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INTRODUCTION

Mitral annular disjunction (MAD) is a clinically relevant finding that is
readily detectable but often overlooked on echocardiography. It is an
abnormal atrial displacement of the hinge point of the mitral valve
away from the ventricular myocardium, identified as separation be-
tween the posterior leaflet insertion into the left atrial wall and the
base of the left ventricular free wall.1 Quantification of MAD has
focused predominantly onmaximal disjunction distance, but a disjunc-
tion index has also been used where the product of the disjunction arc
degree and themaximum disjunction distance is calculated in order to
give a more robust description of the separation identified.1

A disjunction index has been shown to correlate significantly with
the effective regurgitant orifice. Most often, MAD is identified using
echocardiography in parasternal long-axis and apical four-chamber
views in systole, because in diastole the ventricular myocardium ap-
pears to be appropriately situated under the annulus. Cardiacmagnetic
resonance imaging provides another modality for MAD diagnosis,
along with providing insight into arrhythmogenic foci of myocardial
fibrosis/scarring. Classically, MAD is associated with myxomatous
mitral valves and mitral valve prolapse (MVP), although it may be pre-
sent in their absence.Dejgaard et al,2 identifiedMVP in 78%of patients
with MAD. Here we present a case of MAD in a subpopulation of pa-
tients at increased risk of MVP where MAD has yet to be highlighted.

CASE PRESENTATION

A 23-year-old man with Marfan syndrome along with previous aortic
valve replacement and root repair presented after a syncopal episode.
He experienced prodromal symptoms including palpitations, tachy-
cardia, and lightheadedness. He had no previous similar episodes or
history of arrhythmia. Previous electrocardiogram (ECG) showed si-
nus rhythm with first degree atrioventricular block and biatrial
enlargement. On arrival, he was hypotensive and tachycardic with
ECG consistent with atrial fibrillation. Physical exam was remarkable
for severe kyphosis and scoliosis, dry oral mucosa, tachycardic irreg-
ular rhythm, systolic murmur, tachypnea, and arachnodactyly. Blood
pressure and heart rate responded to a 1 L intravenous fluid bolus.
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Transthoracic echocardiography demonstrated a severe centrally
directed mitral regurgitation (MR) with a severely dilated left atrium.
Bileaflet MVP with redundant mitral valve leaflets and prominent
MAD was apparent with maximal disjunction distance of 19.0 mm
(Figure 1, Video 1). Given the patient’s severe MR, surgical mitral
valve repair was performed, which the patient tolerated without
complication. An implantable loop recorder was placed for further
arrhythmia monitoring. Six months postoperatively the patient was
doing generally well. He had experienced an episode of atrial flutter
and had undergone successful electrical cardioversion about 3months
postoperatively. No ventricular arrhythmias have been noted on loop
recorder.
DISCUSSION

The prevalence of MAD in Marfan syndrome has not yet been inves-
tigated, but its association with MVP likely goes hand in hand with an
association with MAD. The incidence of MVP associated with Marfan
syndrome is variable, ranging from 28% to 80%, likely a function of
age distribution in the study populations, as notable mitral valve fea-
tures (MVP, MR) increase with age.

Marfan syndrome is associated with mutations in fibrillin-1 (FN1)
on chromosome 15q21.1, although it can also be caused by inactiva-
tion mutations in transforming growth factor beta (TGF-b) receptor 2
located at 3p24.2-p25. Ng et al3 hypothesized that the fibrillin-1-TGF-
b pathway is implicated in the pathogenesis of MVP in a murine
model of Marfan syndrome and demonstrated a causal relationship
between TGF-b dysregulation and abnormal mitral valve structure.

Mitral valve prolapse is generally considered sporadic but is a final
common pathway for a variety of genetic and acquired disorders
(Marfan syndrome, Ehlers-Danlos syndrome, aneuploidy syndromes,
Loeys-Dietz syndrome, pseudoxanthoma elasticum, and Larsen-like
syndrome, among others), which presumably weaken the connective
tissue of the valve and lead to leaflet elongation, thickening, and
degeneration. One case report implicated a truncating variant in the
FLNC-encoded filamin C, an actin-binding protein critical for struc-
tural integrity of the sarcomere in cardiac and skeletal muscle, as a po-
tential proarrhythmic genetic substrate for arrhythmogenic bileaflet
MVP syndrome.4

Similar to MVP, MAD has been associated with an arrhythmic syn-
drome with a high prevalence of ventricular arrhythmia (�34%) inde-
pendent of MVP.2 Potential markers for ventricular arrhythmia are
younger age, previous syncope, more premature ventricular contrac-
tion, papillary muscle fibrosis, and larger longitudinal MAD distance in
the posterolateral wall assessed by cardiovascular magnetic resonance
imaging.2 Bains et al4 proposed a ‘‘2-hit’’ model in which the underly-
ing arrhythmogenic genetic substrate weakens myocyte coupling,
which is then exacerbated by excess stress from MVP and/or MAD.

The normal saddle-shaped structure of the mitral annulus un-
dergoes complex conformational changes through the cardiac cycle
in order to provide a balanced distribution of mechanical stresses. In
MAD, annular flattening and dilation in systole have been
221

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://crossmark.crossref.org/dialog/?doi=10.1016/j.case.2021.04.002&domain=pdf
mailto:jdawdy@med.wayne.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.case.2021.04.002


VIDEO HIGHLIGHTS

Video 1: Parasternal long-axis view demonstrating bileaflet

MVP with redundant mitral valve leaflets and prominent

MAD in both two-dimensional and three-dimensional

echocardiography.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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demonstrated, which increase the stress on the leaflets and chordae.1

Placement of strain tracing over the papillary muscle demonstrates the
paradoxical tension on the valvular apparatus during systole in our pa-
tient with MVP and MAD (Figure 2). Measures of papillary muscle
strain have been used previously to explore its importance with regard
to different etiologies of MR, often using slightly different protocols.5,6

One prior study by Grapsa et al6 demonstrated that in patients with
isolated posterior leaflet MVP, preoperatively the posteromedial
papillary muscle experiences increased strain when compared to
the anterolateral papillary muscle and that this strain is reduced and
near normalized between the papillary muscles after mitral valve
repair; the investigators hypothesize that the initial asymmetric ten-
sion is exerted by the respective prolapsing leaflet.6 In our case, we
use a strain tracing that includes the lateral wall of the left ventricle
to demonstrate that while shortening of the lateral wall segments oc-
curs, the papillary muscle experiences lengthening with increased ten-
sion. These altered conformational changes have been labeled
paradoxical annular ‘‘unsaddling’’ and are explained by a functional
decoupling of the annular and ventricular motions.1 The increased
mechanical stress on the leaflets and chordae likely contributes to
the scarring/fibrosis seen in the papillary muscles and basal lateral
left ventricular myocardium that acts as a nidus for arrhythmia.

No specific diagnostic or treatment guidelines exist for
MAD. Ambulatory ECG monitoring and serial echocardiographic
Figure 1 Parasternal long-axis view demonstrating MAD (red star) in
ography. Maximal disjunction distance is indicated by the red brack
monitoring have been suggested without specifics. The role of phar-
maceutical and device therapy in these patients remains uncertain
at this time but should be a direction of future research. In a case by
Bains et al,4 focal ablation was used to reduce premature ventricular
contraction burden in a patient with arrhythmogenic bileaflet MVP
syndrome with success.

The currently proposed mechanism of the arrhythmic syndrome
suggests that surgical correction could play a role in limiting further
arrhythmic risk. Without addressing MAD, annular-ventricular decou-
pling may persist and impact sustained surgical outcomes. A modified
mitral valve repair technique has been used in some institutions in
recognition of this.7 Similarly, transcatheter mitral valve repair target-
ing leaflet pathology (e.g., MitraClip) may not fully address the annular
dysfunction caused by disjunction.
CONCLUSION

The dynamic nature of MAD contributes to its difficult identification,
and a concerted effort must be made in order to identify this condi-
tion, which is known to increase the risk of ventricular arrhythmia.
We highlight a case of MAD in Marfan syndrome in order to empha-
size the increased risk in this population along with other syndromes
associated with increased risk of MVP and malignant arrhythmias.
This subset of patients is already predisposed to aortic dissection,
and the presence of MAD may represent yet another albeit lesser
recognized risk factor for sudden cardiac death. We also provide a
visualization of the mechanical stress applied to the papillary muscles,
potentially contributing to the underlying mechanism of the
arrhythmic syndrome associated with this condition.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2021.04.002.
both two-dimensional (A) and three-dimensional (B) echocardi-
et. LA, Left atrium; LV, left ventricle.
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Figure 2 Strain region of interest applied to the papillary muscle to emphasize how valvular unsaddling exaggerates the mechanical
stresses on the leaflets and chordae in systole, whichmay predispose and perpetuate leaflet/chordae degeneration. Note paradoxical
systolic lengthening of papillary muscle (teal and yellow strain curves).
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