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Mitral annulus disjunction (MAD) is characterized by a separation between the atrial wall
mitral junction and the left ventricular (LV) free wall. Little is known regarding cardiac
magnetic resonance (CMR) performance to detect MAD and its prevalence in mitral valve
prolapse (MVP). Based on 89 MVP patients (63 women; mean age 64 § 13) referred for
CMR assessment of MR, either from myxomatous mitral valve disease (MMVP) (n = 40;
45%) or fibroelastic disease (n = 49; 55%), we sought to assess the frequency of MAD and
its consequences on LV morphology. Patients were classified in 2 groups according to
MAD presence (MAD+) or absence (MAD�). MAD (measuring 8 § 4 mm) was diagnosed
in 35% (31 of 89) of MVP patients, more frequently in MMVP than fibroelastic disease
(60% vs 14%). MAD+ was associated with MMVP; bileaflet MVP and nonsustain ventric-
ular tachycardia but not with the severity of MR. Diagnostic accuracy of transthoracic
echocardiography for the detection of MAD was fair (65% sensitivity, 96% specificity)
with CMR as reference. MAD+ showed significantly enlarged basal and mid LV diameters
and enlarged mitral-annulus diameter. In patients with late gadolinium enhancement,
presence of LV fibrosis at level of papillary muscle was more frequent in MAD+. After
adjustment on age and MR severity, MMVP, and enlarged end-systolic mitral annulus
diameter were independently associated with MAD+. In conclusion, MAD was present in
about 1/3 of MVP patients, mostly in MMVP and independent of MR severity. Enlarged
mitral-annulus and basal LV diameters, nonsustain ventricular tachycardia and papillary
muscle fibrosis were associated with MAD presence. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:1725−1730)
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Degenerative mitral regurgitation (MR), defined as
prolapse of at least one leaflet, is one of the most prevalent
valvular disease requiring surgery in Europe.1−3 Any
abnormality of the mitral valve components including leaf-
lets, mitral annulus (MA), subvalvular apparatus, left ven-
tricle (LV), and left atrium (LA), may lead to mitral valve
dysfunction.4 Mitral annulus disjunction (MAD) is charac-
terized by a detachment of the roots of MA from the LV
myocardium, leading to a separation between the atrial wall
mitral junction and LV free wall. MAD is mostly associated
with myxomatous mitral valve prolapse (MMVP) but is
also found in fibroelastic disease (FED),5−7 though most
studies excluded non-MMVP patients. Recent data suggest
that MAD could be associated to LV morphological and
functional remodeling including myocardial hypertrophy or
fibrosis, which could be the substrate of ventricular arrhyth-
mias and sudden cardiac death. Echocardiography is the
first-line imaging method but shows several limitations
such as misalignment or insufficient image quality. Recent
echocardiographic studies reported conflicting results on
prevalence, consequences, and significance of MAD. Car-
diac magnetic resonance (CMR) provides unique morpho-
logical information and is considered a gold standard for
cardiac chamber quantification. Thus, the aim of this study
using CMR was to assess the frequency of MAD and its
consequences on LV morphology in MVP patients.
Methods

The study was conducted at the Monaco Heart center,
Monaco. We, retrospectively evaluated 89 patients with
echocardiographic diagnosis of MVP, consecutively
referred for CMR assessment of MR, over a 24-months
period. Exclusion criteria were more than mild aortic steno-
sis, aortic regurgitation or mitral stenosis, intracardiac
shunt, and standard contraindications to CMR. Institutional
review board approval was obtained before conducting the
study. The study was conducted in accordance with institu-
tional policies, national legislation, and the revised Helsinki
declaration. MVP etiology was either MMVP (n = 40) or
FED (n = 49). MMVP and FED were defined according to
current description.8 Bileaflet prolapse was defined as the
prolapse of the anterior and the posterior MV leaflet, by
opposition to the prolapse of the posterior MV leaflet only.9

All patients underwent a comprehensive CMR study.
Patients were imaged with a 3-Tesla Siemens Skyra scanner
(Siemens; Erlangen, Germany), 18 channels body flex coils
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Figure 1. Cardiac magnetic resonance measures in patients with mitral valve prolapse. (A) On 3-chamber view long-axis views, length of MAD was mea-

sured from the left atrium-posterior mitral valve leaflet junction to the top of the LV wall during in end-systole, and (B) LV wall thickness was measured dur-

ing end-diastole at base and mid-ventricular segment posterior wall.
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and 45 mT/m gradients. Assessment of cardiac function was
performed with a cine steady-state free precession pulse
sequence, with retrospective gating, in end-expiration
breath-hold. The following projections were acquired: 2-
chamber, 4-chamber, parallel contiguous short axis (to
cover the entire LV from the mitral plane to the apex). On
the cine images, LV ejection fraction, LV mass, end-dia-
stolic, and end-systolic volumes were calculated using the
standard formula. Data were analyzed by dedicated soft-
ware Circle CVI 42 (version 5.1 Circle Cardiovascular
Imaging, Calgary, Canada). Aortic phase contrast was per-
formed 10 mm above the tip of the aortic valve perpendicu-
lar to the aorta. Aortic outflow volume was derived from
quantitative flow measurements. Regurgitant volume was
calculated as the difference between LV total stroke volume
obtained from CMR acquisition and aortic forward flow
volume (obtained from phase contrast analysis). Gadolin-
ium administration and delayed enhancement were used
according to the standard protocol. Briefly, late gadolinium
enhancement images were acquired using a high-resolution
3 dimensional electrocardiographic−gated free breathing,
respiratory navigator gated inversion recovery spoiled gra-
dient echo sequence in the short-axis orientation 20 minutes
after intravenous administration of 0.1 mmol/kg Gadobutrol
(Gadovist). MAD was defined as a separation between the
LA-valve junction and the atrial aspect of the LV posterior
free wall. Patients were classified in 2 groups according to
presence (MAD+) or absence of MAD (MAD�). As previ-
ously described,10−12 the length of MAD was measured
from the LA-posterior MV leaflet junction to the top of the
LV wall during, from the long axis views in end-systole
(Figure 1). The upper limit of MAD was defined at the level
of P2 scallop insertion of the LA wall, whereas the lower
limit was defined at the level of LA connection with LV
myocardium. The prolapse distance was measured as the
maximum prolapse distance during peak systole beyond the
MA. Curling was defined as an unusual systolic motion of
the posterior mitral ring on the adjacent myocardium.
When present, a quantitative assessment was provided, by
tracing a line between the top of LV wall and the LA wall-
posterior MV leaflet junction, and from this line a perpen-
dicular line to the lower limit of the MA was traced and
expressed in millimeters (Figure 1). Severe curling was
defined as a curling ≥3.5 mm, as previously described.12

LV mid-systolic diameter was measured at base, mid and
apex, in 4-chamber view and 2-chamber view. LV wall
thickness was measured during end-diastole at base and
mid-ventricular segment of septal, lateral, inferior, anterior,
posterior, and anteroseptal wall (Figure 1). The ratio of LV
basal to mid-ventricular wall thickness ≥1.5 was used as a
surrogate of basal LV hypertrophy.12 Mitral annular diame-
ter was measured during end-diastole and end-systole in 2-
chamber view. Paradoxical systolic annulus expansion was
defined as a positive difference of end-systolic diameter
minus end-diastolic diameter. Atrial fibrillation and ventric-
ular arrhythmias were diagnosed by the cardiologist in
charge of the patient (by 12 lead-electrocardiogram, 24-
hour Holter monitoring or exercise stress test) or during
hospital stay where electrocardiogram was continuously
monitored and recorded. Ventricular arrhythmia was
defined by the presence of more than 3 consecutive ectopic
ventricular beats. Data for study population and CMR
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measurements are presented as number (percent) or mean§
standard deviation after testing for normal distribution
(Kolmogorov-Smirnov test). Unpaired continuous variables
were compared using the Student’s test or Wilcoxon’s
rank-sum test. Comparison of categorical variables was per-
formed with a Chi-square test of Fisher’s exact test. All
covariates associated with the presence of MAD on univari-
ate were included in a multivariable logistic regression
model to determine variables independently associated with
MAD. These covariates were age, MMVP, bileaflet MVP,
MA systolic diameter, and MR severity. Agreement for the
presence of MAD between CMR and transthoracic echocar-
diography (TTE) was assessed using the weighted Kappa
statistic in a subgroup of 80 patients who underwent a com-
prehensive TTE and CMR study within 48 hours in our
institution. All statistical analyses were performed using
commercially available software (MedCalc, version 16.8,
Mariakerke, Belgium). All p values are the results of 2-
tailed tests. A value of p <0.05 was considered significant.
Results

Eighty-nine patients (63 women; mean age 64 § 13)
with MVP were consecutively referred for CMR assessment
of MR. Baseline demographic and clinical characteristics of
the 89 patients are displayed in Table 1. MAD was diag-
nosed in 35% (31 of 89) of MVP patients, measuring 8 §
4 mm [2 to 16 mm]. A typical curling motion (mean length
4 § 4 mm) was found in 64%, considered severe (≥3.5
mm) in 75%. MAD was more frequent in MMVP than in
FED (60% vs 14%; p <0.0001). Ventricular arrhythmia
was significantly more frequent in MAD + patients (29% vs
10%, p = 0.037) and in MMVP than in FED (87% vs 13%).
MAD was longer in patients with ventricular arrhythmias
(5 § 5 mm vs 2 § 4 mm; p = 0.038) and in bileaflet MVP
Table 1

Characteristics of the study population and comparison between patients with (MA

Variables Overall population

N = 89

Baseline characteristics

Age (years) 64 § 13

Women 63 (71%)

Body surface area (m2) 1.8 § 0.2

Asymptomatic 52 (58%)

Myxomatous mitral valve disease 40 (45)

Coronary artery disease 9 (10%)

Ventricular arrhythmias 15 (17%)

Atrial fibrillation 20 (23%)

Mitral regurgitation CMR quantification

Mitral regurgitation severity

Grade I/ II 34 (38%)

Grade III/ IV 55 (62%)

Regurgitant volume, ml/beat 53 § 27

Regurgitation fraction (%) 40 § 16

Mitral valve prolapse characteristics

Posterior mitral valve prolapse 37 (42%)

Bileaflet mitral valve prolapse 28 (31%)

Prolapse distance (mm)

Anterior leaflet 1.9 § 3.4

Posterior leaflet 3.3 § 4.5
(9 § 4 mm vs 7 § 2 mm; p = 0.018). None of the patients
had history of sustained ventricular tachycardia nor resusci-
tated sudden cardiac death. Incidence of atrial fibrillation
was similar between groups. Diagnostic accuracy of TTE
for the detection of MAD was fair (65% sensitivity, 96%
specificity, 88% positive predictive value, and 87% nega-
tive predictive value) with CMR as reference. Most of the
discordances were false-negative classifications of TTE (8
of 23). MAD length was similar using either TTE or CMR
(8 § 3 mm vs 8§ 5 mm, respectively; p = 0.89). On univar-
iate analysis, presence of MAD was associated with MMVP
(p <0.0001), Bileaflet prolapse (p <0.0001), and nonsevere
MR (p = 0.023). Patients with MAD tended to be younger
(p = 0.08). Left chambers size was similar between groups
(p = 0.86 and p = 0.88) (Table 2). LV ejection fraction was
significantly lower in MAD+ patients (p = 0.044). Prolapse
distance on the posterior leaflet was significantly higher in
presence of MAD (6.9 § 4.8 vs 1.4 § 2.9 mm; p = 0.0001).
MR regurgitant volume was similar between groups (47 §
32 vs 56 § 23 ml/beat, p = 0.141). A majority of MAD+
patients (55%; 17/31) had nonsevere MR and were more
frequently asymptomatic. In the 34 patients who had nonse-
vere MR (≤ grade 2), MAD was present in 17 (50%),
mostly in MMVP (14; 82%). Length of MAD tended to be
higher in severe MR than in nonsevere MR (3.8 § 4.5 vs
2.3 § 4.3 mm; p = 0.13). In the 55 patients with severe MR,
LV ejection fraction was comparable in both groups (66 §
6% vs 66 § 6%; p = 0.94). MA was significantly enlarged
in MAD+ in both end-systole (p <0.0001) and end-diastole
(p = 0.004). Significant paradoxical systolic annulus expan-
sion tended to be more frequent in MAD+ (Table 3).
Though LV volumes were similar in both groups, basal and
mid LV 4-chamber diameters were significantly enlarged in
MAD+ patients (p = 0.014 and p = 0.044, respectively). In
MAD+ patients, a significant but weak correlation was
D+) and without mitral annulus disjunction (MAD�)

MAD+ MAD� p Value

N = 58 N = 31

65 § 11 60 § 15 0.082

44 (76%) 19 (61%) 0.221

1.8 § 0.2 1.8 § 0.2 0.466

29 (50%) 23 (74%) 0.042

16 (28) 24 (74) 0.000

9 (16%) 0 (0%) 0.024

6 (10) 9 (29%) 0.037

14 (24%) 6 (19%) 0.791

17 (29%) 17 (55%) 0.023

41 (71%) 14 (45%)

56 § 23 47 § 32 0.141

42 § 13 36 § 19 0.087

12 (21%) 25 (81%) <0.001
9 (15%) 19 (61%) <0.001

0.9 § 2.5 3.7 § 4.1 0.001

1.4 § 2.9 6.9 § 4.8 <0.001



Table 2

Cardiac magnetic resonance (CMR) morphological parameters in the study population and comparison between patients with (MAD+) and without mitral

annulus disjunction (MAD�)

Variables Overall population MAD + MAD - p Value

n = 89 n = 58 n = 31

Left ventricular CMR morphological parameters

Left Ventricular End-diastolic volume index, ml/m2 107 § 24 107 § 25 107 § 24 0.882

Left Ventricular End-systolic volume index, ml/m2 37 § 13 36 § 13 39 § 12 0.310

Left Ventricular EF, n (%) 66 § 7 67 § 7 64 § 7 0.044

Left Ventricular mass, g/m2 85 § 17 87 § 16 83 § 18 0.303

Left Atrial volume index, ml/m2 82 § 28 83 § 26 82 § 33 0.856

Left Ventricular mid-systolic diameter, mm

Basal 4-chamber diameter 38.3 § 8 36.7 § 7.2 41.3 § 8.7 0.014

Mid-ventricular 4-chamber diameter 34.2 § 8.7 33.1 § 9.7 36.4 § 5.8 0.044

Apical 4-chamber diameter 23.5 § 6.5 22.5 § 6.6 25.3 § 5.9 0.907

Basal 2-chamber diameter 38.4 § 7.9 37.5 § 7.8 4.1 § 8 0.537

Mid-ventricular 2-chamber diameter 35.6 § 8.9 34.2 § 9.1 38.3 § 7.9 0.556

Apical 2-chamber diameter 26.7 § 6.6 25.6 § 6.8 28.9 § 5.7 0.369

Left ventricular end-diastolic wall thickness, mm

Septal wall

Basal segment 10 § 3 10 § 3.1 10 § 3 0.744

Mid segment 8 § 2.1 8 § 2.2 7 § 1.9 0.096

Ratio mid/basal wall thickness 1.4 § 0.8 1.3 § 0.3 1.6 § 1.3 0.154

Ratio ≥1.5 30 (33%) 15 (26%) 15 (48%) 0.038

Lateral wall

Basal segment 10 § 2.7 10 § 2.5 11 § 2.8 0.063

Mid segment 7 § 2 7 § 2.2 6 § 1.5 0.260

Ratio mid/basal wall thickness 1.5 § 0.5 1.4 § 0.5 1.7 § 0.5 0.020

Ratio ≥1.5 43 (48%) 23 (40%) 20 (65%) 0.029

Inferior wall

Basal segment 9 § 2.2 9 § 2.3 9 § 2 0.523

Mid segment 7 § 1.6 7 § 1.6 7 § 1,5 0.204

Ratio mid/basal wall thickness 1.3 § 0.3 1.3 § 0.3 1.4 § 0.4 0.050

Ratio ≥1.5 31 (35%) 18 (31%) 13 (42%) 0.354

Gadolinium

Gadolinium injection 26 (29%) 16 (28%) 10 (32%) 0.635

Late gadolinium enhancement 11 (12%) 5 (9%) 6 (19%) 0.181

In papillary muscle 6 (7%) 1 (2%) 5 (16%) 0.018

In myocardium 5 (6%) 4 (7%) 1 (3%) 0.654
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found between length of MAD and LV basal 4C systolic
diameter (r = 0.44; p = 0.01; Figure 2). Presence of MAD
was associated with a significantly increased ratio of basal
to mid-ventricular wall thickness only in the lateral wall
(Table 2). A ratio ≥1.5 used as a surrogate of basal LV
hypertrophy14 was more prevalent in MAD+ patients in the
septal (p = 0.04) and lateral walls (p = 0.03). Similar results
were found in the subgroup of MAD + patients with MMVP
(n = 24), excluding MAD+ patients with FED. In the 11 of
26 patients (42%) with late gadolinium enhancement, pres-
ence of LV fibrosis at the level of papillary muscle (PM)
was more frequent in case of MAD as 83% (5 of 6) of the
Table 3

Mitral annulus characteristics in the study population and comparison between pa

Variables Overall population

n = 89

End-diastolic diameter, (mm) 45.3 § 4.9

End-systolic diameter, (mm) 45.4 § 5.7

Diastolic to systolic diameter difference, (mm) 0.12 § 3.30

Paradoxical systolic annulus expansion 43 (48%)
patients with PM fibrosis had MAD. After adjustment on
age and MR severity, MMVP (hazard ratio 5.04; 95% confi-
dence interval [1.66 to 15.31], p = 0.004) and end-systolic
MA diameter (hazard ratio 1.17; 95% confidence interval
[1.05 to 1.30], p = 0.005) were independently associated
with the presence of MAD.
Discussion

Our study using 3-Tesla CMR shows that MAD was
present in about 1/3 of MVP patients, more frequently in
MMVP than in FED, independently of MR severity.
tients with (MAD+) and without mitral annulus disjunction (MAD�)

MAD�
n = 58

MAD +

n = 31

p Value

44.1 § 4.3 47.5 § 5.4 0.004

43.8 § 4.9 48.5 § 5.8 <0.0001
-0.33 § 3.16 0.97 § 3.45 0.08

24 (41%) 19 (61%) 0.081

www.ajconline.org


Figure 2. Relation between length of mitral annulus disjunction (MAD) and left ventricular (LV) midsystolic basal 4 chamber diameter. A positive correla-

tion was found between the length of MAD expressed in millimeters and the LV midsystolic basal diameter, expressed in millimeters.
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Enlarged MA and basal LV diameters, ventricular arrhyth-
mias and papillary muscle fibrosis were associated with the
presence of MAD. Comprehensive CMR study of MVP
should include a careful description of MAD, alongside
with other risk factors of ventricular arrhythmia such as
focal fibrosis, irrespectively of MR severity.

Prevalence of MAD in the general population ranges from
7%5 to 9%.13 Initial reports found a prevalence of MAD of
92% in MVP, suggesting that MAD was specifically associ-
ated with MVP.5 More recent studies reported lower preva-
lence of MAD in MVP, ranging from 28% using TTE13 to
42% in 3D transesophageal echocardiography.14 Our CMR
findings are consistent with previous echocardiographic data
showing a prevalence of MAD in MVP of 35%. Moreover,
we report that diagnostic performance of TTE might not be
optimal for the detection of MAD compared with CMR.
Konda et al13 reported that MAD could exist in the absence of
MVP. However, MAD appears to be more frequently found
in MMVP (from 44% to 98%3,11,13), with highest incidence
of MAD in advanced MVP, defined as increased valve thick-
ness, volume of both leaflets, valve mobility, and MA dilata-
tion. By CMR examination, our study confirms a higher
prevalence of MAD in MMVP than in FED (60% vs 14%).
By TTE11,13 as transesophageal echocardiography15 examina-
tion, presence of MAD was not associated with the severity
of MR. The present study confirms the absence of correlation
between MAD and MR severity assessed by CMR which is
considered superior to TTE in assessing MR severity.15 Some
authors believe that assessment of MAD length obtained by
different imaging modalities are not interchangeable and
should be compared and interpreted with caution.16 CMR
assessment of MAD may be the preferred imaging method,
offering unique spatial resolution and reproducibility. In pre-
vious echocardiographic studies,11,13,14 MAD length ranged
from 8 to 10 mm. Our study reports similar values between
CMR and TTE. In some patients, MVP may present with ven-
tricular arrhythmias and sudden cardiac death, even in the
absence of significant MR. The relation between MAD and
ventricular arrhythmias was suspected recently,11 with an
increased frequency of ventricular extra beats and nonsustain
ventricular tachycardia in the presence of MAD detected in
echocardiography. A CMR study17 confirmed that MAD
should be considered as an arrhythmogenic entity, irrespec-
tive of the presence of MVP or MR. Similarly, we found a sig-
nificantly increased incidence of ventricular arrhythmias in
MAD patients (29% vs 10%), predominantly in MMVP. Inci-
dence of ventricular arrhythmias also increased with MAD
length, with a proposed cut-off value of 8.5 mm to predict the
risk of ventricular arrhythmias with a sensitivity of 67% and
specificity of 83%.11 In our series, all our patients with ven-
tricular arrhythmias had a MAD length ≥5 mm. Arrhythmic
MVP was recently described and is characterized by myxo-
matous leaflets and left ventricular fibrosis. Recently, Hour-
dain et al18 added that “severe myxomatous MVP,”
combining MMVP with thickened leaflet, bileaflet prolapse,
and MAD, was associated with increased risk of sudden
death. Using CMR, Perazzolo et al12 showed that MAD was a
common feature in arrhythmic MVP. In such patients, fibrosis
is mostly located close to the annulus in the basal LV wall12

(PM and inferior wall). In our study, most of the patients with
PM fibrosis (83%) had MAD. The hypothesis is that excessive
mobility of the leaflet caused by posterior systolic curling
might create a mechanical stretch of the inferobasal wall and
PM, eventually leading to myocardial hypertrophy and scar-
ring.12 Electrophysiologic studies comfort this hypothesis, as
the presence of PM fibrosis on CMR was found to be associ-
ated with the papillary origin of ventricular arrhythmias in
patients with MVP.19 Arrhythmic MVP patients showed rela-
tive hypertrophy of the inferobasal wall compared with the
adjacent mid portion.12 We found an excessive wall thicken-
ing specifically located at the basal posterior and septal wall,
which could be potential substrates for ventricular remodeling
and consequent electric instability.16 In patients with MVP, a
reduced LV contraction, especially in its base, has been
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reported by angiographic studies.20 Basal LV dilatation may
cause greater systolic wall tension in the LV base compared
with the middle and apical segments by Laplace’s law, which
may lead to regionally attenuated contraction in the LV
base.21 MVP patients, in particular bileaflet and MMVP, have
prominent MA dilatation with only modest LV dilatation.21

Using TTE, MA dilatation appeared to be correlated to basal
predominance of LV dilatation leading to basal-reduced LV
contraction.21 Our study confirms, using CMR, that basal and
mid LV 4-chamber diameters are enlarged in patients with
MAD. Thus, life-threatening arrhythmic MVP combines sev-
eral markers of risk that can be obtained on CMR, such as
MV characteristics (thickness, MMVP, and bileaflet pro-
lapse), description of MAD (presence, extension, and length)
and LV remodeling and fibrosis (location, extension).

The present study was performed using CMR. This
technique requires expertise and CMR suffers several
limitations such as limited availability, local expertise or
the presence of cardiac pacemakers and implantable
cardioverter-defibrillators. Another limitation is cardiac
arrhythmia. Nevertheless, sufficient image quality was
obtained in patients with atrial fibrillation and controlled
heart rate. Gadolinium injection was not performed system-
atically and complete CMR with injected gadolinium con-
trast enhancement was performed only in 29% of the
patients included. This study was performed retrospectively
and conducted in a single surgical center.
Disclosures

The authors have no conflicts of interest to disclose.

1. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enri-
quez-Sarano M. Burden of valvular heart diseases: a population-based
study. Lancet 2006;368:1005–1011.

2. Delling FN, Rong J, Larson MG, Lehman B, Osypiuk E, Stantchev P,
Slaugenhaupt SA, Benjamin EJ, Levine RA, Vasan RS. Familial clus-
tering of mitral valve prolapse in the community. Circulation
2015;131:263–268.

3. Enriquez-Sarano M, Akins CW, Vahanian A. Mitral regurgitation.
Lancet 2009;373:1382–1394.

4. Debonnaire P, Palmen M, Marsan NA, Delgado V. Contemporary
imaging of normal mitral valve anatomy and function. Curr Opin Car-
diol 2012;27:455–464.

5. Hutchins GM, Moore GW, Skoog DK. The association of floppy
mitral valve with disjunction of the mitral annulus fibrosus. N Engl J
Med 1986;314:535–540.

6. Angelini A, Ho SY, Anderson RH, Davies MJ, Becker AE. A histo-
logical study of the atrioventricular junction in hearts with normal
and prolapsed leaflets of the mitral valve. Br Heart J 1988;59:712–
716.

7. Angelini A, Ho SY, Anderson RH, Becker AE, Davies MJ. Disjunc-
tion of the mitral annulus in floppy mitral valve. N Engl J Med
1988;318:188–189.

8. Adams DH, Rosenhek R, Falk V. Degenerative mitral valve regurgita-
tion: best practice revolution. Eur Heart J 2010;31:1958–1966.

9. Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr., Faxon DP,
Freed MD, Gaasch WH, Lytle BW, Nishimura RA, O’Gara PT,
O’Rourke RA, Otto CM, Shah PM, Shanewise JS, American College
of Cardiology/American Heart Association Task Force on Practice G.
2008 focused update incorporated into the ACC/AHA 2006 guidelines
for the management of patients with valvular heart disease: a report of
the American College of Cardiology/American Heart Association task
force on practice guidelines (writing committee to revise the 1998
guidelines for the management of patients with valvular heart disease).
Endorsed by the Society of Cardiovascular Anesthesiologists, Society
for Cardiovascular Angiography and Interventions, and Society of
Thoracic Surgeons. J Am Coll Cardiol 2008;52:e1–e142.

10. Eriksson MJ, Bitkover CY, Omran AS, David TE, Ivanov J, Ali MJ,
Woo A, Siu SC, Rakowski H. Mitral annular disjunction in advanced
myxomatous mitral valve disease: echocardiographic detection and
surgical correction. J Am Soc Echocardiogr 2005;18:1014–1022.

11. Carmo P, Andrade MJ, Aguiar C, Rodrigues R, Gouveia R, Silva JA.
Mitral annular disjunction in myxomatous mitral valve disease: a rele-
vant abnormality recognizable by transthoracic echocardiography.
Cardiovasc Ultrasound 2010;8:53.

12. Perazzolo Marra M, Basso C, De Lazzari M, Rizzo S, Cipriani A,
Giorgi B, Lacognata C, Rigato I, Migliore F, Pilichou K, Cacciavillani
L, Bertaglia E, Frigo AC, Bauce B, Corrado D, Thiene G, Iliceto S.
Morphofunctional abnormalities of mitral annulus and arrhythmic
mitral valve prolapse. Circ Cardiovasc Imaging 2016;9:e005030.

13. Konda T, Tani T, Suganuma N, Nakamura H, Sumida T, Fujii Y,
Kawai J, Kitai T, Kim K, Kaji S, Furukawa Y. The analysis of mitral
annular disjunction detected by echocardiography and comparison
with previously reported pathological data. J Echocardiogr
2017;15:176–185.

14. Lee AP, Jin CN, Fan Y, Wong RHL, Underwood MJ, Wan S. Func-
tional implication of mitral annular disjunction in mitral valve pro-
lapse: a quantitative dynamic 3d echocardiographic study. JACC
Cardiovasc Imaging 2017;10:1424–1433.

15. Uretsky S, Gillam L, Lang R, Chaudhry FA, Argulian E, Supariwala
A, Gurram S, Jain K, Subero M, Jang JJ, Cohen R, Wolff SD. Discor-
dance between echocardiography and mri in the assessment of mitral
regurgitation severity: a prospective multicenter trial. J Am Coll Car-
diol 2015;65:1078–1088.

16. Lancellotti P, Garbi M. Malignant mitral valve prolapse: substrates to
ventricular remodeling and arrhythmias. Circ Cardiovasc Imaging
2016;9:e005248.

17. Dejgaard LA, Skjolsvik ET, Lie OH, Ribe M, Stokke MK, Hegbom F,
Scheirlynck ES, Gjertsen E, Andresen K, Helle-Valle TM, Hopp E,
Edvardsen T, Haugaa KH. The mitral annulus disjunction arrhythmic
syndrome. J Am Coll Cardiol 2018;72:1600–1609.

18. Hourdain J, Clavel MA, Deharo JC, Asirvatham S, Avierinos JF,
Habib G, Franceschi F, Probst V, Sadoul N, Martins R, Leclercq C,
Chauvin M, Pasquie JL, Maury P, Laurent G, Ackerman M, Hodge
DO, Enriquez-Sarano M. Common phenotype in patients with mitral
valve prolapse who experienced sudden cardiac death. Circulation
2018;138:1067–1069.

19. Fulton BL, Liang JJ, Enriquez A, Garcia FC, Supple GE, Riley MP,
Schaller RD, Dixit S, Callans DJ, Marchlinski FE, Han Y. Imaging
characteristics of papillary muscle site of origin of ventricular arrhyth-
mias in patients with mitral valve prolapse. J Cardiovasc Electrophy-
siol 2018;29:146–153.

20. Scampardonis G, Yang SS, Maranhao V, Goldberg H, Gooch AS. Left
ventricular abnormalities in prolapsed mitral leaflet syndrome. Review
of eighty-seven cases. Circulation 1973;48:287–297.

21. Fukuda S, Song JK, Mahara K, Kuwaki H, Jang JY, Takeuchi M,
Sun BJ, Kim YJ, Miyamoto T, Oginosawa Y, Sonoda S, Eto M,
Nishimura Y, Takanashi S, Levine RA, Otsuji Y. Basal left ven-
tricular dilatation and reduced contraction in patients with mitral
valve prolapse can be secondary to annular dilatation: preoperative
and postoperative speckle-tracking echocardiographic study on left
ventricle and mitral valve annulus interaction. Circ Cardiovasc
Imaging 2016;9:e005113.

http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0001
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0002
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0003
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0004
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0005
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0006
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0007
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0008
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0009
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0010
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0011
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0012
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0013
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0014
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0015
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0016
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0017
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0018
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0019
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0020
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
http://refhub.elsevier.com/S0002-9149(19)31017-3/sbref0021
www.ajconline.org

	Usefulness of 3-Tesla Cardiac Magnetic Resonance to Detect Mitral Annular Disjunction in Patients With Mitral Valve Prolapse
	Methods
	Results
	Discussion
	Disclosures


