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CASE REPORT

CLINICAL CASE SERIES
Mitral Annular Disjunction
An Under-Recognized Entity in Pediatrics
Fahad A. Alfares, MD,a,b Jae Ho Sohn, MD, MS,c Yoo Jin Lee, MD,c Rachel Farrell, MS,a

Francesca N. Delling, MD, MPH,d Kishor Avasarala, MD,a Anita J. Moon-Grady, MD,a Shafkat Anwar, MD,a,d

Karyn M. Austin, MD, PHDa
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Mitral annular disjunction (MAD) is a rare and under-recognized entity in the pediatric population. We present 2

cases of MAD in previously healthy pediatric patients and highlight clinical scenarios where MAD should be suspected.

(J Am Coll Cardiol Case Rep 2024;29:102297) © 2024 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
CASE 1

A previously healthy 16-year-old female patient
experienced sudden cardiac arrest while walking at
school. Immediate cardiopulmonary resuscitation
was initiated, and automated external defibrillator
tracings demonstrated ventricular fibrillation. She
underwent multiple rounds of defibrillation and had
return of spontaneous circulation within approxi-
mately 40 minutes. She was admitted to an external
EARNING OBJECTIVES

To identify and recognize MAD in the pedi-
atric population.
To understand the role of MAD in cardiac
arrest and ventricular arrhythmia in pediatric
patients.
To understand the diagnostic work-up for
MAD in the pediatric population.
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facility where a baseline electrocardiogram was
abnormal (Figure 1), and demonstrated sinus rhythm,
mild first-degree atrioventricular block, nonspecific
intraventricular conduction delay, nonspecific
ST-segment changes, and borderline QTc prolonga-
tion (455 ms). Echocardiogram revealed moderate-
severe left ventricular (LV) systolic dysfunction and
a thickened mitral valve with trace mitral regurgita-
tion (MR). Cardiac magnetic resonance (CMR) per-
formed 2 days after the arrest reported biventricular
dysfunction, right ventricular (RV) wall motion ab-
normalities, and RV dilation prompting concern for
arrhythmogenic cardiomyopathy; she was referred to
our center for further evaluation. Upon admission,
physical examination noted several features suspi-
cious for a connective tissue disorder (CTD),
including elongated limbs and digits, hypermobility,
horizontal skin striae, and a mild pectus excavatum.
Otherwise, the patient had no significant medical
history, including syncope, palpitations, or chest
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FIGURE 1 Baseline Electrocar

Sinus rhythm, borderline first-d

prolonged QTc (455 ms).
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pain. Additionally, there was no history of
neurological impairment, seizures/epilepsy,
or headache. The family history was
remarkable for paternal mitral valve endo-
carditis but was negative for arrhythmia or
sudden cardiac death.

Differential diagnosis included arrhyth-
mogenic cardiomyopathy, undiagnosed
channelopathy, unrecognized structural
heart disease, primary neurologic disease,
or drug intoxication. Given prolonged out-of-
hospital resuscitation, she underwent head computed
tomography, which was negative for primary intra-
cranial pathology or bleeding. Due to clinical suspi-
cion for a CTD and concerns for arrhythmogenic
cardiomyopathy, a repeat CMR was performed
2 weeks after her cardiac arrest, which demonstrated
normalization of the RV and LV end-diastolic vol-
umes (82 and 90 mL/m2, respectively) with improved
LV (EF 51%) and RV function (EF 46%). Additionally, a
clear separation between the posterior leaflet of the
mitral valve and the basal portion of the LV postero-
lateral wall was noted with a maximum distance of
18 mm, consistent with mitral annular disjunction
(MAD). These findings are best noted on the

se
diogram, Case 1

egree atrioventricular block (PR 180 ms), mild nonspecific intrave
horizontal long-axis and vertical long-axis cines in
end-systole (Figure 2). There was bileaflet mitral valve
prolapse (MVP) without MR or late gadolinium
enhancement (LGE) of the LV myocardium or papil-
lary muscles to suggest myocardial fibrosis or scarring
(Figure 2). Retrospective review of her echocardio-
gram corroborated these findings, with a 15-mm sep-
aration of the posterior mitral leaflet from the LV free
wall (Figure 3). Genetic testing for comprehensive
cardiomyopathy, arrhythmia, and aortopathy genes
resulted in a pathogenic exon deletion (exons 25-26)
in fibrillin-1 (FBN1), confirming a diagnosis of Marfan
syndrome. Given her unprovoked cardiac arrest, she
underwent uncomplicated placement of a secondary-
prevention dual-chamber transvenous implantable
cardioverter-defibrillator. Despite her significant
resuscitation, she currently has no clinical sequelae
from her arrest and no additional arrhythmias have
been detected.

CASE 2

A 12-year-old healthy female patient was referred to
cardiology clinic for evaluation of a murmur. She was
asymptomatic and her family history was negative for
ntricular conduction delay, nonspecific ST changes, and borderline



FIGURE 2 CMR, Case 1

Cardiac magnetic resonance in horizontal long-axis view (A), showing mitral annual disjunction distance of 15 mm; the red arrows indicate the

mitral annular plane. (B) Vertical long-axis view with mitral annual disjunction, distance of 18 mm. (C) No evidence of late gadolinium

enhancement of the left ventricle.
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cardiac disease or arrythmia. An echocardiogram was
performed that demonstrated bileaflet MVP with mild
to moderate MR (Figure 4); the electrocardiogram was
normal for age. CMR confirmed the findings and
noted a regurgitant fraction of 29%, mild LV dilata-
tion, and normal biventricular systolic function. MAD
was noted with a maximum distance of 11 mm,
without evidence of LV scarring or fibrosis (Figure 5).
She underwent exercise stress testing that showed
normal exercise capacity and heart rate response,
without evidence of arrhythmia. Genetic testing for
CTDs revealed an intronic variant of uncertain sig-
nificance in Mothers Against Decapentaplegic homolog
3 (SMAD3), a gene associated with Loeys-Dietz syn-
drome. Given the patient was asymptomatic, without
LGE, arrhythmia, or clinical manifestations of Loeys-
Dietz syndrome, no intervention was performed.
She will continue with yearly clinical evaluation,
including ambulatory rhythm monitoring and CMR.

DISCUSSION

Mitral annular disjunction is defined as separation of
the myocardium between the left atrial wall and LV
free wall at the posterior mitral valve insertion point.
To date, MAD is more commonly described in adults
and has been linked to ventricular arrhythmias and
other serious cardiac events, but is rarely reported in
pediatric patients1,2 (Supplemental Table 1). MAD is
often associated with MVP and increases the risk of
arrhythmic events.3 It has also been reported in pa-
tients with CTDs such as Marfan and Loeys-Dietz
syndrome, and usually indicates a more severe
phenotype.4 The prevalence of MAD varies across

https://doi.org/10.1016/j.jaccas.2024.102297


FIGURE 3 Echocardiogram, Case 1

Transthoracic echocardiogram in parasternal long-axis view showing mitral annular

disjunction with disjunction distance of (15 mm) in end systole.

FIGURE 4 Echocar

Transthoracic echoca

end systole. Color D
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studies, mainly attributed to differences in the defi-
nition of MAD distance. A systematic review of
3,925 patients found an 8.7% prevalence, which
increases in patients with MVP.5 Additionally, the
degree of MAD appears to influence clinical out-
comes, and longer distances (>8.5 mm) have been
associated with a higher incidence of adverse events.6

MAD can be readily diagnosed by transthoracic
diogram, Case 2

rdiogram in parasternal long-axis view showing mitral valve prolapse along w

oppler image shows mitral regurgitation.
echocardiography or CMR. CMR imaging has shown a
higher detection rate, especially in patients with a
shorter disjunction distance,7 because of its superior
resolution and volumetric imaging of the heart. CMR
is also helpful in detecting myocardial fibrosis, which
can be observed in patients with MAD, providing
critical information for risk stratification.8 Impor-
tantly, fibrosis is not necessary for a patient to
experience serious cardiac events,9 as illustrated in
Case 1, highlighting the complex pathophysiology of
arrhythmia generation in this population.

MAD is rarely reported in the pediatric population
and mostly consists of isolated case reports and small
numbers of pediatric patients in larger adult co-
horts2,10 (Supplemental Table 1). This report high-
lights the importance of considering MAD in pediatric
patients with ostensibly isolated MVP, and/or those
who have a history of sudden cardiac arrest or ma-
lignant ventricular arrhythmias. CTDs, if not already
suspected, should be considered, and genetic testing
should be discussed given the clinical implications.
Additionally, Case 1 draws attention to profound MAD
with mild valve prolapse, but no regurgitation or LGE,
as a risk factor for sudden cardiac arrest in pediatric
patients. This challenges the hypothesis that chronic
papillary stress from MAD contributes to scar and
arrhythmic substrate formation over time. Whether
there is subclinical fibrosis below the current level of
detection, inherent predisposition, or a different
ith mitral annular disjunction with disjunction distance of 11 mm in

https://doi.org/10.1016/j.jaccas.2024.102297


FIGURE 5 CMR, Case 2

Cardiac magnetic resonance in vertical long-axis view (A), showing mitral annual disjunction distance of 10.6 mm, and (B) in horizontal

long-axis view with same distance of 10.6 mm.
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mechanism altogether, further work is needed to
understand the relationship between MAD and
arrhythmogenesis.

Although this report highlights the importance of
recognizing MAD in susceptible pediatric patients,
the generalizability is limited by the rare nature of the
presentation. In our experience, a high level of sus-
picion is required to identify pediatric MAD, and a
thorough history with comprehensive diagnostic
work-up, including CMR and genetic testing, should
be considered. Early identification provides an op-
portunity for intervention before the onset of
significant arrhythmic events, although long-term
follow-up is required to better understand the natu-
ral history in pediatric patients.

CONCLUSIONS

MAD is a known risk factor for malignant arrhythmias
and sudden cardiac death in adults and can be asso-
ciated with MVP and CTDs. These cases suggest that
MAD should also be considered in pediatric patients
with MR and/or unexplained sudden cardiac arrest
for which standard evaluation has been unrevealing.
Concentrated expertise in advanced cardiac imaging
and cardiovascular genetics were critical in the eval-
uation and diagnosis of these patients. Therapy
should be directed toward managing coexisting mitral
valve disease and preventing future arrhythmic
events, including sudden cardiac death, as well as
addressing comorbidities associated with a CTD
diagnosis, if established.
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