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Objectives: To determine with CT the prevalence and extent of mitral annular disjunction (MAD) in patients
undergoing transcatheter aortic valve replacement (TAVR) and its association with mitral valve disease and
arrhythmia.
Methods: We retrospectively evaluated 408 patients (median age, 82 years; 186 females) with severe aortic
stenosis undergoing ECG-gated cardiac CT with end-systolic data acquisition. Baseline and follow-up data were
collected in the context of a national registry. Two blinded, independent observers evaluated the presence of
MAD on multi-planar reformations. Maximum MAD distance (left atrial wall-mitral leaflet junction to left ven
tricular myocardium) and circumferential extent of MAD were assessed on CT using dedicated post-processing
software. Associated mitral valve disease was determined with echocardiography.
Results: 7.8 % (32/408) of patients with severe aortic stenosis had MAD. The maximum MAD was 3.5 mm
(interquartile range: 3.0–4.0 mm). The circumferential extent of MAD comprised 34 ± 15 % of the posterior and
26 ± 12 % of the entire mitral annulus. Intra- and interobserver agreement for the detection of MAD on CT were
excellent (kappa: 0.90 ± 0.02 and 0.92 ± 0.02). Mitral regurgitation (p = 1.00) and severe mitral annular
calcification (p = 0.29) were similarly prevalent in MAD and non-MAD patients. Significantly more patients with
MAD (6/32; 19 %) had mitral valve prolapse compared to those without (6/376; 2 %; p < 0.001). MAD was not
associated with arrhythmia before and after TAVR (p > 0.05).
Conclusions: Using CT, MAD was found in 7.8 % of patients with severe aortic stenosis, with a higher prevalence
in patients with mitral valve prolapse. We found no association of MAD with arrhythmia before or after TAVR.

1. Introduction
Mitral annulus disjunction (MAD) was first described in 1981 in a
patient with mitral valve prolapse and sudden cardiac death [1]. It refers
to an anatomic variation with spatial displacement of the left atrial
wall-mitral leaflet junction and left ventricular wall during systole [1,2].
The disjunctive annulus is functionally decoupled from the left ventricle
leading to paradoxical annular dynamics with systolic expansion and
flattening [3]. MAD has been related to mitral valve prolapse and
myxomatous mitral valve disease [3–6] and may be associated with an

increased risk for ventricular arrhythmia [7]. Recently, Chivulescu et al.
showed that MAD is highly prevalent in patients with Marfan and
Loeys–Dietz syndromes and associated with adverse outcomes,
including aortic events at a younger age and the need for mitral valve
surgery [8].
Echocardiography, being the most widely used cardiac imaging
modality, enables the detection of MAD [5,9]. However, particularly
retrospective assessment of MAD with echocardiography may be
hampered by reduced image quality, atrial fibrillation, and in patients
with posterior myocardial infarction [9]. This is reflected by the results

Abbreviations: CT, computed tomography; ECG, electrocardiogram; IQR, inter-quartile range; MADmitral, annular disjunction; MR, mitral regurgitation; TAVR,
transcatheter aortic valve replacement.
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Fig. 1. CT assessment of mitral annular
disjunction (MAD).
The MAD assessment starts on the axial plane
(A). To derive the vertical long axis (VLA) view
the crosshairs are adjusted to pass through the
center of the mitral valve and left ventricular
apex. On the VLA (B), crosshairs are adjusted to
align with the left atrial wall- mitral leaflet
junction (yellow markers). On the acquired
short-axis view on a plane through the mitral
valve (C), crosshairs are rotated to assess the
corresponding long axis image (D) for the
presence of MAD (orange arrow). MAD is
defined as spatial displacement of the left atrial
wall-mitral leaflet junction (yellow marker) and
the left ventricular wall (green) during systole
(For interpretation of the references to colour in
this figure legend, the reader is referred to the
web version of this article.).

from the study by Konda et al. who had to exclude 34 % of the 2188
consecutive patients referred to echocardiography in their retrospective
analysis of MAD because of limitations in image quality [9].
Cardiac computed tomography (CT) represents a widely used im
aging modality for the evaluation of structural heart disease. This is
mainly due to its non-invasiveness and its high spatial resolution
providing isotropic voxels enabling the reconstruction of images of the
heart with equal quality in any arbitrary plane [10–14]. Specifically, CT
allows for an assessment of the mitral valve apparatus including the
leaflet/annulus complex with high accuracy [14–17]. In patients with
aortic stenosis undergoing transcatheter aortic valve replacement
(TAVR) relevant mitral valve disease frequently coexists in around one
third of patients [18,19].
The purpose of our study was i) to evaluate the feasibility of CT to
detect and measure MAD, ii) to determine the prevalence and extent of
MAD in TAVR patients, iii) to assess the association of MAD with mitral
valve disease, and iv) to assess the association of MAD with arrhythmia
before and after TAVR implantation.

before and after TAVR as well as new onset arrhythmia including the
need for pacemaker implantation within 30-days after the intervention
were recorded [20].
2.2. CT data acquisition and image reconstruction
All patients underwent CT on either a second- or third-generation
dual-source CT scanner (SOMATOM Force; SOMATOM Definition
Flash; Siemens Healthineers, Forchheim, Germany). Prospectively ECGgated high-pitch CT angiography of the thoracoabdominal aorta was
performed with our scanner-specific protocols.
Using the second-generation dual-source CT scanner we applied the
following scan and reconstruction parameters [21]: tube voltage,
100kVp; tube current, automated attenuation-based tube current mod
ulation was used with a reference tube current-time product of 320
mAs/rotation; pitch, 3.2; gantry rotation time, 0.25 s; collimation,
128 × 0.6 mm; slice thickness of 0.6 mm, an increment of 0.5 mm and a
soft tissue convolution kernel (B30f) with Sinogram Affirmed Iterative
Reconstruction (SAFIRE, Siemens Healthineers, Forchheim, Germany)
at strength level 3. The contrast media protocol was as follows: First,
45 mL Iopromide (Ultravist 370; Bayer Vital, Leverkusen, Germany) at a
flow rate of 5 mL/s was intravenously injected, directly followed by
35 mL of a second bolus of Iopromide and with a 60-mL bolus of saline
chaser, both at the flow rate of 2.5 mL/s.
Using the third-generation dual-source CT we applied the following
scan and reconstruction parameters [22]: tube voltage, automatic tube
voltage selection; automatic attenuation-based tube current modulation;
section acquisition, 2.0 × 192.0 × 0.6 mm with the z-flying focal spot;
pitch, 3.2; and gantry rotation time, 250 msec, slice thickness, 0.6 mm,
an increment of 0.4 mm and a soft-tissue kernel (Bv36) with advanced
modeled iterative reconstruction (ADMIRE; Siemens Healthineers, For
chheim, Germany) at strength level 4. The contrast media protocol was
as follows: Undiluted Iopromide (Ultravist 370; Bayer Vital, Leverkusen,

2. Material and methods
2.1. Patient population
Baseline data collection was performed in the context of a nationwide prospective registry (SWISS TAVI registry). This study had local
institutional and ethics committee approval. All patients provided
written informed consent.
Between November 2008 and May 2019, we retrospectively evalu
ated 408 patients (median age, 82 years; 186 females) with severe aortic
stenosis. All patients underwent CT, triggered in end-systole, as part of
the institutional pre-procedural protocol prior to transcatheter aortic
valve replacement (TAVR). Patient demographics, cardiovascular risk
factors and medical history were noted for each patient. Arrhythmia
2
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Fig. 2. Measurement of the mitral annulus
disjunction (MAD) length.
Panel A schematically illustrates the spatial
disjunction (red line) of the basal inferolateral
left ventricular myocardium (green) and the left
atrial wall-mitral leaflet junction (blue)
assessed on a 3-chamber view. The mitral valve
is shown in yellow. Panel B shows the MAD
length measurement (red line) on the corre
sponding CT image.
Abbreviations: LA, left atrium; LV, left ventricle
(For interpretation of the references to colour in
this figure legend, the reader is referred to the
web version of this article.).

Germany) was injected into an antecubital vein. Contrast media volume
and flow rate were adapted depending on the proposed tube voltage (as
detailed in [22]). Contrast media injection was followed by injection of a
50-mL saline bolus at a rate of 4 mL/sec. For both scanners, bolus
tracking was performed in the ascending aorta with a signal attenuation
threshold of 100 Hounsfield units at a tube voltage of 120 kV.
Aortic root structures undergo significant dimensional changes
throughout the cardiac cycle [23]. Therefore, it is recommended to
measure the aortic annulus size in end-systole to avoid undersizing of
TAVR prosthesis [10]. Due to the contraction of the left ventricular
myocardium, MAD can be assessed during systole. Maximum MAD
measurements are recommended to be performed in end-systole [9,24].
The CT scan was started automatically based on the previous 10
heartbeats in order to reach the 30 % RR-interval at the level of the
sinutubular junction. Scanning ranged from the lung apex to the lesser
trochanter of the femur. Cardiac CT images were reconstructed with
0.6 mm section thickness and a 0.4 mm increment.

2.3. CT assessment of MAD
One observer (T.T., 5 years of experience in cardiovascular imaging)
evaluated the presence or absence of MAD using a dedicated postprocessing software (Cardiac function application, Siemens syngo.via,
version VB30A, Siemens Healthineers, Forchheim, Germany). The
presence of MAD was evaluated on multi-planar reformations (Fig. 1).
The length of the MAD was measured from the left atrial wall-posterior
mitral leaflet junction to the top of the left ventricular wall during endsystole (Fig. 2) [24]. The maximum distance as well as the distance in
each dedicated left ventricular long axis view (2-, 3-, and 4-chamber left
ventricular long-axis) were recorded. To assess interobserver and
intraobserver variability, 300 randomly selected cases were
re-evaluated by observer one (T.T.) after 2 months to avoid recall bias
and by a second reader (A.K., 5 years of experience in cardiovascular
imaging), both blinded to the initial results.

Fig. 3. Extent of mitral annular disjunction
(MAD).
Panels A–D illustrates measurements of the
extent and proportion of the mitral annulus
involved in MAD. After placing 16 seed points
along the mitral annulus (in the long axis
reformation, A), the circumference of the mitral
annulus is determined semi-automatically by
the software (B). The extent of the mitral
annulus displaced from the left ventricular
myocardium (B) was marked with the green
and purple seed point (C) and the proportion of
the annulus circumference with MAD is shown
in white (C and D). The MAD extent was
recorded and used to calculate the ratio of the
MAD extent divided by the entire and the pos
terior mitral annular circumference (For inter
pretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article.).
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2.4. CT assessment of the mitral annulus

Table 1
Baseline demographics.

In all patients with MAD, we additionally evaluated the mitral
annular dimensions using an advanced visualization, segmentation and
image analysis software (3mensio Structural Heart 8.1, Pie Medical
Imaging, Maastricht, NL). After independently placing 16 seed points
along the mitral annulus (in the long axis reformation), the circumfer
ence of the mitral annulus both in 3D and 2D (including the anterior and
posterior part), the mitral annular area, the intercommissural distance
and the septolateral distance were semiautomatically determined by the
software [25]. The proportion of the mitral annulus displaced from the
left ventricular myocardium was recorded and used to calculate the
circumferential involvement of the MAD in regard to the posterior mitral
annulus and the entire mitral annulus (Fig. 3). Severe mitral annular
calcification was defined as calcification of ≥ ½ of the mitral annular
circumference [26].
2.5. Echocardiography
The degree of mitral regurgitation (MR) was assessed using struc
tural, spectral, and color-Doppler images and were graded as mild,
moderate, or severe using multi-parametric assessments according to the
European Association of Cardiovascular Imaging/American Society of
Echocardiography recommendations [27,28].
Mitral valve prolapse was assessed in the parasternal long-axis view
as systolic displacement of the mitral leaflet into the LA of at least 2 mm
from the mitral annular plane, according to the American Society of
Echocardiography guidelines [29] and according to European Associa
tion of Cardiovascular Imaging recommendations, which defines mitral
valve prolapse as abnormal systolic displacement of mitral valve coap
tation point into the left atrium below the annular plane [28]. As the
echocardiographic examinations had been performed without focusing
specifically on detecting MAD, we did not include an echocardiographic
MAD assessment as these results might have underestimated the MAD
prevalence.

OVERALL
n = 408
Median
(Interquartile
Range)

WITHOUT
MAD n = 376
Median
(Interquartile
Range)

WITH MAD
n = 32
Median
(Interquartile
Range)

Age (years)
Body mass index
(kg/m2)
Body surface area
(m2)
EuroSCORE II

82 (78–85)
26.4
(23.9–29.7)
1.81
(1.7–1.99)
4.0 (2.3–8.0)

82 (78–85)
26.4
(23.9–29.9)
1.81
(1.70–1.97)
4.2 (2.3–8.1)

82 (78–87)
24.8
(23.6–28.3)
1.83
(1.65–2.00)
3.0 (2.0–5.0)

Mean
(Standard
deviation)
74 (±14)
165 (±10)

Mean
(Standard
deviation)
73 (±15)
167 (±9)

pvalue

Weight (kg)
Height (cm)

Mean
(Standard
deviation)
74 (±14)
165 (±9)
Count
(Percentage)
192 (47 %)
156 (38 %)
337 (83 %)

Count
(Percentage)
176 (47 %)
141 (38 %)
309 (82 %)

Count
(Percentage)
16 (50 %)
15 (47 %)
28 (88 %)

pvalue
0.85
0.34
0.63

109 (27 %)
165 (40 %)

101 (27 %)
150 (40 %)

8 (25 %)
15 (47 %)

1.0
0.46

274 (67 %)
63 (15 %)

248 (66 %)
59 (16 %)

26 (81 %)
4 (13 %)

0.081
0.80

230 (56 %)

215 (57 %)

15 (47 %)

0.27

98 (24 %)

87 (23 %)

11 (34 %)

0.19

80 (20 %)

87 (23 %)

3 (9 %)

0.17

86 (21 %)

79 (21 %)

7 (22 %)

1.0

107 (26 %)

99 (26 %)

8 (25 %)

1.0

100 (25 %)

85 (24 %)

15 (27 %)

0.29

12 (3 %)

6 (2 %)

6 (19 %)

<0.001

Females
NYHA III or IV
Arterial
hypertension
Diabetes
Current/Previous
smokers
Dyslipidaemia
Chronic
obstructive
pulmonary
disease
Clinically
relevant
coronary artery
disease
Previous
cardiovascular
interventions
Cerebrovascular
disease
Peripheral artery
disease
Moderate/ severe
mitral
regurgitation
Severe mitral
annular
calcification
Mitral valve
prolapse

2.6. Statistical analysis
Parametric and non-parametric distributed, continuous variables are
presented as mean and standard deviation or medians and inter-quartile
ranges (IQR), respectively. Categorical variables are presented as
numbers and percentages. Pairwise comparison was performed using
student’s t-test or the Mann-Whitney U-test, where appropriate. Cate
gorical variables were using the Pearson’s Chi-square or Fisher’s exact
test, where appropriate. Intra- and interobserver agreement to detect
MAD was calculated using Cohen’s kappa. Bland-Altman analysis was
applied to evaluate the reproducibility for MAD maximum measure
ments between and within observers.
A two-sided p-value of 0.05 was considered statistically significant.
All analyses were performed with SPSS for Windows 25.0 (Chicago, IL,
USA).

p-value

0.76
0.14
0.81
0.056

0.65
0.30

Abbreviations: EuroSCORE, European System for Cardiac Operative Risk Eval
uation; NYHA, New York Heart Association.

with MAD had a median posterior mitral annular circumference of
94.6 ± 14.7 mm and a median overall mitral annular circumference of
125.6 ± 16.9 mm. The median circumferential extent of the MAD was
32.9 ± 17.1 mm, comprising 34 ± 15 % of the posterior mitral annular
circumference and 26 ± 12 % of the entire mitral annular circumference.
The median maximum MAD distance from the LV free wall was
3.5 mm (IQR: 3.0–4.0 mm). In 21 of the 32 patients (65 %), the
maximum MAD distance was found inferior in the 2-chamber left ven
tricular long-axis view.

3. Results
3.1. Baseline characteristics and prevalence of MAD
Table 1 summarizes the patient demographics. From the 408 patients
with severe aortic stenosis, 32 (7.8 %) showed MAD on CT. Median
patient heart rate was 70/min (minimum, 48/min; maximum, 130/
min). A representative example is shown in Fig. 4. MAD and non-MAD
patients did not show significant differences in baseline characteristics
(see Table 1).

3.3. Agreement between observers
Intra- and interobserver reproducibility for MAD assessment with CT
showed excellent agreement with kappa values of 0.90 ± 0.02 and
0.92 ± 0.02, respectively. Repeated measurements of the maximum
MAD distance from the LV free wall resulted in a mean difference of
0.1 ± 1.1 mm within and 0.0 ± 0.8 mm between observers (Fig. 5).

3.2. CT measurements
CT measurements in MAD patients are shown as Table 2. Patients
4
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Fig. 4. Representative case example.
Representative case of a 66-year-old male pa
tient with Mitral annular disjunction (MAD).
MAD (yellow arrow) is shown in the 2-chamber
view (A). MAD length measurement (B) was
performed between the left ventricular
myocardium (green) and the left atrial wallmitral leaflet junction (yellow marker). Panel
C illustrates the MAD using 3D cinematic
rendering (For interpretation of the references
to colour in this figure legend, the reader is
referred to the web version of this article.).

3.5. Association with arrhythmia before and within 30-days after TAVR

Table 2
CT measurements in patients with mitral annular disjunction (MAD).

There were no significant differences in atrial fibrillation/flutter,
bundle branch or atrioventricular block in patients with compared to
those without MAD before and after TAVR (all, p > 0.05, Table 3).
Similarly, there was no significant difference in the need for pacemaker
implantation before and within 30-days after TAVR between patients
with and those without MAD (all, p > 0.05, Table 3).

Median (IQR)
MAD maximum distance (mm)
MAD 2CH distance (mm)
MAD 3CH distance (mm)
MAD 4CH distance (mm)

3.5
3.5
2.5
2.2

(3.0–4.0)
(3.0–4.0)
(1.4–3.3)
(1.3–3.0)

Mean (Standard Deviation)
2

Mitral Annular Area (cm )
Mitral Annular Perimeter (mm)
Anterior Annular Perimeter (mm)
Posterior Annular Perimeter (mm)
Mitral Annular Disjunction Perimeter (mm)
Anteroposterior distance (mm)
Trigone-to-trigone distance (mm)

4. Discussion

10.9 (± 3.2)
125.6 (± 16.9)
31.0 (± 4.3)
94.6 (± 14.7)
32.9 (± 17.1)
28.9 (± 5.4)
28.4 (± 4.1)

Our study shows that it is feasible to detect and evaluate MAD on CT.
We could show that MAD was frequently (7.8 %) found in patients with
severe aortic stenosis planned to undergo TAVR. In these patients, CT
enabled a highly reproducible assessment of MAD with excellent intraand interobserver agreement and small errors. The presence of MAD was
not associated with a higher prevalence of moderate/severe MR or se
vere mitral annular calcification. However, patients with MAD signifi
cantly more often had associated mitral valve prolapse, being present in
19 % of these patients. In our study population, MAD was not associated
with arrhythmia including the need for pacemaker implantation within
30-days after TAVR.
The prevalence of MAD in patients undergoing routine echocardi
ography referred for a variety of reasons is approximately 9 % with a
mean maximum distance of 3.5 mm [9]. Interestingly, Konda et al.
found that MAD was more frequent in patients with an otherwise
“normal echocardiographic study” than in patients with specific cardiac
diseases except for mitral valve prolapse [9]. Our patients showed a
comparable prevalence (7.8 %) and similar extent of MAD with a
maximum distance of 3.5 mm, comprising 34 % of the posterior mitral
annular circumference and 26 % of the overall mitral annular circum
ference. Dejgaard et al. reported a median circumferential MAD extent

Abbreviations: 2CH, left ventricular long-axis 2-chamber view; 3CH,
left ventricular long-axis 3-chamber view; 4CH, left ventricular longaxis 4-chamber view; MAD, mitral annular disjunction.

3.4. Association with mitral valve disease and mitral annular calcification
Moderate or severe MR was found in 107/408 patients (26 %). Se
vere mitral annular calcification was found in 100/408 patients (25 %).
There were no significant differences for moderate/severe MR
(p = 1.00) and severe mitral annular calcification (p = 0.29) between
patients with and those without MAD. Six of the 32 patients (19 %) with
MAD showed mitral valve prolapse, with a significantly higher preva
lence in patients with as compared to those without MAD (6/376 pa
tients, 1.6 %; p < 0.001).
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Fig. 5. Intra- and interobserver reproducibility of MAD distance measurements.
Bland-Altman plots illustrating narrow limits of agreement for intraobserver (Panel A, difference: 0.13 ± 1.08) and interobserver (Panel B, difference: 0.02 ± 0.75)
variability of mitral annular disjunction (MAD) distance measurements.

with an interslice rotation of 30◦ [7]. Using 3D echocardiography, Lee
et al. reported a circumferential mean extent of 87◦ in a cohort with a
predominance of patients with mitral valve prolapse (comprising 2/3 of
the study population) thus showing a similar circumferential extent as in
our study [3].
MAD assessment is usually reported with echocardiography [3–6,9].
Recently, also cardiac magnetic resonance imaging was applied for the
evaluation of MAD [7,30]. Both modalities are well suited for MAD
assessment owing to their capability to visualize the mitral annular and
left ventricular myocardial dynamics. CT provides high spatial resolu
tion, three-dimensional volumetric data for the evaluation of the mitral
annulus and adjacent structures [14,25]. Putnam et al. recently reported
MAD in patients with severe MR and mitral valve prolapse undergoing
cardiac CT for preoperative planning of mitral valve repair [24]. Our
data adds to this study that MAD can be diagnosed not only in retro
spectively ECG-gated cardiac CT data with reconstruction of all phases
throughout the R-R interval [24], but also on a prospectively triggered
high-pitch CT angiography study acquired at end-systole. Of course, the
latter technique may underestimate the extent of MAD as the spatial
displacement of the left atrial wall-mitral leaflet junction and left ven
tricular myocardium is assessable only at a single time-point during
systole. Retrospective CT scanning may allow for the assessment of the
true MAD size but has the disadvantage of a higher radiation dose.
Regarding reproducibility, all non-invasive imaging modalities
described above show similar excellent reproducibility for MAD
assessment and measurements [4,5,9,24], similar to the results from our

Table 3
Arrhythmia before and after transcatheter aortic valve replacement (TAVR).
Before TAVR

without MAD
n = 376

with MAD
n = 32

pvalue

21 (6 %)

0 (0 %)

0.39

75 (21 %)

11 (34 %)

0.12

91 (26 %)

4 (13 %)

0.13

60 (17 %)

6 (19 %)

0.81

After TAVR

without MAD
n = 355

with MAD
n = 32

pvalue

Permanent pacemaker implantation
within 30 days
Atrial fibrillation or
flutter
Type of
Bundle branch block
arrhythmia
Atrioventricular
block

66 (19 %)

4 (13 %)

0.48

58 (20 %)

8 (29 %)

0.33

125 (43 %)

12 (43 %)

1.00

60 (21 %)

7 (25 %)

0.63

Pacemaker
Type of
arrhythmia

Atrial fibrillation or
flutter
Bundle branch block
Atrioventricular
block

Cardiac rhythm was assessed in patients without permanent pacemakers only.
Abbreviations: TAVR, transcatheter aortic valve replacement.

of 150◦ in their cardiac magnetic resonance study of preselected patients
with echocardiography-proven MAD [7]. However, the comparability is
limited as Dejgaard et al. did not use a 3D volume data to measure the
circumferential but acquired 6 left ventricle long-axis cine sequences
6
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study.
New-onset arrhythmia is frequent in patients after TAVR and rep
resents a major determinant of post-procedural morbidity and mortality
[31,32]. In our patients, MAD was not associated with a higher preva
lence of arrythmia both before and within 30-days after TAVR. One
possible reason for this finding might be that MAD usually is more
associated with ventricular but not with supraventricular arrhythmia or
bradyarrhythmia [2]. The latter being more prevalent in patients after
TAVR [31,32].
Dynamically, normal and nondisjunctive annulus contract in a sad
dle shape during systole [15]. In patients with a poor left ventricular
function and functional mitral regurgitation, the mitral annulus is
dilated and relatively adynamic [3]. In contrast, disjunctive annulus
show a paradoxical systolic expansion and flattening, even in patients
with preserved left ventricular function, indicating a functional decou
pling from the ventricle [3]. Severe aortic stenosis and severe mitral
regurgitation frequently coexists [18,19]. Whether mitral valve disease
is independently associated with worse outcomes after TAVR remains a
matter of debate [33]. Evidence-based recommendations and thera
peutic strategies for concomitant severe aortic stenosis and mitral valve
disease including surgical and transcatheter replacement and repair are
still lacking due to insufficient data [28]. In these cases, knowledge of
MAD and its association with mitral valve prolapse and mitral valve
disease [2,8,24] could be helpful for planning surgical and transcatheter
therapies. Moreover, further studies should assess whether the presence
of MAD affects improvement of mitral valve function after patients with
concomitant aortic stenosis and mitral valve regurgitation underwent
TAVR.
Several study limitations merit consideration. First, this was a
retrospective, single-center study, and our study included patients with
severe aortic stenosis planned to undergo TAVR. This limits the gener
alizability of our results to a different patient population. Second, we did
not compare MAD measurements from CT with those from echocardi
ography, as the latter were not performed focusing specifically on MAD.
Finally, we did not evaluate potential associations of MAD with
arrythmia in the long term (but only within 30 days).
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