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ABSTRACT 

Objective: To determine the prevalence of Echocardiographically-recognizable Mitral Annular Disjunction in patients of 
Myxomatous Mitral Valve Disease/Mitral Leaflet Prolapse. 
Study design: Analytical Cross sectional . 
Place & Duration of study: Armed Forces Institute of Cardiology/National Institute of Heart Diseases (AFIC/NIHD), 
Rawalpindi Pakistan from Jul 2021 to Sep 2021. 
Methodology: A total (n=45) diagnosed patients of Myxomatous Mitral Valve disease, were included through non-probability 
consecutive sampling. Mitral Annular Disjunction (MAD) was assessed by 2D TTE imaging as the distance between the point 
of insertion of the posterior leaflet into the left atrial wall (upper boundary of the disjunction) and the link between the left 
atrium and the left ventricle myocardium (lower border of the disjunction)at end-systole in parasternal long axis view. A 
distance equal to or greater than 2mm was used as a threshold for diagnosing the presence of MAD. The data analysis was 
done with the help of  computer software programme SPSS version 24. 
Results: Total number of patients were 45 patients with males being 32 (71.11%) while females being 13 (28.88%), with a mean 
age of 30.24 + 5.21 years. MAD was present in 26 (57.8%) of the patients with mean length of 2.88mm + 2.77 mm. Patients with 
MAD had more chest pain, palpitations and dyspnoea than those without MAD. Mitral regurgitation was more severe in 
patients with MAD than without. The MAD severity correlated with the presence of Non Sustained Ventricular Tachycardia.  
Conclusion: MAD is not an uncommon finding in patients having myxomatous mitral valve disease/mitral valve prolapse. 
The causal relationship between Mitral Valve Prolapse, Mitral Annular Disjunction and Mitral Regurgitation is not fully 
known but it is apparent that MAD in these patients is associated with clinical implications such as chest pain, dyspnea, 
palpitations and increased incidence of arrhythmias like Atrial fibrillation and Non-Sustanined Ventricular Tachycardia 
(NSVT). 
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INTRODUCTION 

Mitral annulus disjunction (MAD) is a clinically 
significant disease characterised by aberrant atrial 
displacement of the mitral valve's leaflet hinge point 
and it is easily detectable on echocardiography but 
often overlooked. Association of MAD has been found 
with mitral valve prolapse and myxomatous mitral 
valve.1 Various morphological changes encompassing 
various components are involved in myxomatous 
mitral valve  (MMV) which ultimately lead to the 
mitral valve (MV) functional impairment. MAD was 
initially described in the 1970s a shift in the mitral 
valve's hinge point-atrial wall away from  left 
ventricular wall into the left atrium during systole. 

During systole, the mitral annulus/left atrial wall 
separates from the base of the inferolateral left 
ventricular myocardium.2 

The MV annulus is a three-dimensional (3D) 
saddle-shaped structure with a complex three-dimen-
sional (3D) structure. The mitral annulus has distinct 
roles. It electrically separates the left atrium from the 
ventricle, binds the mitral leaflets to the atrioven-
tricular junction, and connects the left atrium to the 
ventricular myocardium. The annulus roots are 
separated from the ventricular myocardium, to which 
they would typically be linked, in mitral annular 
disjunction (MAD).3 The diagnosis cannot be achieved 
in diastole because the ventricular myocardium is 
properly positioned under the annulus. As the postero-
lateral myocardium contracts during systole, the 
annulus "slides" and separates from the ventricular 
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myocardium by a variable distance, ranging from a 
few millimetres to more than a centimeter.4 The 
movement of MV annulus is located near the LV apex 
in systole and near the LA in diastole. During early 
systole mitral valve annulus contracts and assumes a 
deep saddle shape. Both of these factors are important 
in maintaining MV integrity when the LV contraction 
is in its early stages.5 These mitral annulus motions are 
necessary for an equal and uniform distribution of 
mechanical load on the MV by the myocardium. MAD 
results in functional decoupling of annulus from the 
LV, and the movement of annulus is corresponding to 
the LA instead of LV throughout the cardiac cycle,6 
Thus, instead of contraction and saddle shape, it ex-
pands and assumes a more flattened shape in systole. 
This flattened MV annulus results in exccess load on 
the chordae tendinae and mitral leaflets, leading to 
accelerated degenerative process. Thus MAD results in 
MV annulus in being hypermobile, further contribu-
ting to the myxomatous mitral leaflets' degeneration.7,8 

MAD has been linked to atrial and ventricular 
arrhythmias, as well as abrupt cardiac mortality, accor-
ding to new research (SCD)  both in the presence and 
absence of MVP.9 However, most of the patients with 
MVP have a relatively benign course with some having 
a higher risk of complications. There is a significant 
correlation between severity of MAD and the detection 
of NSVT on Holter monitoring. In one study a 
disjunction distance >8.5 mm was highly predictive for 
NSVT.10 The disjunction of mitral annulus poses 
mechanical stress on the mitral leaflets, and the chor-
dae, and the papillary muscles, and this in turn leads 
to fibrosis in the long run, serving as a trigger for 
ventricular arrhythmias. Myocardial fibrosis is one of 
the independent factors that is associated with adverse 
clinical outcomes in these patients. Larger the disjunc-
tion distance, higher is the prevalence of SCD in these 
patients with  LV fibrosis and MVP.11 

Carmo et al. examined patients with MMVD and 
MVP by TTE and found a prevalence of MAD to be 
55%, 9 Prevalence in women seem to be higher than 
men.12 The rate of identification of MAD in studies of 
MMVD patients was 50.8 percent, and 32.6 percent 
among patients with MVP, according to a meta-
analysis of pooled data of MAD detection rates by 
using several imaging modalities.13 

Little attention has been paid to Mitral annulus 
disjunction, and the clinical profile of these patients 
and echocardiographic characteristics are by and large 
unknown. While MAD is associated with mitral valve 

prolapse (MVP) and myxomatous mitral valve disease, 
it is unknown which patients with MAD are at higher 
risk and which additional imaging features may help 
identify them. 

METHODOLOGY 

On parasternal long axis view using standard 
transthoracic echocardiography, myxomatous mitral 
valve was defined as the presence of extra leaflet tissue 
and leaflet thickening greater than 5 mm resulting in a 
prolapse greater than 2 mm into the left atrium. Mitral 
Valve Prolapse was defined as superior displacement 
of one or both the mitral leaflets above the mitral 
annulus into the left atrium by at least 2 mm in the 
parasternal long-axis view.  

A cross-sectional study was carried out  from July 
2021 to December 2021 at tertiary cardiac care institute.  

Sample Size: Using expected prevalence of MAD 
55%,8 and  prevalence of MLP  3%, the  sample size of 
n=45 patients was calculated. 

Inclusion Criteria: 45 diagnosed patients of Mitral 
Valve Prolapse aged more than 18 years of both gen-
ders  were included via non-probability consecutive 
sampling.  

Exclusion Criteria: Patients with active or previous 
history of Infective Endocarditis were excluded from 
the study. 

After seeking ethical approval from IERB AFIC/ 
NIHD (IERB Letter#27/6/R&D/2022/105), patients 
were selected according to inclusion. Informed consent 
was obtained from the study participants after intro-
ducing them to the study and its objectives. Patients 
were examined for the presence of MAD by 2D Tran-
sthoracic echo (2DTTE) in the echo department of 
AFIC. Name, age, hospital ID number and all the    
echo parameters were entered in the self-structured 
Performa. 

Data was entered in SPSS version 24. For quali-
tative factors, frequencies and percentages were deter-
mined, like gender and clinical parameters including 
CAD, chest pain, palpitations, syncope and atrial 
fibrillation. Stratification was done with regards to 
presence or absence of MAD and its effect on clinical 
and echocardiographic parameters  by applying Chi-
square test . A p-value ≤0.05 was considered significant 
by taking 95% CI and 5% margin of error. 

RESULTS 

45 patients were included. Baseline clinical 
characteristics of the patients are depicted in Table-I. 
Following results were found. Most of the patients 



MMiittrraall  LLeeaafflleett  PPrroollaappssee::  PPrreevvaalleennccee 

Pak Armed Forces Med J 2022; 72 (Suppl-3): S452 

were symptomatic with a NYHA Class-I of 11(24.47%). 
30 (66.7%) patients had NYHA Class-II and 4 (8.9%) 
patients had NYHA Class-III symptoms. 23 (51.1%) 
patients had mild MR, 6 (3.3%) patients had moderate 
MR and 4 (8.9%) patients had severe MR. 2 patients 
had undergone a mitral valve repair as shown in 
Table-I. 

 
Table-I: Frequency and Percentages of Baseline 
Characteristics (n=45) 

Variables Frequency (%) 

Gender  
Male  32(71.1%) 

Female  13(28.9%) 

CAD 
Yes 3(6.7%) 

No 13(28.9%) 

Chronic AF 
Yes  21(46.67%) 

No 24(53.33%) 

NSVT 
Yes  4(8.9%) 

No  41(91.1%) 

CVA 
Yes  2(4.4%) 

No  43(95.6%) 

Symptomatic 
Yes  34(75.6%) 

No  11(24.4%) 

Dyspnoea 
NYHA 

I 11(24.4%) 

II  30(66.7%) 

III 4(8.9%) 

Chest pain  
Yes 10(22.2%) 

No  35(77.8%) 

Palpitation  
Yes  18(40.0%) 

No  27(60.0%) 

Syncope  
Yes  5(11.1%) 

No  40(88.9%) 

MR  

No 12(26.7%) 

Mild 23(51.1%) 

Moderate 6(3.3%) 

Severe 4(8.9%) 

Mitral repair surgery  
Yes  2(4.4%) 

No  43(95.6%) 

Mitral repair & replacement  
Yes  2(4.4%) 

No  43(95.6%) 

MAD 
Yes  26(57.8%) 

No  19(42.2%) 

AF=Atrial fibrillation; CAD=Coronary artery disease; NSVT=Nonsustained 
ventricular tachycardia; CVA = Cerebrovascular accident; NYHA=Newyork 
heart association dyspnoea; MR=mitral regurgitation; MAD=Mitral annular 
disjunction 

MAD was present  in 26 (57.8%) patients and on 
average measured 2.8 ± 2.77 mm. Patient with most 
severe MAD had a length of disjunction of 8 mm. 
MAD was more common in males 18(69.23%) com-
pared to females 8(30.76%). Coronary artery 
disease(CAD) was more prevalent in patients with 
MAD 3(11%) .Atrial fibrillation(AF) was documented 
in 14(53.53%) of the  MAD patients and 7(36.84%) of 
the patients without MAD as shown in Table-II. Chest 

pain was present in 8(30%) of the patients with MAD 
and 2(10%) of the patients without MAD. Mitral regur-
gitation mean grade was 1.5 in patients with MAD and 
1.05 in patients without MAD. 

There was a high prevalence of palpitations in 
this population with 18(40%) patients experiencing 
them. Premature ventricular beats and non-sustained 
ventricular tachycardia (NSVT) were more commonly 
found on holter monitoring in mitral annular disjunc-
tion patients. 4 patients had an episode of NSVT on 
holter monitoring. All 4 had MAD. NSVT occurred 
with a frequency of 15.38% in patietns with MAD. 
Atrial fibrillation was documented in 21(46.7%) of the 
patients. 2 (4.4%) patients had a CVA. 

We were able to find an association between the 
presence of disjunction and Mitral regurgitation. 

Twenty three (51.11%) patients had grade 1 MR, 
14 (60.8%) of these had MAD. 6(13.33%) patients had 
grade 2 MR, 5 (83.3%) of these had MAD. Four (8.89%) 
patients had grade 3 MR, all 4 (100%)of these had MAD 

as shown in Table-II. 
 

Table-II: MAD Association with Gender, CAD, AF, Stroke, 
Symptomatic, Chest Pain, Palpitations, Syncope , NSVT & MR  

Variables 
MAD (n=45) 

 Yes No p-value 

Gender  
Male  18 14 

0.745 
Female  8 5 

CAD 
Yes 3 23 

0.183 
No 0 19 

Chronic AF 
Yes  14 7 

0.083 
No 12 12 

CVA 
Yes  1 25 

0.672 
No  1 18 

Symptomatic 
Yes  14 5 

0.536 
No  3 9 

Chest pain 
Yes  8 18 

0.104 
No  2 17 

Palpitations  
Yes  13 13 

0.109 
No  5 14 

Syncope  
Yes  3 23 

0.650 
No  2 17 

NSVT 
Yes  4 0 

0.126 
No  22 19 

MR  
(Grade) 

0 3 9 

0.20 
1 14 9 

2 5 1 

3 4 0 

AF=Atrial fibrillation; CAD=Coronary artery disease; NSVT= Nonsustained 
ventricular tachycardia; MR = Mitral regurgitation 

Patients with  MAD had a larger EROA 0.22±0.15 
cm2 compared to those without it. 0.22±0.15 cm2 (p-
value <0.003). Consequently due to effect of MAD on 
the severity of MR and EROA, patients with MAD had 
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larger end-diastolic diameter 44.0±9.46 mm and end-
diastolic volume 142.3±32.7 ml than those without it 
36.3±3.63 mm and 106.7±24.7 respectively as depicted 
in Table-III. 

 

Table-III: Echocardiographic Parameters ; with MAD and 
without MAD (n=45) 

Echo 
Parameters 

Mean±SD 
With  

 MAD 
Without 

MAD 
p- 

value 

EDD, mm 40.7±8.43 44.0 ± 9.46 36.3 ± 3.63 0.001 

EDV, ml 127.2±34.30 142.3 ± 32.7 106.7± 24.7 <0.001 

EF, % 58.5±4.47 57.5 ± 5.70 60.0 ± 0.0 0.35 

LA, mm 35.2±4.22 36.2  ± 5.17 33.94 ± 1.80 0.45 

PASP, mmHg 24.2±10.95 26.6 ± 12.9 21.0 ± 6.45 0.60 

EROA, cm2 0.16±0.15 0.22 ± 0.15 .08 ± 0.10 0.003 

MR - 1.38  ± .89 0.57  ± 0.60 0.002 

EDD=End diastolic diameter; EDV=End diastolic volume; EF = 
Ejection fraction; LA=Left atrial diameter; PASP= Pulmonary artery 
systolic pressure; EROA = Effective regurgitant orifice area; MR = 
mitral regurgitation. 
 

DISCUSSION 

Mitral annular disjunction is a common entity but 
little importance has been given to it in patients with 
Myxomatous mitral valve disease. MAD is seen with 
high prevalence in this population. In a meta-analysis 
of pooled data on MAD detection rates using several 
imaging modalities, researchers found that, the rate     
of detection of MAD in studies of MMVD patients    
was 50.8%.13 Our study found a prevalence of 57.8% 
(26 patients). The prevalence of MAD varies between 
different studies because there is no consensus on the 
specific length that defines MAD. Studies vary with 
thresholds ranging from 2mm to 5mm for defining 
MADS.7,8 Our study used a cutoff of 2mm for 2d TTE 
measurements. Konda et al. analyzed  patients having 
severe MR and in their study they used a ≥2mm cutoff 
for identification of MAD by TTE.15 Not all MVP 
patients have MAD, and MAD can occur without 
MVP, indicating that MAD and MVP can be distinct 
disease entities with normal mitral valves in MAD 
patients.14 

The maximum  distance of disjunction in our 
patients with MMVD was 8mm, and the main localiza-
tion of MAD was found  in the lateral (P1) region and 
middle (P2) segments of the posterior mitral leaflet. 
Significant correlation was detected between the mag-
nitude of the disjunction and  number of the segments 
prolapsing and therefore the severity of MR.15 

MMVD/MVP and MAD are associated with an 
increased risk of Ventricular Tachycardias and SCD, 
according to growing evidence.9 Symptomatic ventri-

cular arrhythmias are prevalent in patients with MVP, 
according to Wijngaarden and colleagues.14 In our 
group 15% of the patients with MAD had an episode of 
NSVT on holter monitoring while none of the patients 
without MAD had any ventricular arrhythmia. Per-
haps if long term monitoring like event recorders were 
to be used ,this frequency of ventricular arrhythmias 
detection may increase. A study incorporating Cardiac 
magnetic resonance imaging in patients with MMVD 
found fibrosis with Left Ventricular late gadolinium 
enhancement, and the fibrosis was localized mostly to 
the papillary muscles and the posterolateral wall. 
MAD emerged as a constant feature of these patients 
with  fibrosis of Left Ventricle.16 

As a result, it can be deduced that in the presence 
of MMVD and MVP in the region of the posterior 
mitral leaflet, which is enhanced by MAD, increased 
mechanical stress of the papillary muscles and postero-
lateral wall of the Left Ventricle causes increased 
mechanical stress of the papillary muscles and postero-
lateral wall of the Left Ventricle, leading to LV locali-
zed myocardial fibrosis, that serves as a morphological 
substrate of arrhythmias. Our study didn’t incorporate 
CMR to evaluate for fibrosis.17 

Our study had 2 patients who had a mitral valve 
repair and had a recurrence of symptoms and MR. 
According to Newcomb et al. the presence of MAD      
in advanced degenerative myxomatous situations is     
a significant determinant of MV repair failure, due            
to deficiency of annuloplasty. In the MAD presence , 
the annuloplasty ring fails to adequately relieve or 
decrease the mechanical stress on the mitral apparatus 
including leaflets, chordae, and papillary muscles. The 
posterior mitral leaflet must be removed from its 
location and reattached to the LV's more proximal 
musculature before being secured with an annulo-
plasty, making it a time-saving treatment. As a result, 
MAD is especially important in patients with MMVD 
and MVP who are undergoing surgery.18 

Patients with MAD have larger EROA and MR 
than those without and have larger ventricular dimen-
sions and volumes.18 Our study supports an associa-
tion between Severity of MR and presence of MAD. 
This greater severity leads to ventricular remodeling 
by dilation and fibrosis eventually, which in turn leads 
to adverse clinical outcomes. 

LIMITATIONS OF STUDY 

This study is limited by its retrospective nature, a 
single centre study and a small population. We used 2D TTE 
for measurements whereas 3D TTE, CT and CMR provide 
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superior imaging for detection of MAD as well as areas of 
annular involvement. CMR can help better define patients 
particularly at risk of arrhythmias and SCD. Nevertheless 
MAD remains of paramount importance owing to its clinical 
implications as well as for surgical management. 

CONCLUSION 

In patients with MMVD/MVP, MAD is not un-
common. The causal relationship between MVP, MAD and 
MR is not completely understood but it is apparent that the 
occurrence of MAD in these patients is associated with clini-
cal implications such as chest pain, dyspnea, palpitations and 
increased incidence of arrhythmias like Afib and NSVT. 

The presence of MAD is independently associated with 
long-term excess incidence of clinical arrhythmic events. Its 
recognition on echocardiography is important to better 
identify these patients who are more at risk of these clinical 
implications and also to help surgeons in planning the 
surgical repair. The modification of the surgical repair tech-
nique allows better surgical correction of the annular disjunc-
tion, which seems to optimize long-term results in these 
challenging cases.  
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