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A B S T R A C T
Background: Mitral annular disjunction (MAD) is a spatial displacement of the leaflet hinge line 
towards the left atrium (a-MAD) or the left ventricle (v-MAD). 

Aims: We sought to determine morphological characteristics of MAD types along the mural mitral 
leaflet and commissures using cardiac computed tomography (CT) imaging.

Methods: CT images from 250 adult patients were analyzed. A three-dimensional reconstruction 
of the left atrial wall-mitral annulus-left ventricular wall junction was performed to detect MADs 
and their measurements. 

Results: a-MADs were identified in 25.6% of patients (12.8% of mural leaflets and 14.0% mitral com-
missures), while v-MAD in 27.6% of patients (23.6% of mural leaflets and 4.8% mitral commissures). 
Notably, the P2 scallop was the most common site for both a-MAD (10.8%) and v-MAD (22.4%). The 
median disjunction height and length were larger for MADs located in leaflets than for commissures 
(all P <0.001). No significant sex-based disparities in the presence of both a-MADs and v-MADs were 
found. Patients with a-MAD were younger (P = 0.006) in comparison to the v-MAD and no-MAD 
groups. There were no differences in the body mass index, body surface area, and comorbidities 
across the study groups (all P >0.05).

Conclusions: Cardiac CT emerges as a reliable tool for the precise detection and assessment of MADs, 
which are relatively frequent variations in the structure of the mitral valve annulus. MADs are typically 
sectional and do not extend beyond one of the mural mitral leaflet scallops or commissures. Further 
investigations are warranted to establish the clinical implications of a-MADs and v-MADs.
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INTRODUCTION
Mitral annular disjunction (MAD) is defined as 
a discernible spatial displacement of the leaf-
let hinge of the mural (posterior) mitral leaflet 
or mitral commissures beyond the plane of the 
aligned atrial wall-mitral annulus-ventricular 
wall junction [1–3]. Two different types of MAD 
may be distinguished: atrial MAD (a-MAD), 
which is an annular displacement shifted 
toward the left atrium [1], and ventricular 

MAD (v-MAD), which is shifted toward the 
left ventricle [4].

The first description of the displacement 
of the mitral annulus was featured in the 
article “Handbuch der systematischen Anato-
mie des Menschen” (Handbook of Systematic 
Human Anatomy) by Henle in 1876 [5]. Nearly 
a century later, in 1986, Hutchins et al. [6] 
thoroughly described a-MAD type based 
on analysis of a large sample of autopsy 
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W H A T ’ S  N E W ?
Three-dimensional cardiac computed tomography emerges as a reliable tool for precisely detecting and assessing both types of 
mitral annular disjunctions located on the entire circumference of the mural mitral leaflet and commissures. Among 250 patients, 
atrial mitral annular disjunction was identified in 25.6%, and ventricular mitral annular disjunction in 27.6%. Comprehensive 
morphometric evaluation of mitral annular disjunctions could prove pivotal in understanding their clinical implications.

specimens, hypothesizing that a-MAD is an anatomical 
variant of the mitral annulus that may be associated with 
a mitral leaflet prolapse. For many years, a-MAD was over-
looked and considered clinically insignificant. However, 
recent studies have raised possible clinical implications of 
a-MAD, including its association with mitral valve disease, 
ventricular arrhythmias, and sudden cardiac death [7–17]. 
Interestingly, apart from the well-known a-MAD, a study by 
Hutching et al. [6] also named the other variant of mitral 
annulus morphology, where “the atrium-valve junction [is] 
attached well below the atrial aspect of the ventricle.” In the 
following decades, the second type of MAD (displacement 
towards the ventricle) was never again mentioned. In our 
recent autopsy study, we confirmed the presence of v-MAD 
in healthy human hearts and characterized its morphology 
[4]. Nevertheless, the clinical significance of the v-MAD type 
remains uncertain. 

MAD can be assessed through various imaging mo-
dalities, such as echocardiography, computed tomog-
raphy (CT), and magnetic resonance (MR) imaging [8, 
10–12, 18–25], with CT offering the advantage of detailed, 
high-resolution evaluation of the entire circumference of 
the mitral valve annulus [22, 23, 26]. In this study, we sought 
to determine the prevalence and morphological features 
of both a-MAD and v-MAD using three-dimensional recon-
structions of cardiac CT images. 

MATERIAL AND METHODS
This study was approved by the Bioethical Committee of 
the Jagiellonian University Medical College in Kraków, Po-
land (No 1072.6120.169.2022) and adhered to the ethical 
guidelines of the 1964 Declaration of Helsinki. 

Study population 
We conducted a retrospective review of contrast-en-
hanced electrocardiogram-guided cardiac CT scans from 
274 consecutive patients, performed between February 
2014 and November 2019 in the Clinical Department of 
Cardiology and Cardiovascular Interventions at Univer-
sity Hospital, Kraków. After an initial quality check of the 
scans and exclusion of patients with poor-quality scans or 
a history of mitral valve replacement or repair, 250 patients 
(56.8% female, mean [standard deviation] age 73.9 [14.7] 
years) were included and further analyzed. The patients 
underwent cardiac CT to evaluate various cardiovascular 
conditions, including aortic valve stenosis (168 patients), 
coronary artery disease without structural heart disease 
(74 patients), coronary arteries in patients with heart 

failure (2 patients), mitral regurgitation (1 patient), partial 
anomalous pulmonary venous return (1 patient), atrial 
septal defect (2 patients), left atrial myxoma (1 patient), and 
coronary artery anomalies (1 patient). Comprehensive chart 
reviews were performed to gather demographic details and 
past medical history for all participants.

Cardiac computed tomography
Cardiac CT scans were conducted using a 64-row du-
al-source scanner (Aquilion 64, Toshiba Medical Systems, 
Tokyo, Japan), with collimation set at 2 × 32 × 0.6 mm and 
temporal resolution at 165 ms. A contrast agent was inject-
ed at a dose of 1.0 ml/kg body weight and a rate of 5.5 ml/s, 
followed by a 40 ml saline flush at the same rate. The 30% 
phase of a multiphasic reconstruction (10% to 100%) was 
assessed as the end-systolic phase of the left ventricle and 
further examined. Semi-automatic segmentation of the 
left atrium, left ventricle, and mitral valve apparatus was 
performed at predefined end-systolic and end-diastolic 
phases using specialized three-dimensional reconstruction 
and visualization software (Mimics Innovation Suite 24, 
Materialize, Plymouth, MI, US). Three-dimensional and mul-
tiplanar reconstructions were reviewed and independently 
evaluated by a minimum of two researchers, who were 
blinded to the patient’s clinical backgrounds. 

Definitions and measurements 
The relationships between the left atrial myocardium, left 
ventricular myocardium, mitral valve mural leaflet, and 
mitral valve commissures were assessed to detect MAD 
in both the end-systolic and end-diastolic phases using 
multiplanar reconstructions. The classical arrangement of 
the mitral valve hinge line (no-MAD) was detected when 
the mitral annulus insertion point was located at the bor-
der between the atrial and ventricular myocardium, and 
no significant displacement of the mitral leaflets hinge 
line toward either the left atrium or the left ventricle was 
present (displacement <2 mm). The v-MAD was defined 
as a spatial displacement of the mitral hinge line toward 
the left ventricle (displacement ≥2 mm) (Figure 1A–C). The 
a-MAD was noted when a spatial displacement of the mitral 
hinge line toward the left atrial wall (displacement ≥2 mm) 
was visible (Figure 1D–F).

If a-MAD or v-MAD were discovered, their localization 
within the mural mitral leaflet or commissures was pre-
cisely described. The mural part of the mitral annulus was 
divided into parts based on mitral valve leaflets anatomy: 
P1, P2, and P3 scallops, inferoseptal, and superolateral 
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commissures [27]. Disjunction height was measured as the 
maximal distance between the mitral valve hinge line and 
the top of the left ventricular myocardium (towards the left 
atrium or ventricle). The disjunction length was measured 
as a curved line along the mitral annulus from the begin-
ning to the end of MAD. These linear measurements were 
obtained using virtual calipers in the end-systolic phase in 
multiplanar reconstructions.

Statistical analysis
Data analysis was carried out using IBM SPSS Statistics 
29.0 (Predictive Solutions, PA, US). Categorical variables 

were presented as numbers (n) and percentages. Quantita-
tive variables were presented as means with corresponding 
standard deviations or medians with lower and upper 
quartiles. Data distribution was explored with the Sha
piro-Wilk test. Differences between normally distributed 
quantitative parameters were evaluated with Student’s 
t-test, while non-normally distributed quantitative data 
were analyzed using the Mann-Whitney U test. Differences 
between categorical variables were determined using the 
χ2 test of independence or Fisher’s exact test if the number 
of observations in one category was below five. For multiple 
comparisons, the non-parametric Kruskal-Wallis test with 

Figure 1. Two types of mitral annular disjunction. A., D. Photographs of autopsy hearts specimens showing longitudinal sections through 
the atrial wall-mitral annulus-ventricular wall junction. A. Ventricular mitral annular disjunction type with visible spatial displacement of the 
mitral leaflet hinge line towards the left ventricle (LV); D. atrial mitral annular disjunction type with visible spatial displacement of the  
mitral leaflet hinge line towards the left atrium (LA). B. Ventricular mitral annular disjunction in 2D (end-systole) in contrast-enhanced com- 
puted tomography. C. Ventricular mitral annular disjunction in 3D reconstructions (end-systole) segmented from contrast-enhanced  
computed tomography (Mimics Innovation Suite 24, Materialize). E. Atrial mitral annular disjunction in 2D (end-systole) in contrast-enhanced 
computed tomography. F. Atrial mitral annular disjunction in 3D reconstructions (end-systole) segmented from contrast-enhanced compu
ted tomography (Mimics Innovation Suite 24, Materialize)

Abbreviations: MV, mitral valve; x, highest point of the left ventricle myocardium; *, mitral leaflet hinge line

A B C

D E F
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post-hoc Dunn’s test and the Bonferroni correction were 
applied to compare values between groups. A P-value of 
<0.05 was considered statistically significant.

RESULTS
a-MADs were identified in 25.6% of the study population, 
predominantly affecting only the mural leaflet (11.6%), 
only superolateral commissure (8.8%), or inferoseptal 
commissure (4.0%). In a small subset of patients (1.2%), 
a-MAD was present in both the mural leaflet and one of 
the commissures. v-MADs were detected in 27.6% of pa-
tients, primarily only within the mural leaflet (22.8%), with 
less frequent involvement of the superolateral (2.4%) or 
inferoseptal (1.6%) commissures; a combined presence in 
the mural leaflet and a commissure was observed in 0.8% 
of cases (Table 1). The occurrence of MADs varied across 
different segments of the mural mitral leaflet, with the 
P2 scallop being the most common site for both a-MAD 
(10.8%) and v-MAD (22.4%), as shown in Table 1 and  
Figure 2. MADs were seldom found in external scallops (P1, 
P3). The disjunction was observed along the entire mural 
mitral leaflet in 3 cases (1.2%) (1 case of v-MAD and 2 cases 
of a-MAD). There were no instances where both a-MAD and 
v-MAD co-existed in the same heart.

The median (IQR) disjunction height and length of 
a-MAD were larger in the mural leaflet than in the com-
missures (height: 5.0 [2.8–8.2] vs. 2.9 [2.2–3.4] mm; length: 
10.1 [7.1–12.3] vs. 3.7 [2.8–6.2] mm; both P <0.001). The 

Table 1. Distribution and morphological characteristics of mitral 
annular disjunction (MAD) types within the mural mitral leaflet and 
mitral commissures

Atrial  
MAD

Ventricular 
MAD

Mural mitral leaflet

Total, n (%) 29 (11.6) 57 (22.8)

Only in P1 scallop, n (%) 1 (3.4) 0 (0.0)

Only in P2 scallop, n (%) 20 (69.0) 36 (63.2)

Only in P3 scallop, n (%) 1 (3.4) 1 (1.8)

Both in P1 and P2 scallops, n (%) 3 (10.3) 14 (24.6)

Both in P2 and P3 scallops, n (%) 2 (6.9) 5 (8.8)

In all scallops (P1, P2 and P3), n (%) 2 (6.9) 1 (1.8)

Disjunction height, mm, median 
(IQR)

5.0 (2.8–8.2) 5.3 (3.2–7.0)

Disjunction length, mm, median 
(IQR)

10.1 (7.1–12.3) 12.9 (8.7–14.9)

Mitral commissures

Total, n (%) 32 (12.8) 10 (4.0)

In superolateral commissure, n (%) 22 (68.8) 6 (60.0)

In inferoseptal commissure, n (%) 10 (31.3) 4 (40.0)

Disjunction height, mm, median 
(IQR)

2.9 (2.2–3.4) 3.1 (2.5–4.1)

Disjunction length, mm, median 
(IQR)

3.7 (2.8–6.2) 4.7 (3.3–6.5)

Mural mitral leaflet and commissures

Total, n (%) 3 (1.2) 2 (0.8)

In P1 scallop and superolateral 
commissure, n (%)

2 (66.7) 0 (0.0)

In P3 scallop and inferoseptal com-
missure, n (%)

1 (33.3) 2 (100)

Abbreviations: IQR, interquartile range; n, number; P1, P2, P3, scallops of mural 
mitral valve leaflet; SD, standard deviation

Figure 2. Schematic distribution of atrial and ventricular mitral annular disjunctions (MADs) within the mural mitral leaflet scallops (P1, 
P2, and P3) and mitral commissures (superolateral commissure [SL-C] and inferoseptal commissure [IS-C]) in the whole studied population 
(n = 250) detected using computed tomography imaging (CT). Red marked atrial MAD, blue denotes ventricular MAD

Atrial MAD and
ventricular MAD on CT 

(n = 250)

SL–C IS–C

P1 P3

P2

9.6%
2.4%

4.4%
2.4%

3.2%
6.0%

2.4%
3.6%

10.8%
22.4%
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same relationship was observed for v-MAD for both dis-
junction height (5.3 [3.2–7.0] vs. 3.1 [2.5–4.1] mm; P <0.001) 
and length (12.9 [8.7–14.9] vs. 4.7 [3.3–6.5] mm; P <0.001). 
However, no differences were found between the dimen-
sions of a-MADs and v-MADs (P >0.05). 

The prevalence of a-MAD and v-MAD did not differ 
between women and men (a-MAD: males 26.2% vs. fe-
males 25.2%; P = 0.86; v-MAD: males 30.8% vs. females 
25.2%; P = 0.32) (Table 2). Morphometric analyses of the 
2 MAD types showed no significant sex differences, ex-
cept for a longer a-MAD disjunction in males compared 
to females (11.4 [10.1–13.7] vs. 7.7 [6.6–11.5] mm; P 
=0.02) (Table 2). 

Clinical characteristics of patients categorized by 
MAD type (Table 3) showed that those with a-MAD were 
significantly younger than those with v-MAD and no-MAD 
and less frequently had severe aortic valve stenosis. There 
were no significant differences in body mass index, body 
surface area, or the presence of other comorbidities across 
the three groups (Table 3). Notably, one a-MAD patient 
experienced sudden cardiac arrest due to ventricular 
fibrillation. This patient also had mitral valve prolapse 
with intermediate mitral regurgitation but no other dis-
eases. Cardiac arrest also occurred in two other patients, 
one without MAD and another with v-MAD, in both due to 
myocardial infarction.

Table 2. Prevalence and morphological characteristics of mitral annular disjunctions (MAD) types according to sex

Males 
(n = 107)

Females 
(n = 143)

P-value

Atrial MAD Total, n (%) 28 (26.2) 36 (25.2) 0.86

Disjunction height, mm, median (IQR) 5.6 (2.9–8.2) 4.1 (2.8–6.6) 0.52

Disjunction length, mm, median (IQR) 11.4 (10.1–13.7) 7.7 (6.6–11.5) 0.02

Ventricular MAD Total, n (%) 33 (30.8) 36 (25.2) 0.32

Disjunction height, mm, median (IQR) 6.2 (4.1–7.0) 4.5 (3.0–6.6) 0.16

Disjunction length, mm, median (IQR) 13.0 (9.7–17.2) 12.1 (7.6–14.5) 0.30

Abbreviations: see Table 1

Table 3. Clinical characteristic of the patients according to the detected type of the mitral annular disjunction (MAD)

No-MAD 
(n = 117)

Atrial MAD 
(n = 64)

Ventricular 
MAD (n = 69)

P-value
ANOVA

Pairwise comparisons

P-value 
atrial MAD 
vs. no-MAD

P-value  
ventricu-
lar MAD 

vs. no-MAD

P-value
atrial MAD 

vs. ventricular 
MAD

Age, years, mean (SD) 75.8 (13.7) 68.5 (17.2) 75.8 (12.4) 0.006 0.003 0.41 0.02

Females, n (%) 71 (60.7) 36 (56.3) 36 (52.2) – 0.56 0.26 0.64

Body mass index, kg/m2, mean 
(SD)

27.2 (4.6) 27.2 (4.8) 27.3 (4.4) 0.72 – – –

Body surface area, m2, mean (SD) 1.8 (0.2) 1.8 (0.3) 1.8 (0.2) 0.45 – – –

Arterial hypertension, n (%) 92 (81.4) 50 (80.6) 56 (81.2) – 0.90 0.97 0.94

Atrial fibrillation, n (%) 38 (33.6) 20 (32.3) 25 (36.2) – 0.85 0.72 0.63

Diabetes mellitus type II, n (%) 38 (33.6) 21 (33.9) 18 (26.1) – 0.97 0.29 0.33

Chronic kidney disease, n (%) 26 (23.0) 9 (14.5) 17 (25.0) – 0.18 0.76 0.14

Coronary artery disease, n (%) 61 (52.1) 26 (40.6) 37 (53.6) – 0.14 0.85 0.13

Previous myocardial infarction, 
n (%)

32 (28.3) 12 (19.4) 26 (37.7) – 0.19 0.19 0.02

Chronic obstructive pulmonary 
disease, n (%)

10 (8.8) 3 (4.8) 6 (8.7) – 0.39 0.97 0.38

Previous stroke or transient ische-
mic attack, n (%)

15 (13.3) 5 (8.1) 7 (10.1) – 0.30 0.53 0.68

Presence of pacemaker, n (%) 8 (7.1) 4 (6.5) 7 (10.1) – 0.88 0.47 0.45

Ever-smoker, n (%) 28 (24.8) 15 (24.2) 17 (24.6) – 0.93 0.98 0.95

Cardiac arrest, n (%) 1 (0.9) 1 (1.6) 1 (1.5) – 0.66 0.70 0.97

Severe aortic valve stenosis, n (%) 87 (74.4) 30 (46.9) 51 (73.9) – <0.001 0.95 0.001

Severe aortic valve regurgitation, 
n (%)

0 (0) 2 (3.1) 1 (1.4) – 0.12 0.37 0.61

Mitral valve regurgitation, n (%)

Severe 1 (0.9) 2 (3.1) 4 (5.8) – 0.25 0.04 0.45

Moderate 22 (18.8) 12 (18.8) 21 (30.4) – 0.99 0.07 0.07

Mild 65 (55.6) 29 (45.3) 30 (43.5) – 0.19 0.11 0.83

None/trivial 29 (24.8) 21 (32.8) 14 (20.3) – 0.25 0.48 0.10

Barlow syndrome, n (%) 0 (0) 1 (1.6) 0 (0) – 0.18 – 0.30

Left ventricle ejection fraction, %, 
mean (SD) 

53.4 (12.1) 56.9 (10.1) 53.7 (13.6) 0.36 – – –

Abbreviations: see Table 1
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DISCUSSION
In this study, we demonstrated the utility of cardiac CT for 
detecting and evaluating MAD. The prevalence of a-MADs 
and v-MADs in our study was comparable with our recent 
autopsy studies [1, 4], which indicates the excellent per-
formance of cardiac CT in MAD detection. Importantly, no 
co-existence of an a-MAD and v-MAD within the same heart 
was detected, which is also consistent with our previous 
autopsy observations (0.45% coexistence of both MAD 
types in the same heart) [4], suggesting distinct pathophys-
iological origins for these two types of MAD. Defining MAD 
precisely remains a challenge, especially regarding the 
minimum displacement necessary to classify a fragment of 
the mitral annulus as disjunctive [1, 2, 4]. Diagnostic criteria 
vary across different imaging modalities. For instance, in 
transthoracic echocardiography, a misalignment ≥2 mm 
measured in systole was sufficient to diagnose the presence 
of a-MAD [8, 25]. In transesophageal echocardiography, 
MAD was diagnosed if there was a wide separation of 
≥5 mm in two-dimensional [18, 28] and three-dimensional 
studies [10]. For cardiac MR or cardiac CT imaging, previous 
studies do not specify a definitive cut-off point for defining 
MAD, though some define it as any displacement of the 
mitral leaflet hinge line exceeding 1 mm [12, 20–24]. In our 
previous autopsy studies, we arbitrarily chose the 2 mm 
cut-off point for MAD detection (both a-MAD and v-MAD) 
[1, 4]. Considering the complex morphological structure of 
the mitral annulus, macroscopic and microscopic features 
of disjunctions we have previously observed, and spatial 
resolution of available imaging modalities, we advocate 
for a ≥2 mm displacement as the criterion for MAD in both 
clinical and research settings. 

The question of whether MADs represent normal an-
atomical variations or pathological entities and what the 
clinically significant MAD height cut-off point is remains 
open. Unfortunately, nothing is known about the clinical 
significance of the v-MAD, and the implications of a-MAD 
are not entirely clear. An a-MAD is frequently found in 
patients diagnosed with mitral valve prolapse and is 
believed to be closely associated with advanced myxo-
matous degeneration [8, 14]. It is even hypothesized that 
the floppy mitral valve develops from hypermobility of the 
valve apparatus, secondary to disjunction [6]. However, at 
the same time, attention should be paid to a vast number 
of patients with a-MAD but without a myxomatous mitral 
valve of leaflet prolapse [1]. A systematic literature review 
by Bennet et al. [7] highlighted the link between ventricular 
arrhythmias and a-MAD. Notably, the incidence of ventricu-
lar arrhythmias was found to be higher with a greater extent 
of a-MAD height and circumferential area (length) [7, 12]. 
Furthermore, a-MAD may be associated with ventricular 
arrhythmias independent of concomitant mitral valve 
prolapse, suggesting that a-MAD itself may play a crucial 
role in arrhythmogenesis [12]. Conversely, Essayagh et al. 
concluded that the presence of a-MAD was not associated 
with increased mortality within the first 10 years after its 

diagnosis [14]. However, this does not diminish the impor-
tance of vigilant monitoring for arrhythmias in individuals 
identified with MAD. Finally, recognizing MAD, whether 
atrial or ventricular, seems crucial for patients undergoing 
mitral valve surgery. In patients with annular disjunctions, 
modifying the surgical technique may be necessary to 
avoid prosthetic valve replacement and ensure the optimal 
and long-lasting outcome of the repair [18, 19]. 

The incidence of a-MAD in previous clinical studies 
varies depending on the patient population, imaging 
modality, and the criteria for defining a-MAD [29, 30]. The 
most common noninvasive imaging modality to detect 
MAD is transthoracic echocardiography. The prevalence 
of a-MAD identified through routine echocardiography is 
considerably lower than observed in autopsy studies; it is 
estimated at 9%, with a mean disjunction height of 3.5 mm 
[1, 8]. Assessment of MAD with echocardiography can be 
hampered by reduced image quality, atrial fibrillation, or 
myocardial infarction affecting the mitral annulus region 
adjacent to the left ventricle [8, 22]. Furthermore, standard 
echocardiography does not allow for a reliable assessment 
of the entire circumference of the mitral annulus, making 
the detection of typically small and localized MADs chal-
lenging. In contrast, three-dimensional imaging modali-
ties allow examination of the entire circumference of the 
mural mitral leaflet and both commissures. Therefore, they 
should be used instead of two-dimensional transthoracic 
echocardiography to assess the atrial wall-mitral annu-
lus-ventricular wall junction [15].

Previous studies have investigated a-MAD with cardiac 
CT and MR imaging, which are integral to contemporary 
clinical diagnostics [11, 12, 21–24, 31]. These modalities 
allow for three-dimensional mitral annulus assessment 
and provide excellent morphological information on its 
structure [22–24, 26, 32]. Cardiac CT is a standard imaging 
examination performed in many patients as part of the 
cardiac diagnostic workup and is becoming increasingly 
popular. CT allows perfect spatial assessment of the mitral 
valve apparatus, including leaflets and annulus, with very 
high accuracy and without specialized protocols for MAD 
evaluation [32]. Although cardiac MR also allows for accu-
rate imaging of the mitral valve annulus, it demands specific 
planning and protocol adjustments during data acquisition, 
generally yielding lower spatial resolution compared to CT 
[33]. Cardiac MR is preferable to CT in the assessment of 
mitral regurgitation and, more importantly, late gadolinium 
enhancement, which is crucial in patients with MAD. As 
mentioned above, MAD is associated with hypermobility 
of the atrioventricular junction, which leads to excessive 
local contraction and stretching of cardiomyocytes. This 
can result in potential remodeling and fibrosis of the my-
ocardium, visible as late gadolinium enhancement on MR 
imaging [9, 11, 24]. It is believed that the increased force 
applied to the weakened myocardium leads to arrhythmias, 
with the disjunction itself, rather than the prolapse, being 
responsible for the excessive mobility [11, 17, 24]. 
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Nevertheless, both the above-mentioned imaging 
modalities require a deep understanding of mitral valve 
anatomy and careful interpretation to avoid diagnostic 
errors. The current study showed that proper mitral annulus 
evaluation on CT can find MAD with similar accuracy to 
autopsy studies. On the contrary, in a study by Toh et al. [23] 
based on CT images of 98 patients, the a-MAD was iden-
tified in 96.0% of structurally normal hearts, with double 
peaks at bilateral sides of commissures on the prevalence 
distribution map. In another large-scale study by Zugwitz et 
al. [24] that used MR imaging, the disjunction was detected 
in 76% of patients, also displaying a similar type of bimodal 
distribution. Such discrepancies may result from errone-
ous overidentification of MAD in external parts of both 
commissaries. It is vital to properly define the boundaries 
between commissures and aortic (anterior) mitral leaflets 
to avoid overdiagnosis of MAD. The attachment point of the 
aorto-mitral continuity to the base of the left ventricular 
wall may resemble in its structure an a-MAD and, therefore, 
lead to a false diagnosis [1, 2].

Another issue worth discussing is the presence of so-
called pseudo-MAD. When assessing the presence of MAD 
in clinical imaging, it is crucial to evaluate the diastolic 
phase of the cardiac cycle to avoid potential misdiagno-
sis. A common error is pseudo-MAD, where the leaflet 
insertion is normal, but the juxtaposition of the mural 
leaflet and atrial wall creates the appearance of MAD. True 
MAD should be identified exclusively in the diastolic phase, 
where the leaflet hinge is visible and accurately positioned 
at the atrioventricular junction [34]. The use of an inappro-
priate imaging phase can lead to misdiagnosis. In our study, 
we performed segmentation during both the end-systolic 
and end-diastolic phases to detect MAD. All subsequent 
measurements were done in the end-systolic phase.

Limitations
The present study has several limitations. First, it is based 
on data from a single institution, which may limit the 
generalizability of the findings. Second, the patient cohort 
comprised individuals who underwent cardiac CT primarily 
for the evaluation of coronary artery disease or as a prereq-
uisite for transcatheter aortic valve implantation, among 
other reasons. This selection bias suggests the need for 
further research involving a broader spectrum of patients, 
especially those with mitral valve disorders and a variety 
of cardiac arrhythmias, to fully understand the prevalence 
and implications of MAD. The study analyzed CT scans 
performed between February 2014 and November 2019, 
ensuring that all included scans were technically accurate, 
with the mitral annular region clearly visible. Only univar-
iate statistical analyses were performed. Additionally, the 
3D segmentation tool (Mimics Innovation Suite 24, Materi-
alize, Plymouth, MI, US) used in this study is not a standard 
clinical instrument utilized in everyday clinical practice, and 
its availability is low. However, a MAD may also be easily 
detected using standard multiplanar reconstructions.

CONCLUSIONS
Cardiac CT may be used to easily and accurately detect 
and evaluate MADs. Three-dimensional CT reconstructions 
allow examination of the entire circumference of the mitral 
annulus and, therefore, make it a suitable imaging modality 
to visualize disjunctions, minimizing the likelihood of MAD 
misdiagnosis. In our study population, a-MAD was identi-
fied in 25.6% of cases, v-MAD in 27.6%, with the remaining 
46.8% exhibiting standard aligned annular junctions. MADs 
were typically sectional and did not extend beyond one of 
the mural mitral leaflet scallops or commissures, with the 
P2 scallop being the most frequent site for both a-MAD and 
v-MAD. The commissural MADs were significantly smaller 
than mural leaflet MADs. Given these findings, further 
research is essential to elucidate the clinical implications 
of a-MADs and v-MADs.
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