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Abstract

We present the case of a 44-year-old woman who suffered an out of hospital
cardiorespiratory arrest. After six direct current shocks and 10 minutes of
cardiopulmonary resuscitation she had return of spontaneous circulation and regained
consciousness. Transthoracic echocardiography showed normal left ventricular
ejection fraction and a mildly dilated left atrium. The mitral valve was thickened with
myxomatous degeneration (Barlow’s disease) and moderate regurgitation secondary
to bileaflet prolapse. Cardiac catheterization showed no coronary artery disease while
left ventriculography revealed a mildly dilated left ventricle with preserved systolic
function and high-end diastolic pressures. Cardiac MRI revealed an enlarged left
ventricle with mitral valve (MV) prolapse and moderate to severe mitral regurgitation
(MR). There were no features suggestive of a specific cardiomyopathy other than her
valvular heart disease. The patient had an uneventful hospitalization, received an
implantable cardioverter defibrillator (ICD), and eventually had MV repair surgery.
In this article we also review the literature regarding similar cases and record
important data for the epidemiology of the disease and the important research that
has been carried out in the identification of prognostic imaging factors and the genetic
background of these patients. We emphasize once again that it is especially important
to be able to timely identify patients with mitral regurgitation who are at increased
risk of sudden cardiac death so that immediate and effective treatment can be offered.

Case
Patient presentation

A 44-year-old patient was transferred to the Accident and Emergency Department
of Nicosia General Hospital after suffering an out of hospital cardiorespiratory
arrest during anaerobic exercise at the gym. The patient reported weakness and
dizziness before she lost consciousness. A bystander nurse initiated cardiopulmonary
resuscitation. Ventricular fibrillation was recorded as the initial rhythm upon
connecting to an external defibrillator by the paramedics. After six direct current
shocks, 10 minutes of CPR, the administration of 2mg adrenaline IV and 300mg
amiodarone [V, the patient had return of spontaneous circulation (ROSC) and regained
consciousness, upon arrival at the emergency department. She reported a past medical
history of mitral valve prolapse and migraines with occasional use of analgesics. She
is an active tobacco smoker. She denied any history of chest discomfort, palpitations,
and shortness of breath, nausea or vomiting, either at stress or at rest. There was no
recent febrile illness, gastroenteritis, or rashes. She is a mother of 5 children and has
1 previous miscarriage. There is no family history of heart disease or sudden cardiac
death. On clinical examination she was afebrile; heart rate was 88 beats per minute,
blood pressure 122 /77mmHg and had oxygen saturation 92% on room air. Her cardiac
examination revealed normal S1 and S2 with a mid-systolic click and a late systolic
murmur best heard at the apex of the heart. There were normal breathing sounds,
no peripheral edema, and normal peripheral pulses. Her neurologic examination was
normal with GCS 15/15 and normal cranial nerve exam.
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Initial work up

The electrocardiogram (ECG) revealed sinus rhythm,
normal axis with normal QRS and QTc intervals with infrequent
ventricular ectopic beats. Shallow negative T waves were noted in
lead Il, Il and aVF(Figure 1). Blood tests were normal with normal
arterial blood gasses while her chest X ray showed an increased
cardiothoracic index. Inpatient Holter monitoring revealed a 2%
burden of ventricular ectopy (singlets and couplets) of primarily
a single morphology. A transthoracic cardiac ultrasound revealed
an Ejection Fraction (EF) of 55-60%, a mildly dilated Left Atrium
(LA), normal Right Atrium (RA) and a normal trileaflet Aortic
Valve (AV). The mitral valve was thickened with myxomatous
degeneration (Barlow’s disease) and a moderate Mitral Valve
Regurgitation (MR) with a predominately anteriorly directed
jet. Moderate bileaflet prolapse was also present. There were
only traces of Tricuspid Regurgitation (TR) with normal right
ventricular systolic pressure (RVSP). No pericardial effusion was
noted (Figure 2). Due to her presentation with an out-of-hospital
cardiac arrest, she had an emergency coronary angiogram which
showed normal coronary tree anatomy and no coronary lesions of
concern. Left ventriculography showed a mildly dilated ventricle
with preserved systolic function and high-end diastolic pressures.
There was angiographically severe mitral valve regurgitation and
a large left atrium (Figure 3).

Diagnosis and Management

Transthoracic and transesophageal echocardiography
confirmed that moderate MR was present. The regurgitant
volume (Rvol) was 30ml with a Vena Contracta of 0,3cm and
Effective Regurgitant Orifice (ERO) of 20mm?. The mitral valve
was myxomatous with bileaflet prolapse (Figure 4,5). For further
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Figure 1: Electrocardiogram (ECG).

Figure 2: Echocardiographic parasternal long-axis view
showing moderate to severe mitral regurgitation. LV:Left
Ventricle, LA: Left Atrium , Ao: Aortic Root.
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Figure 3: Cardiac Catheterization. The images showed normal
coronary arteries while left ventriculography showed a mildly
dilated ventricle with preserved systolic. A. Left anterio
ascending artery (LAD) and Left Circumflex Artery (LcX). B.
Right Coronary Artery (RCA).

Figure 4: 2DTransesophageal echocardiography. The image
shows moderate mitral valve regurgitation. A. Apical Four
Chamber View. B. Apical Three Chamber View. LV: Left Ventricle,
LA: Left Atrium, Ao: Aortic Root, RA: Right Atrium. RV: Right
Ventricle.

Figure 5: Preoperative Transesophageal echocardiography
3D. AML: Anterior Mitral Leaflet. PML: Posterior Mitral Leaflet.

evaluation of the MR, exercise treadmill testing was utilized
using the standard Bruce protocol. The patient was exercised
for 6 minutes achieving a maximum heart rate of 95 bpm, whist
on b blocker therapy. There was normal heart rate and blood
pressure response to exercise. The test was stopped at the
patient’s request. There were multiple PVCs and couplets at peak
stress. The echo images showed moderate to severe mitral valve
insufficiency at peak exercise and RVSP increased to 50mmHg
from 30mmHg at rest. The patient subsequently underwent a
cardiac MRI which showed a severely enlarged left ventricle with
normal wall thickness and a mildly affected systolic performance.
Localized hypokinesia of the mid anterolateral wall segment of
the left ventricle was present. The left atrium exhibited increased
dimensions. There was leaflet mitral valve prolapse with
moderate to severe MR (Barlow disease, Figure 6).
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Figure 6: Cardiac magnetic resonance image showing mitral
regurgitation. A. CMR showing the four-chamber view in
ventricular diastole. B. CMR showing the four chamber in
ventricular systole with mitral regurgitation present.

Figure 7: Post Repair Surgery 3D Transesophageal Echocardiography

Follow up

The paient had an uneventful hospitalization, and following
a multidisciplinary heart team discussion, an ICD was implanted.
The decision for this was based on the circumstances of her
presentation with a malignant arrhythmia and the fact that she
was a survivor of an arrhythmogenic cardiac arrest. The patient
was discharged 12 days after admission and referred for a surgical
mitral valve repair. Metoprolol was also prescribed at discharge.
The patienteventuallyhad an MVrepair surgery with exceptionally
good results (Figures 7). With regards to recurrence of significant
cardiac arrhythmias, the patient developed recurrent and highly
symptomatic episodes of paroxysmal atrial fibrillation, which
were successfully suppressed with a combination of bisoprolol
and propafenone. There has been no documented recurrence of a
notable ventricular arrhythmia following her surgery as seen on
her scheduled and frequent ICD checks. Furthermore, her burden
of ventricular ectopy remains low. The patient was genetically
investigated with Next Generation Sequencing of a panel of 72
genes which are known to be implicated in inherited cardiac
conditions (not shown). Two variants were of particular interest,
which were further validated by Sanger sequencing (Table 1,2).
In the MYPN gene, exon 19, variant c. 3793G>A, p. Ala1265Thr
was detected. In Silico analysis shows it is extremely rare and
classified as a variant of uncertain significance (VUS) in the
Varsome and ClinVar databases. Importantly, a known pathogenic
variant reported in the Human Gene Mutation Database (HGMD)
affected the same amino acid residue, but substituting alanine
with proline, in an Asian female patient with hypertrophic
cardiomyopathy [1,2]. She was first diagnosed at age 28-yrs
and was compound heterozygote for another variant in the
second allele of the same gene, MYPN, thus suggesting recessive
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inheritance. A second variant in our patient was in the TMPO
gene, exon 4, substituting aspartate with glycine, c. 1970A>G, p.
Asp657Gly. Varsome classifies it as likely benign, and Mutation
Taster is divided between classifications of polymorphism and
disease causing. The mother of the patient carries only mutation
in the TMPO gene, and she is healthy at age 68-yrs. Three children
of the patient, a son from a first marriage and a son and daughter
from a second marriage, aged 28, 21 and 10-yrs respectively, are
mainly healthy, with the 21-yo son manifesting mild mitral valve
regurgitation. Two other sons, one from each marriage aged 27
and 22-yo, are healthy and have inherited neither of the variants.

It is not easy to attribute causality to either of the two DNA
variants, thus reiterating previous similar experience by many
authors in this field. Reduced penetrance is certainly a likely
explanation ofthelack of obvious pastfamily history. If only digenic
inheritance is sufficient and necessary to produce a perceptible
phenotype, might also explain this lack of past history while the
three children who by chance co-inherited both linked variants,
may be at increased risk and require close clinical monitoring.
Overall, the genetics findings, although not conclusive, might
suggest that digenic inheritance is responsible for the phenotype,
implicating genes previously linked to dilated cardiomyopathy,
thus expanding the phenotypic spectrum of variants and
mutations in these genes. An alternative to digenicinheritance
might be that the variant in the MYPN gene is pathogenic and
the variant in the TMPO gene acts more like a genetic modifier.
A genetic modifier is a DNA variant with no effect on its own,
but which could exacerbate or even precipitate the phenotype
when co-inherited on the background of another condition [3]. A
limitation of this work is the absence of unequivocal segregation
of the phenotype with the genetic findings, which may be
resolved in the future if one or more of the younger members
develop pathognomonic clinical features, hopefully not a fatal
cardiac arrest. The literature is not particularly helpful in further
resolving the genetic uncertainty, as many genes have been shown
to be mutated in patients with MVP while incomplete penetrance,
or age-dependent penetrance, is the norm. More genes that may
play a role either following Mendelian inheritance or following
digenic inheritance are to be discovered through contemporary
parallel sequencing of panels of genes or through whole exome
and whole genome sequencing.

Definition of Mitral Valve Prolapse

Mitral valve prolapse (MVP) is a valvular heart disease in
which one (asymmetrical) or both (symmetrical) leaflets of
the mitral valve are displaced more than 2mm above the mitral
annulus into the left atrium during systole. Because of the bulging
into the left atrium the valve does not close tightly, causing
variable degree of valve regurgitation. According to the thickness
of the leaflets, MVP is classified as classic (>5mm) and non-classic
(<5mm) MVP. Mitral valve prolapse is also known as click-murmur
syndrome, Barlow’s syndrome, or floppy valve syndrome [1,4].
During heart auscultation, a mid-systolic click, followed by a late
systolic murmur is heard at the apex. The duration of the murmur
is prolonged by standing and Valsalva maneuver and the systolic
click is heard earlier.

Epidemiology of Mitral Valve Prolapse and Sudden
Cardiac Death (SCD)

Mitral Valve prolapse (MVP) affects 2-3% of the general
population[5]. Patients may present with a variety of
clinical scenarios ranging from mild, nonspecific symptoms
to decompensated heart failure, endocarditis, malignant
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c.3793G>A, p. Hypertrophic cardiomyopathy, reported in female Uncertain
MYPN (Exon 19) | 1 1 o065y | 15199476416 1 0 patient with c. 3793G>C, p. A1265P(2 significance
g
TMPO (Exon 4) C'g:;:?;g'yp' No data dI:(t)a Not found No data
Table 1: Variants Detected.

c. 3793G>A, p. Uncertain . .
MYPN (Exon 19) Ala1265Thr significance Disease causing 0.53 1 58
TMPO (Exon 4) C';Sggé’:;(g;,p' Likely benign P"lymorcl;}:l‘:i‘:éljlsease 0 0.007 94

Table 2: Prediction

arrhythmias, and sudden cardiac death. The incidence of SCD in
patients with MVP in the general population has been calculated
up to 0,3-0,4% yearly [6]. MVP has been recognized in a recent
study as the third most common cause of sudden cardiac death
in young adults <35 years (12%) following arrhythmogenic right
ventricular cardiomyopathy (24%), and coronary heart disease
(20%) as leading causes [7]. MVP is more frequent in patients
with Ehlers-Danlos syndrome, Marfan syndrome, Graves’ disease,
and polycystic kidney disease [8,9]. Rheumatic heart disease,
endocarditis and myocardial ischemia could also be causes of
mitral valve prolapse. Barlow’s disease is the most prominent
form of MVP characterized by myxomatous degeneration of the
valve leaflets and increased calcification of the mitral annulus [4].

Identifying patients with MVP at risk for SCD

a) Electrocardiographic findings:Patients with MVP often
have a normal baseline ECG. However, in patients who had a
cardiac arrest, the incidence of inverted or biphasic T waves
in the inferolateral leads [5,10] was found to be increased. QT
dispersion and QT prolongation have also been described. The
presence of premature PVCs originating from the papillary
muscle (PM) or fascicular region has been well documented
[11]. Arrhythmia’s arising from PMs in the left ventricle have
right bundle branch morphology in lead V1. More specifically
ventricular ectopic originating from the posteromedial
PM has a superior axis, which is similar to left posterior
fascicular and or perimitral arrhythmias while ventricular
ectopic arising from the anterolateral PM has an inferior axis
similar to arrhythmias from the left anterior fascicle [12].
Notably a recent study showed how important it is to grade
and categorize the burden of ventricular arrhythmia in these
patients and presented that severe ventricular arrhythmia
is associated with more adverse events. Patients with no VT
and PVC frequency below median (<5%) were categorized
in the “No/Trivial” group while patients with, PVCs above
the median (5%) and/or with documented VT runs no faster
than 120 beats/min , with VT runs of 120 to 179 beats/min
and with VT >180 beats/min and/or proven history of VT/
ventricular fibrillation (VF), indicating a need for an ICD
were categorized in “Mild”, “Moderate” and “Severe” groups
respectively. In addition, in the same study the authors were
able to gather the main prognostic factors that were directly
correlated with the prognosis of these patients. The most
important of these are mitral annular disjunction (MAD),
leaflet redundancy and ST-T changes (T wave inversion and ST-
depression) [13]. On the same line a recent study that describe
the phenotype of forty-two patients with cardiac arrest has
found that most patients had PVCs originated mainly from the
posterior papillary muscles [14]. MVP may cause alterations

in the mechanical function of the papillary muscles and the
left ventricle in extent. This abnormal mechanical function
has been associated as a trigger of malignant arrhythmias
even in the absence of histological changes [5,15,16].

b) Echocardiography: The use of both transthoracic and
transesophageal examination is crucial to determine the
disease severity. A detailed description of the mitral valve
structure should include leaflet thickness or redundancy,
annular dilatation, and chordal length. The presence of
bileaflet prolapse has been associated with an increased
rate of ventricular arrhythmias and sudden cardiac arrest
[10,17]. The severity of MR has not been associated with
bad prognosis; however its quantification as well as any
consequent structure anomalies such as LA dilatation,
LV dysfunction, pulmonary flow reversal or pulmonary
hypertension should be described. It is important to report
that the presence of mitral annular disjunction (MAD) found
on echo examination in patients with MPV has been associated
with increased prevalence of arrhythmic events. MAD is
characterized by the abnormal positioning of the hinge point
of the mitral valve away from the ventricular myocardium and
has been appointed as an independent factor for the presence
of ventricular arrhythmias [18-20]. Accordingly, a study,
summarizing findings from subjects of sudden cardiac death
and mitral valve prolapse, showed increased prevalence of
bileaflet prolapse, subendocardial fibrosis and mitral annulus
dilatation [21]. Importantly, a recent study has shown
that mechanical dispersion identified by speckle tracking
echocardiography was a strong predictor of the presence of
malignant arrhythmias. Notably, this was independent of LV
function, bileaflet valve prolapse and degree of MR [22].

Cardiac MRI

The most prominent finding in patients with cardiac arrest
and MVP is the presence of fibrosis of the papillary muscles and
inferobasal segments of the left ventricle that was consistent with
histological findings [5]. Consistent with the above researchers
have recently reported that by using T1 mapping and late
gadolinium enhancement half of the patients with MVP had a
degree of papillary muscle fibrosis [23]. It is important to clarify
that the absence of fibrosis is not a positive predictive variable
since patients without fibrosis still suffer a sudden cardiac
death. Probably this is since the fibrosis is a late finding in the
disease process and other triggers of malignant arrhythmias are
to be blamed. Interestingly a new study has come to support the
above theory by demonstrating an undetected until now level of
myocardial inflammation in patients with degenerative mitral
valve prolapse by using a hybrid method of PET/MRI [24].
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Genetics

The genes contribution in the development of MVP has been
associated with both the syndromic as well as the nonsyndromic
aspect of the genetic spectrum. Trisomies of chromosome 18
(Edwards syndrome), chromosome 13 (Patausyndrome) and
chromosome 15 are associated with MVP23. In addition, patients
with connective tissue diseases such as Marfan syndrome
(MFS), Loeys-Dietz syndrome (LDS), Ehlers-Danlos syndrome
(EDS), Williams-Beuren syndrome (WBS) Pseudoxanthomaelasticum,
Osteogenesisimperfecta, Borronedermato-cardio-skeletal syndrome,
have been presented with variable degrees of MVP [25-29]. Moreover,
isolated non-syndromic familial forms of MVP have also been
characterized. These forms are age and sex dependent as well as with
different levels of age dependent and age-independent penetrance
and phenotypic expression. Also, these forms are present
with X-linked recessive inheritance [31] as well as autosomal
dominant inheritance [31]. MVP1, MMVP2 and MMVP3 loci in
chromosomes 16, 11 and 13 respectively are also associated with
the presence of MVP [32-34]. A recent study in patients with left
ventricular non-compaction (LVNC) and sinus node dysfunction
who present with MVP has found mutations in the FLNC gene
that encodes for gamma flimin, a crucial protein interacting with
actin filaments in the myocyte structure [35]. Genome-wide
association studies have also been contacted. TNS1 gene (encodes
tensin 1 which is an actin-binding protein) as well as LCMD1 gene
(encodes a transcription factor repressor of GATA 6 which is an
important regulator to atrioventricular valves development) are
under study to identify their role in the expression of MVP [36,37].
Further studies are needed to identify through genetic analysis those
individuals that are in increased risk of malignant MVP and SCD.

Treatment Options

Optimal medical treatment including beta or calcium channel
blocker therapy or more complex antiarrhythmic drugs, should
be first line treatment in patients with MVP and documented
malignant arrhythmias. More importantly the use of ICD therapy
as secondary prevention has been related with better prognosis
[38]. Furthermore, catheter ablation of PVCs found in patients
with MVP has been shown to reduce ICD shocks [11]. The ability
of surgical correction to reduce ventricular arrhythmias has
been controversial. One study reported a significant reduction in
arrhythmic burden after mitral valve surgery, even in the absence
of substantial mitral regurgitation [39].On the other hand, another
study failed to show any reduction on the ventricular ectopic
burden [40]. At the same time, both emphasize the importance
of early surgical intervention for the timely and immediate
treatment of possible mechanical and electrophysiological
remodeling that the heart may undergo.

While various prognostic factors have been described, no
one is sensitive enough to predict these arrhythmias. Overall,
there is an increasing need for more studies that will address
not only the causative factors leading to sudden cardiac death
but also to establish an efficient risk stratification strategy to
provide immediate solutions to our patients’ problems. Perhaps
the early identification of DNA variants that increase the
genetic susceptibility to adverse outcomes might be an option,
accompanied by closer clinical follow-up. The detection of such
variants that demonstrate co-segregation in affected families
is a strategy facilitated with contemporary Next Generation
Sequencing technologies.

1. Mechleb BK, Kasasbeh ES, Iskandar SB, Schoondyke JW, Garcia
ID. Mitral valve prolapse: relationship of echocardiography

Boffin Fccess
characteristics to natural history. Echocardiography.

2006;23(5):434-437.
2. Purevjav E, Arimura T, Augustin S, Huby AC, Takagi K, et
al. Molecular basis for clinical heterogeneity in inherited

cardiomyopathies due to myopalladin mutations. HumMol
Genet. 2012;21(9):2039-2053.

3. Deltas C. Digenic inheritance and genetic modifiers. Clinical
genetics. 2018;93(3):429-438.

4. Hayek E, Gring CN, Griffin BP. Mitral valve prolapse. Lancet.
2005;365(9458):507-518.

5. Basso C, lliceto S, Thiene G, PerazzoloMarra M. Mitral Valve
Prolapse, Ventricular Arrhythmias, and Sudden Death.
Circulation. 2019;140(11):952-964.

6. Duren DR, Becker AE, Dunning A]. Long-Term Follow-
up of Idiopathic Mitral-Valve Prolapse in 300 Patients - a
Prospective-Study. ] Am CollCardiol. 1988;11(1):42-47.

7. Miller MA, Dukkipati SR, Turagam M, Liao SL, Adams DH,
Reddy VY. Arrhythmic Mitral Valve Prolapse: JACC Review
Topic of the Week. ] Am CollCardiol. 2018;72(23 Pt A):2904-
2914.

8. Lumiaho A, Ikaheimo R, Miettinen R, Niemitukia L, Laitinen
T, et al. Mitral valve prolapse and mitral regurgitation are
common in patients with polycystic kidney disease type 1. Am
] Kidney Dis. 2001;38(6):1208-1216.

9. Freed LA, Levy D, Levine RA, Larson MG, Evans JC, et al.
Prevalence and clinical outcome of mitral-valve prolapse. N
Engl ] Med. 1999;341(1):1-7.

10. Sriram CS, Syed FF, Ferguson ME, Johnson ]N, Enriquez-Sarano
M, et al. Malignant bileaflet mitral valve prolapse syndrome
in patients with otherwise idiopathic out-of-hospital cardiac
arrest. ] Am CollCardiol. 2013;62(3):222-230.

11. Syed FF, Ackerman M], McLeod CJ, Kapa S, Mulpuru SK, Sriram
CS, et al. Sites of Successful Ventricular Fibrillation Ablation
in Bileaflet Mitral Valve Prolapse Syndrome. Circ-Arrhythmia
Elec. 2016;9(5).

12. Kautzner ], Peichl P. Papillary Muscle Ventricular Tachycardia
or Ectopy: Diagnostics, Catheter Ablation and the Role of
Intracardiac Echocardiography. ArrhythmElectrophysiol Rev.
2019;8(1):65-69.

13. Essayagh B, Sabbag A, Antoine C, Benfari G, Yang LT, Maalouf
], et al. Presentation and Outcome of Arrhythmic Mitral Valve
Prolapse. ] Am CollCardiol. 2020;76(6):637-649.

14. Hourdain ], Clavel MA, Deharo JC, Asirvatham S, Avierinos
JE, et al. Common Phenotype in Patients With Mitral Valve
Prolapse Who Experienced Sudden Cardiac Death. Circulation.
2018;138(10):1067-1069.

15. Delling FN, Gona P, Larson MG, Lehman B, Manning W], et al.
Mild expression of mitral valve prolapse in the Framingham
offspring: expanding the phenotypic spectrum. ] Am
SocEchocardiogr. 2014;27(1):17-23.

16. Wilde AA, Duren DR, Hauer RN, deBakker JM, Bakker PF,
et al. Mitral valve prolapse and ventricular arrhythmias:
observations in a patient with a 20-year history. ]
CardiovascElectrophysiol. 1997;8(3):307-316.

17. Fulton BL, Liang J], Enriquez A, Garcia FC, Supple GE, Riley
MP, et al. Imaging characteristics of papillary muscle site of
origin of ventricular arrhythmias in patients with mitral valve
prolapse. ] CardiovascElectrophysiol. 2018;29(1):146-153.

18. Dejgaard LA, Skjolsvik ET, Lie OH, Ribe M, Stokke MK, Hegbom
F, et al. The Mitral Annulus Disjunction Arrhythmic Syndrome.
] Am CollCardiol. 2018;72(14):1600-1609.

19. Bennett S, Phan T, Patwala A, Thamman R, Kwok CS. Surviving

Int J Clin Med Cases

Volume: 4.1


https://pubmed.ncbi.nlm.nih.gov/16686634/
https://pubmed.ncbi.nlm.nih.gov/16686634/
https://pubmed.ncbi.nlm.nih.gov/16686634/
https://pubmed.ncbi.nlm.nih.gov/16686634/
https://pubmed.ncbi.nlm.nih.gov/22286171/
https://pubmed.ncbi.nlm.nih.gov/22286171/
https://pubmed.ncbi.nlm.nih.gov/22286171/
https://pubmed.ncbi.nlm.nih.gov/22286171/
https://pubmed.ncbi.nlm.nih.gov/28977688/
https://pubmed.ncbi.nlm.nih.gov/28977688/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)17869-6/ppt
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(05)17869-6/ppt
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.034075
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.034075
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.034075
https://pubmed.ncbi.nlm.nih.gov/3335704/
https://pubmed.ncbi.nlm.nih.gov/3335704/
https://pubmed.ncbi.nlm.nih.gov/3335704/
https://pubmed.ncbi.nlm.nih.gov/30522653/
https://pubmed.ncbi.nlm.nih.gov/30522653/
https://pubmed.ncbi.nlm.nih.gov/30522653/
https://pubmed.ncbi.nlm.nih.gov/30522653/
https://pubmed.ncbi.nlm.nih.gov/11728952/
https://pubmed.ncbi.nlm.nih.gov/11728952/
https://pubmed.ncbi.nlm.nih.gov/11728952/
https://pubmed.ncbi.nlm.nih.gov/11728952/
https://pubmed.ncbi.nlm.nih.gov/10387935/
https://pubmed.ncbi.nlm.nih.gov/10387935/
https://pubmed.ncbi.nlm.nih.gov/10387935/
https://pubmed.ncbi.nlm.nih.gov/23563135/
https://pubmed.ncbi.nlm.nih.gov/23563135/
https://pubmed.ncbi.nlm.nih.gov/23563135/
https://pubmed.ncbi.nlm.nih.gov/23563135/
https://www.ahajournals.org/doi/full/10.1161/circep.116.004005
https://www.ahajournals.org/doi/full/10.1161/circep.116.004005
https://www.ahajournals.org/doi/full/10.1161/circep.116.004005
https://www.ahajournals.org/doi/full/10.1161/circep.116.004005
https://pubmed.ncbi.nlm.nih.gov/30918670/
https://pubmed.ncbi.nlm.nih.gov/30918670/
https://pubmed.ncbi.nlm.nih.gov/30918670/
https://pubmed.ncbi.nlm.nih.gov/30918670/
https://www.sciencedirect.com/science/article/pii/S0735109720356849
https://www.sciencedirect.com/science/article/pii/S0735109720356849
https://www.sciencedirect.com/science/article/pii/S0735109720356849
https://pubmed.ncbi.nlm.nih.gov/30354542/
https://pubmed.ncbi.nlm.nih.gov/30354542/
https://pubmed.ncbi.nlm.nih.gov/30354542/
https://pubmed.ncbi.nlm.nih.gov/30354542/
https://pubmed.ncbi.nlm.nih.gov/24206636/
https://pubmed.ncbi.nlm.nih.gov/24206636/
https://pubmed.ncbi.nlm.nih.gov/24206636/
https://pubmed.ncbi.nlm.nih.gov/24206636/
https://pubmed.ncbi.nlm.nih.gov/9083880/
https://pubmed.ncbi.nlm.nih.gov/9083880/
https://pubmed.ncbi.nlm.nih.gov/9083880/
https://pubmed.ncbi.nlm.nih.gov/9083880/
https://onlinelibrary.wiley.com/doi/abs/10.1111/jce.13374
https://onlinelibrary.wiley.com/doi/abs/10.1111/jce.13374
https://onlinelibrary.wiley.com/doi/abs/10.1111/jce.13374
https://onlinelibrary.wiley.com/doi/abs/10.1111/jce.13374
https://pubmed.ncbi.nlm.nih.gov/30261961/
https://pubmed.ncbi.nlm.nih.gov/30261961/
https://pubmed.ncbi.nlm.nih.gov/30261961/
https://www.researchgate.net/publication/334350859_Surviving_cardiac_arrest_from_mitral_annular_disjunction_A_case_report

Journal Home: https://www.boffinaccess.com/journals/clinical-and-medical-cases/ijcmc

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cardiac arrest from mitral annular disjunction: A case report.
Echocardiography. 2019;36(7):1405-1408.

Konda T, Tani T, Suganuma N, Fujii Y, Ota M, et al. Mitral
annular disjunction in patients with primary severe mitral
regurgitation and mitral valve prolapse. Echocardiography.
2020;37(11):1716-1722.

Han HC, Ha FJ, Teh AW, Calafiore P, Jones EF, et al. Mitral Valve
Prolapse and Sudden Cardiac Death: A Systematic Review. |
Am Heart Assoc. 2018;7(23):e010584.

Ermakov S, Gulhar R, Lim L, Bibby D, Fang Q, et al. Left
ventricular mechanical dispersion predicts arrhythmic risk in
mitral valve prolapse. Heart. 2019;105(14):1063-1069.

Pradella S, Grazzini G, Brandani M, Calistri L, Nardi C, et al.
Cardiac magnetic resonance in patients with mitral valve
prolapse: Focus on late gadolinium enhancement and T1
mapping. EurRadiol. 2019;29(3):1546-1554.

Miller MA, Adams DH, Pandis D, Robson PM, Pawale A, et al.
Hybrid Positron Emission Tomography/Magnetic Resonance
Imaging in Arrhythmic Mitral Valve Prolapse. JAMA Cardiol.
2020;5(9):1000-1005.

Attias D, Stheneur C, Roy C, Collod-Beroud G, Detaint D,
et al. Comparison of clinical presentations and outcomes
between patients with TGFBR2 and FBN1 mutations in
Marfan syndrome and related disorders. Circulation.
2009;120(25):2541-2549.

Collins RT, 2nd. Cardiovascular disease in Williams syndrome.
CurrOpinPediatr. 2018;30(5):609-615.

Brady AF, Demirdas S, Fournel-Gigleux S, Ghali N, Giunta C, et
al. The Ehlers-Danlos syndromes, rare types. Am ] Med Genet
C Semin Med Genet. 2017;175(1):70-115.

Harrington ], Sochett E, Howard A. Update on the evaluation
and treatment of osteogenesisimperfecta. PediatrClin North
Am. 2014;61(6):1243-1257.

Prunier F, Terrien G, Le Corre Y, Apana AL, Biere L, et al.
Pseudoxanthomaelasticum: cardiac findings in patients and
Abcc6-deficient mouse model. PLoS One. 2013;8(7):e68700.

Monteleone PL, Fagan LF. Possible X-linked congenital heart
disease. Circulation. 1969;39(5):611-614.

Disse S, Abergel E, Berrebi A, Houot AM, Le Heuzey ]Y, et al.
Mapping of a first locus for autosomal dominant myxomatous

mitral-valve prolapse to chromosome 16p11. 2-p12. 1. Am |
Hum Genet. 1999;65(5):1242-1251.

Boffin Access

FOSTERING KNOWLEDGE

32.

33.

34.

35.

36.

37.

38.

39.

40.

Durst R, Sauls K, Peal DS, deVlaming A, Toomer K, Leyne M, et
al. Mutations in DCHS1 cause mitral valve prolapse. Nature.
2015;525(7567):109-113.

Nesta F, Leyne M, Yosefy C, Simpson C, Dai D, et al. New
locus for autosomal dominant mitral valve prolapse on
chromosome 13: clinical insights from genetic studies.
Circulation. 2005;112(13):2022-2030.

Le Tourneau T, Merot ], Rimbert A, Le Scouarnec S, Probst V,
et al. Genetics of syndromic and non-syndromic mitral valve
prolapse. Heart. 2018;104(12):978-984.

Milano A, Vermeer AM, Lodder EM, Barc |, Verkerk AO, et
al. HCN4 mutations in multiple families with bradycardia
and left ventricular noncompaction cardiomyopathy. ] Am
CollCardiol. 2014;64(8):745-756.

Dina C, Bouatia-Naji N, Tucker N, Delling FN, Toomer K,
et al. Genetic association analyses highlight biological
pathways underlying mitral valve prolapse. Nat Genet.
2015;47(10):1206-1211.

Rath N, Wang ZS, Lu MM, Morrisey EE. LMCD1/dyxin is a
novel transcriptional cofactor that restricts GATA6 function
by inhibiting DNA binding. Mol Cell Biol. 2005;25(20):8864-
8873.

Kay JH, Krohn BG, Zubiate P, Hoffman RL. Surgical correction
of severe mitral prolapse without mitral insufficiency but
with pronounced cardiac arrhythmias. ] ThoracCardiovasc
Surg. 1979;78(2):259-268.

Vaidya VR, DeSimone CV, Damle N, Naksuk N, Syed FE
et al. Reduction in malignant ventricular arrhythmia
and appropriate shocks following surgical correction of
bileaflet mitral valve prolapse. ] Interv Card Electrophysiol.
2016;46(2):137-143.

Naksuk N, Syed FF, Krittanawong C, Anderson M], Ebrille
E, DeSimone CV, et al. The effect of mitral valve surgery on
ventricular arrhythmia in patients with bileaflet mitral valve
prolapse. Indian Pacing Electrophysiol ]. 2016;16(6):187-191.

Int J Clin Med Cases

Volume: 4.1


https://www.researchgate.net/publication/334350859_Surviving_cardiac_arrest_from_mitral_annular_disjunction_A_case_report
https://www.researchgate.net/publication/334350859_Surviving_cardiac_arrest_from_mitral_annular_disjunction_A_case_report
https://onlinelibrary.wiley.com/doi/abs/10.1111/echo.14896
https://onlinelibrary.wiley.com/doi/abs/10.1111/echo.14896
https://onlinelibrary.wiley.com/doi/abs/10.1111/echo.14896
https://onlinelibrary.wiley.com/doi/abs/10.1111/echo.14896
https://pubmed.ncbi.nlm.nih.gov/30486705/
https://pubmed.ncbi.nlm.nih.gov/30486705/
https://pubmed.ncbi.nlm.nih.gov/30486705/
https://pubmed.ncbi.nlm.nih.gov/30755467/
https://pubmed.ncbi.nlm.nih.gov/30755467/
https://pubmed.ncbi.nlm.nih.gov/30755467/
https://pubmed.ncbi.nlm.nih.gov/30088066/
https://pubmed.ncbi.nlm.nih.gov/30088066/
https://pubmed.ncbi.nlm.nih.gov/30088066/
https://pubmed.ncbi.nlm.nih.gov/30088066/
https://pubmed.ncbi.nlm.nih.gov/32936270/
https://pubmed.ncbi.nlm.nih.gov/32936270/
https://pubmed.ncbi.nlm.nih.gov/32936270/
https://pubmed.ncbi.nlm.nih.gov/32936270/
https://pubmed.ncbi.nlm.nih.gov/19996017/
https://pubmed.ncbi.nlm.nih.gov/19996017/
https://pubmed.ncbi.nlm.nih.gov/19996017/
https://pubmed.ncbi.nlm.nih.gov/19996017/
https://pubmed.ncbi.nlm.nih.gov/19996017/
https://pubmed.ncbi.nlm.nih.gov/30045083/
https://pubmed.ncbi.nlm.nih.gov/30045083/
https://pubmed.ncbi.nlm.nih.gov/28306225/
https://pubmed.ncbi.nlm.nih.gov/28306225/
https://pubmed.ncbi.nlm.nih.gov/28306225/
https://pubmed.ncbi.nlm.nih.gov/25439022/
https://pubmed.ncbi.nlm.nih.gov/25439022/
https://pubmed.ncbi.nlm.nih.gov/25439022/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068700
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068700
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0068700
https://pubmed.ncbi.nlm.nih.gov/5787314/
https://pubmed.ncbi.nlm.nih.gov/5787314/
https://www.sciencedirect.com/science/article/pii/S0002929707621302
https://www.sciencedirect.com/science/article/pii/S0002929707621302
https://www.sciencedirect.com/science/article/pii/S0002929707621302
https://www.sciencedirect.com/science/article/pii/S0002929707621302
https://pubmed.ncbi.nlm.nih.gov/26258302/
https://pubmed.ncbi.nlm.nih.gov/26258302/
https://pubmed.ncbi.nlm.nih.gov/26258302/
https://pubmed.ncbi.nlm.nih.gov/16172273/
https://pubmed.ncbi.nlm.nih.gov/16172273/
https://pubmed.ncbi.nlm.nih.gov/16172273/
https://pubmed.ncbi.nlm.nih.gov/16172273/
https://pubmed.ncbi.nlm.nih.gov/29352010/
https://pubmed.ncbi.nlm.nih.gov/29352010/
https://pubmed.ncbi.nlm.nih.gov/29352010/
https://pubmed.ncbi.nlm.nih.gov/25145517/
https://pubmed.ncbi.nlm.nih.gov/25145517/
https://pubmed.ncbi.nlm.nih.gov/25145517/
https://pubmed.ncbi.nlm.nih.gov/25145517/
https://pubmed.ncbi.nlm.nih.gov/26301497/
https://pubmed.ncbi.nlm.nih.gov/26301497/
https://pubmed.ncbi.nlm.nih.gov/26301497/
https://pubmed.ncbi.nlm.nih.gov/26301497/
https://journals.asm.org/doi/full/10.1128/MCB.25.20.8864-8873.2005
https://journals.asm.org/doi/full/10.1128/MCB.25.20.8864-8873.2005
https://journals.asm.org/doi/full/10.1128/MCB.25.20.8864-8873.2005
https://journals.asm.org/doi/full/10.1128/MCB.25.20.8864-8873.2005
https://pubmed.ncbi.nlm.nih.gov/459534/
https://pubmed.ncbi.nlm.nih.gov/459534/
https://pubmed.ncbi.nlm.nih.gov/459534/
https://pubmed.ncbi.nlm.nih.gov/459534/
https://pubmed.ncbi.nlm.nih.gov/26768434/
https://pubmed.ncbi.nlm.nih.gov/26768434/
https://pubmed.ncbi.nlm.nih.gov/26768434/
https://pubmed.ncbi.nlm.nih.gov/26768434/
https://pubmed.ncbi.nlm.nih.gov/26768434/
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-mitral-valve-surgery-on-ventricular-arrhythmia-in-p
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-mitral-valve-surgery-on-ventricular-arrhythmia-in-p
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-mitral-valve-surgery-on-ventricular-arrhythmia-in-p
https://mayoclinic.pure.elsevier.com/en/publications/the-effect-of-mitral-valve-surgery-on-ventricular-arrhythmia-in-p

	Title
	Article Information
	Abstract
	Case
	Patient presentation
	Initial work up
	Diagnosis and Management
	Follow up

	Review of the Literature
	Definition of Mitral Valve Prolapse 
	Epidemiology of Mitral Valve Prolapse and Sudden Cardiac Death (SCD)
	Identifying patients with MVP at risk for SCD
	Cardiac MRI 
	Genetics 
	Treatment Options

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2

