authors suggested that subclinical diffuse fibrosis
maybe a precursor of focal fibrosis in MVP or a sepa-
rate disease entity involving up-regulation of fibrotic
markers could be a marker for early identification of
patients at risk of SCD.

Recently, mitral annulus disjunction (MAD) was
reported to be a constant component of arrhythmic
MVP with LV fibrosis (30). MAD is detachment of the
roots of the annulus from the ventricular myocardium
(i.e., ventriculoannular detachment), which is local-
ized to the base of the posterior leaflet (31). In a study
including 36 patients with MVP, MAD was signifi-
cantly longer (4.8 mm) in those with LGE on MRI,
compared with those who did not have LGE on MRI
(1.8 mm; p < 0.001). However, the study did not
provide a specific threshold limit (distance) of MAD
that was associated with an increased risk of VAs;
therefore, these findings require further validation
in independent cohorts. Figure 2 is an example of a
patient who first presented with SCD due to ventric-
ular fibrillation and MAD (12.7 mm) by MRI. It should
also be noted that transthoracic echocardiography has
been used to assess MAD in patients with myxoma-
tous mitral valve disease, and the severity of MAD is
associated with VA burden. For example, a disjunc-
tion length of >8.5 mm correctly identified 67% of the
patients who exhibited nonsustained VT on Holter
monitoring (32).



FIGURE 2 Arrhythmic Mitral Valve Prolapse Diagnosed After Out-of-Hospital Cardiac Arrest

Example of patient whose first presentation of mitral valve prolapse was due to witnessed out-of-hospital cardiac arrest (ventricular fibril-

lation). Echocardiogram with posterior leaflet prolapse and moderate mitral regurgitation (top left), electrocardiogram with complex ven-

tricular ectopy (top right), cardiac magnetic resonance image (3 chamber, long axis) of prominent mitral annular disjunction (12.7 mm)

(bottom left), and chest x-ray following implantation of a secondary prevention subcutaneous implantable cardioverter-defibrillator (ICD)

(bottom right). MR ¼ mitral regurgitation.
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PROPOSED MECHANISM OF VAS: SUBSTRATE,

TRIGGER, AND TRANSIENT MODULATOR

Two common findings in patients with MVP-related
SCD are: 1) LV myocardial fibrosis (substrate); and 2)
complex ventricular ectopy (trigger). Perhaps a
consequence of mechanical traction exerted by the
prolapsing leaflet, the fibrosis is most often localized
to the inferolateral base of the left ventricle or the
papillary muscles, which are most susceptible to the
mechanical stretch forces exerted by the billowing
leaflets (14). With continued mechanical traction by
the prolapsing leaflet, myocardial hypertrophy, and a
replacement fibrosis can occur in those structures
that support the mitral apparatus—the basal and mid-
inferolateral ventricle and the papillary muscles (33).
Additionally, it has been postulated that friction
between the chordae and the LV endocardium can
result in “friction lesions,” characterized by the
development of endocardial fibrosis between the
papillary muscle and the annulus (34). The mechan-
ically induced LV fibrosis likely acts as the substrate,
which increases the vulnerability by either triggered
activity or re-entry of these patients to both the
development and maintenance of sustained ventric-
ular tachyarrhythmia (35). Figure 3 is an example of a
middle-aged man who was being routinely followed
for asymptomatic MVP but experienced a witnessed
out-of-hospital cardiac arrest (VF); he was subse-
quently found to have delayed enhancement in the
posterobasal LV.

PREMATURE VENTRICULAR CONTRACTIONS. As
noted previously, a majority of patients with MVP
who experienced SCD have a history of complex PVCs
(Figure 1). Acute myocardial stretch can cause short-
ening of the action potential duration, a decrease in
resting diastolic potential, and the development of



FIGURE 3 Cardiac Arrest in a Patient With Asymptomatic MVP With Moderate Mitral Regurgitation

A middle-aged man who was known to have mitral valve prolapse (MVP) (posterior leaflet) with mild-moderate mitral regurgitation. He

remained asymptomatic and was recommended routine follow-up. He presented to our institution after a witnessed out-of-hospital cardiac

arrest (ventricular fibrillation). (A) Echocardiogram demonstrating classic prolapse of the posterior leaflet (open arrow) and mitral annular

disjunction (MAD) (red arrows). (B) Cardiac magnetic resonance imaging with delayed enhancement demonstrating predominantly sub-

endocardial scar in the mid-inferior and mid-inferolateral segments (solid arrow). (C) Cardiac magnetic resonance imaging (3-chamber view)

demonstrating MAD of 13 mm (red arrows). (D) Intraoperative image of his mitral valve repair surgery, demonstrating severe myxomatous

degeneration of the posterior leaflet (P1-P2) (star). (E) Histopathology (hematoxylin and eosin stain) demonstrating myxomatous degener-

ation of the posterior leaflet tissue.
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stretch-activated early afterdepolarizations (36,37).
The papillary muscles are exposed to these acute
stretch forces by the prolapsing leaflet, and
the papillary muscles distal Purkinje fibers which
are prone to afterdepolarization and abnormal auto-
maticity. In fact, in patients with bileaflet prolapse
and prior cardiac arrest undergoing catheter ablation,
Purkinje signals commonly precede the VF, triggering
PVCs (15).
TRANSIENT MODULATOR: AUTONOMIC NERVOUS

SYSTEM AND CATECHOLAMINES. Autonomic
dysfunction, including elevated sympathetic and
diminished vagal tone, are known to occur in patients
with MVP (38). This hyperadrenergic state can in-
crease the frequency of ventricular ectopy, as well as
the predisposition of the ventricular myocardium to
that ectopic activity (23,38). The prolapsing mitral
valve delivers traction on the papillary muscles,
activating the local stretch receptors and causing
membrane depolarization of the nerve endings with
abnormal mechanoelectrical feedback to the central
nervous system causing VT or VF (39,40). In addition,
the enhanced catecholamine levels can cause down-
stream ion-channel modulation and Caþ2 loading in
the sarcoplasmic reticulum, resulting in delayed
afterdepolarization and subsequently contributing to
VAs (41,42). Ultimately, it is the combination of
circumstances, such as short-coupled mechanically
triggered PVCs from a structural or fibrotic abnor-
mality from the mitral valve apparatus combined with
heightened autonomic tone, that sets the stage for the
development of SCD in the vulnerable patient. The
Central Illustration depicts the interaction among the
substrate (scar), trigger (PVCs), and a transient event
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(e.g., heightened autonomic tone) that can precipi-
tate a sustained VA.

RISK STRATIFICATION

Although there are several risk factors that predict
SCD in MVP, there is no single risk factor that has
proved to be a consistent predictor of malignant VAs
and SCD. Furthermore, it is not yet known which
combination of risk factors predisposes patients to
higher risk. The challenge of risk stratification in MVP
is identifying the high-risk patient concealed within a
large population of low-risk patients. Nevertheless,
we believe that a focused work-up can be performed
to stratify the patient into a low-risk or high-risk
category (Central Illustration). As previously
mentioned, most patients with MVP-related SCD have
complex ventricular ectopy (trigger) and myocardial
scar (substrate), and therefore a work-up should
include an assessment of these factors. The available
literature suggests that female sex, bileaflet MVP,
history of complex ventricular ectopy, and LGE on
CMR are readily identifiable features that can be used
to categorize patients as higher or lower risk (6,15,26).
With regard to detecting nonsustained VT, in a pa-
tient population of MVP patients without arrhythmic
symptoms, the estimated sensitivity of the 12-lead
ECG, treadmill ECG, and 24-h ambulatory Holter
monitor was 17%, 50%, and 83%, respectively (43). In
our own practice, we recommend extended rhythm
monitoring (either 24-h Holter or 7-day external
event recorder) to assess the burden of VAs, even in
asymptomatic patients. In patients with MVP and
unexplained syncope, we would recommend a thor-
ough diagnostic evaluation to determine if the pa-
tient has true arrhythmic syncope. Clinical features
suggestive of arrhythmic syncope include syncope
during strenuous exercise, while sitting or in the su-
pine position, sudden-onset palpitations before the
syncopal event, and absence of any warning symp-
toms immediately prior. For patients with MVP, sus-
pected arrhythmic syncope, and evidence of
myocardial scar, it would be appropriate to consider
either an electrophysiology study. If the electro-
physiology study is negative or not performed, a loop
recorder implant for long-term rhythm monitoring
should be strongly considered in any patient, espe-
cially if other high-risk features are present (e.g.,
bileaflet prolapse, complex ventricular ectopy) (44).

For patients who have evidence of complex VAs or
echocardiographic evidence of mechanical traction of
the papillary muscles or ventricular myocardium
(e.g., Pickelhaube sign), we recommend CMR to
assess for myocardial scar. In our own practice, we
consider performing an electrophysiology study for
risk stratification for patients with multiple risk fac-
tors, such as those with evidence of a trigger (pleo-
morphic PVCs) and substrate (myocardial scar). It
should be acknowledged that programmed electrical
ventricular stimulation to risk stratify MVP patients is
not well established, as it is with other substrates that
predispose to SCD (45). The induction of polymorphic
VT and VF with aggressive stimulation protocols in
patients with a history of complex VAs is a nonspe-
cific finding and does not necessarily predict future
risk of SCD. However, the few studies assessing the
role of programmed ventricular stimulation in an
MVP patient population did not include more con-
ventional risk factors, such as presence of myocardial
scar. We define a positive electrophysiology study as
sustained monomorphic VT, which is induced with up
to 3 ventricular extrastimuli or polymorphic VT or VF
induced with up to 2 ventricular extrastimuli. In
those patients with a “positive” electrophysiology
study, we recommend implantation of an implantable
cardioverter-defibrillator. However, it is important to
recognize that additional studies are needed to un-
derstand the prognostic ability of programmed elec-
trical ventricular stimulation in this heterogenous
patient population.

RECOMMENDATIONS

The American Heart Association/European Society of
Cardiology guidelines for VAs and SCD have no spe-
cific recommendations for the risk stratification of
SCD in MVP (46). The management of low-risk MVP
patients with pleomorphic VAs needs to be conser-
vative, with surveillance cardiac monitoring with or
without medications. Beta-blockers are the preferred
first-line agents for the management of symptomatic
or asymptomatic nonsustained or sustained VAs (46).
It is recommended that patients avoid stimulants
such as caffeine, alcohol, tobacco, and other illicit
drugs that can increase catecholamine levels (47).
Recommendations for exercise are included in the
Online Appendix. Online Figure 1 is an example of
exercise-induced ventricular tachycardia.

CATHETER ABLATION

Due to the diverse conditions that are involved in
initiating malignant VAs in MVP, it can be appreciated
that catheter ablation is reserved for cases where
electrical triggers of VT or VF can be mapped and
identified or for scar-related re-entrant VT (7,48). As
for the former, the procedure involves mapping of

https://doi.org/10.1016/j.jacc.2018.09.048
https://doi.org/10.1016/j.jacc.2018.09.048


FIGURE 4 Monomorphic Ventricular Tachycardia Following Mitral Valve Repair for Mitral Valve Prolapse

Example of a patient who underwent implantation of a secondary prevention subcutaneous implantable cardioverter-defibrillator (ICD)

implant approximately 1 year after mitral valve repair for mitral valve prolapse with severe mitral regurgitation. (A) He subsequently re-

presented following an appropriate ICD shock for sustained monomorphic ventricular tachycardia. Also shown is the location of the tip of the

ablation catheter on intracardiac ultrasound, (B) at the basal lateral aspect of the left ventricle (LV), as well as (C, D) bipolar voltage maps of

the LV endocardium, with the scar localized to the basal lateral LV. Voltages were color-coded according to the corresponding color bar.

Scar tissue (red), border zone, and normal myocardium (purple) were defined as bipolar cutoff values of #0.5 mV, 0.5 to 1.5 mV, and

>1.5 mV, respectively. Programmed stimulation from the right ventricle induced 4 hemodynamically unstable ventricular tachycardias, which

were either pace-terminated or cardioverted. Endocardial substrate-based ablation, targeting late potentials and fractionated electrograms,

was performed. At the end of the procedure, the patient was noninducible for any sustained ventricular arrhythmias. Red tags denote

ablation lesions. (C) The white circle with arrow is an example of a late-potential and its corresponding location on the map. Ao ¼ aorta;

Cs ¼ coronary sinus; Pap ¼ papillary muscle.
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PVC triggers, which are often preceded by Purkinje
potentials, and often located on the papillary muscles
or within the fascicular conduction system (49). A
small case series including 14 patients with bileaflet
MVP with and without VF arrest who underwent
catheter ablation reported a high rate of acute pro-
cedural success (89%) and a substantial reduction in
implantable cardioverter-defibrillator therapies (7).
As mentioned, there is a subset of patients who can
develop scar-related re-entrant VT. The scar is often
located at the inferobasal or inferolateral LV, the
typical locations identified in imaging studies of MVP
patients. Figure 4 is an example of a patient with prior
MV repair who developed sustained monomorphic
VT.
MITRAL VALVE SURGERY

Mitral valve repair should theoretically relieve stretch
on the papillary muscles and facilitate ventricular
remodeling, leading to a reduction in VAs. The cur-
rent literature regarding the role of mitral valve repair
or replacement in reducing VAs is mixed and comes
from isolated case reports or single-center experi-
ences with small sample sizes (50). Mitral valve sur-
gery was found to be beneficial in reducing VAs in a
few studies including younger patients (w42 years of
age) but not in older patients (w62 years of age)
(50–52). The progressive nature of the arrhythmic
substrate and extent of fibrosis in the papillary mus-
cles, chordae tendinae, and mitral annulus with age
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and associated comorbid conditions are probably the
reason for this observation. Furthermore, older pa-
tients can have diffuse fibrosis (rather than focal) and
additional myocardial substrate such as presence of
idiopathic outflow tract ectopy, which cannot be
treated with surgery of the mitral apparatus alone.
The role of surgical cryoablation during mitral valve
surgery in patients with history of VAs has been re-
ported with no long-term data on clinical outcomes,
but it can be considered in select patients (53). A
collective input from a heart team consisting of car-
diac surgeons, electrophysiologists, and imaging
specialists is needed for optimal decision-making.

DEFIBRILLATOR IMPLANT

Currently, there are insufficient data supporting the
role of prophylactic implantable cardioverter-
defibrillator implantation in patients with MVP and
high-risk features. As previously mentioned, in our
institution, we consider an electrophysiology study
for risk stratification in patients with MVP who have
evidence of a trigger (pleiomorphic PVCs) and sub-
strate (myocardial scar in typical locations). We
consider implantation of a primary prevention
implantable cardioverter-defibrillator if sustained
monomorphic VT was induced with up to 3 ventric-
ular extrastimuli or sustained polymorphic VT was
induced with either 1 or 2 ventricular extrastimuli
(54). However, we acknowledge that there is no ran-
domized evidence to support the use of programmed
stimulation to risk-stratify patients with MVP, and
this approach is based on personal practice. The
positive and negative predictive values of
programmed ventricular stimulation remain un-
known, and both the results of stimulation could be
influenced by the site of stimulation (e.g., right ven-
tricular apex vs. closer to the LV substrate), as well as
the number and coupling intervals of the extra-
stimuli. Therefore, although programmed stimulation
could overestimate the risk of sudden death in cases
where the test was “positive” or provide false reas-
surance if the test was “negative,” it may be consid-
ered in patients with the aforementioned risk profile
(trigger and substrate).

CONCLUSIONS

There is an association between MVP and SCD. It
would be prudent to identify and stratify at-risk pa-
tients. A majority of patients who experienced MVP-
related sudden death had evidence of a trigger
(PVCs) and the substrate (myocardial strain or
fibrosis) necessary to initiate and perpetuate malig-
nant VAs. Future longitudinal studies are needed
to advance our understanding of the mechanisms
of MVP-related SCD, validate existing risk factors,
and identify the highest-risk patients who could
potentially benefit from a primary prevention
intervention.

ADDRESS FOR CORRESPONDENCE: Dr. Marc A.
Miller, Helmsley Electrophysiology Center, Icahn
School of Medicine at Mount Sinai, One Gustave Levy
Place, New York, New York 10029. E-mail: marc.
miller@mssm.edu. Twitter: @IcahnMountSinai,
@SriniDukkipati.
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