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Aims Mitral annular disjunction is fibrous separation between the attachment of the posterior mitral leaflet and the basal
left ventricular myocardium initially described in dissected hearts. Currently, it is commonly evaluated by echocar-
diography, and potential relationships with mitral valve prolapse and ventricular arrhythmia have been suggested.
However, controversy remains as its prevalence and extent have not been fully elucidated in normal living subjects.

...................................................................................................................................................................................................
Methods
and results

Systolic datasets of cardiac computed tomography obtained from 98 patients (mean age, 69.1 ± 12.6 years; 81%
men) with structurally normal hearts were assessed retrospectively. Circumferential extent of both mitral leaflets
and disjunction was determined by rotating orthogonal multiplanar reconstruction images around the central axis
of the mitral valvar orifice. Distribution angle within the circumference of the mitral valvar attachment and maximal
height of disjunction were quantified. In total, 96.0% of patients demonstrated disjunction. Average distribution
angles of the anterior and posterior mitral leaflets were 91.3 ± 9.4� and 269.8 ± 9.7�, respectively. Average distribu-
tion angle of the disjunction was 105.1 ± 49.2�, corresponding to 39.0 ± 18.2% of the entire posterior mitral valvar
attachment. Median value of the maximal height of disjunction was 3.0 (1.5–7.0) mm. Distribution prevalence map
of the disjunction revealed characteristic double peaks, with frequent sites of the disjunction located at the anterior
to antero-lateral and inferior to infero-septal regions.

...................................................................................................................................................................................................
Conclusion Mitral annular disjunction is a rather common finding in the normal adult heart with bimodal distribution predomin-

antly observed involving the P1 and P3 scallops of the posterior mitral leaflet.
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Introduction

Mitral annular disjunction is a separation between the atrial wall-
mitral valve junction and the left ventricular attachment,1 initially
described using the dissected hearts. In 1986, Hutchins et al.1 indi-
cated potential relationship between disjunction and floppy mitral

valve using 900 autopsied hearts. However, their finding could not be
replicated. Rather it was rebutted by Angelini et al.,2 who concluded
the disjunction was an anatomical variation of the normal morpho-
logical characteristics. Although these studies are commonly cited as
initial studies related to this peculiar structural anatomy, it is not the
case. In 1876, Henle3 had already illustrated disjunction (Figure 1)
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..with the term ‘Faserring’ and ‘Filum coronarium’ representing
‘Fibrous ring’ and ‘Coronal filament’ in English, respectively. This
‘Filum coronarium’ or ‘Filum of Henle’ was also referred to by
Zimmerman4 in 1966 and McAlpine5 in 1975 with their own images
(Figure 1). McAlpine, by citing both Henle and Zimmerman’s publica-
tions, preferred to describe disjunction as ‘subvalvular segment of the
aorto-ventricular membrane’ or ‘subvalvular membrane’,5 though.
Importantly, all of Henle, Zimmerman, McAlpine, and Angelini et al.
seemed to show disjunction as normal findings.2–5 On the other
hand, Hutchins et al.1 as well as recent clinical studies using echocardi-
ography,6–13 cardiac magnetic resonance imaging,12,14 and cardiac
computed tomography,15 showed potential relationships between
disjunction and mitral valve prolapse1,2,6–10,12–16 and left ventricular
tachyarrhythmia.7,12,16 This controversy9,17 is, in part, owing to the
lack of comprehensive data of three-dimensional (3D) distribution of
mitral annular disjunction in normal living hearts. Accordingly, the ac-
tual prevalence and extent of mitral annular disjunction has yet to be
clarified even in the normal hearts, which prohibits the precise under-
standing of what is normal and what is abnormal. In this study, we
aimed to investigate the prevalence and extent of mitral annular dis-
junction in the structurally normal adult heart by multiplanar recon-
struction of the datasets obtained from cardiac computed
tomography.

Methods

Study population
We checked datasets of consecutive 1270 patients (63% men) who
underwent cardiac computed tomography between January 2015 and
December 2019 in Kobe University Hospital, Japan. Out of these data-
sets, we excluded 806 patients without systolic images, as disjunction can-
not be precisely evaluated during diastole with the opening mitral valvar
leaflets (Figure 2).6,17 Furthermore, 141 patients with mitral annular calcifi-
cation, 68 patients with a history of open cardiac surgery, 27 patients with

significant mitral regurgitation, 42 patients with severe aortic valvar sten-
osis, 14 patients with left ventricular dilatation and/or dysfunction, 8
patients with congenital heart disease, and 66 patients with poor image
quality were excluded although they had systolic datasets. As a result, 98
patients were finally enrolled in the analysis. The study was approved by
the institutional ethics committee of Kobe University Graduate School of
Medicine.

Computed tomography
All acquisitions were performed using commercially available dual-source
computed tomographic scanners (SOMATOM Force, Siemens
Healthcare, Forchheim, Germany) with a standard protocol of prospect-
ive or retrospective electrocardiography-gated cardiac computed tomog-
raphy. All images were acquired during a deep inspiratory breath-hold,
using the parameters of tube voltage of 70–120 kV; tube current modu-
lated with automated exposure control, a gantry rotation of 250 ms, and
a temporal resolution of 66 ms. All images were reconstructed at best-
systole to obtain optimal images of the coronary arteries. The axial image
data were reconstructed by the following parameters: a section thickness
of 0.6 mm, an interval of 0.3 mm, a field of view of 24 cm, and a matrix of
512� 512.

Image reconstruction and measurement
To evaluate the distribution angle of mitral leaflets and disjunction, the mi-
tral orifice plane was carefully set by creating the plane involving the fol-
lowing three points using the multiplanar reconstruction method; infero-
septal commissure, supero-lateral commissure, and attachment of the
centre of the posterior (or mural) mitral leaflet (Figure 3). Each commis-
sure is important to assess the circumferential distribution of the poster-
ior mitral leaflet as the disjunction is exclusively related to this leaflet.
Each commissural point is determined by scrolling the multiplanar left
ventricular short-axis image to locate the points where the edge of the
anterior (or aortic) mitral leaflet/aortic-to-mitral fibrous continuity
becomes apart from the left ventricular outflow tract (Figure 3), with also
referring to orthogonal images. These bilateral commissural points ap-
proximately correspond to the distal end of both right and left fibrous
trigones (Figure 3). After fixing these two points, the last third point is set

Figure 1 Images from publications of Henle, Zimmerman, and McAlpine. Henle’s illustration (left panel) clearly shows samples with (left) or without
(right) disjunction. Zimmerman’s illustration (central panel) shows lateral and medial disjunctions. McAlpine cited both publications in his textbook.
McAlpine’s photograph (right panel) demonstrates extensive disjunction using transillumination. Images are reproduced from Refs3–5 with permis-
sions. All annotations were added by authors. Illustration courtesy of UCLA Cardiac Arrhythmia Center, Wallace A. McAlpine MD collection (right
panel).
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..at the attachment of the centre of the P2 scallop to produce the mitral
orifice plane as the reference. By estimating an ellipsoid to this fixed mitral
orifice plane, the central point was defined. Along the virtual central axis
penetrating this central point perpendicularly, orthogonal sections were
rotated to observe the entire circumference of the mitral valvar attach-
ment (Figure 3), especially focusing on the posterior mitral leaflet.
Disjunction was defined as separation between the attachment of the mi-
tral leaflet and the basal left ventricular myocardium. We measured ex-
tent of the disjunction without placing any threshold value as long as it
could be detected in those orthogonal sections. The anterior direction of
the orthogonal plane bisecting the centre of both commissures was set as

0� with incremental value in degrees along with clockwise rotation. This
orthogonal plane to 0� was, therefore, cutting through the aortic root
and the infero-lateral free wall of the left ventricle in the opposite 180�

direction, showing an image corresponding to the transthoracic echocar-
diographic parasternal long-axis section. The circumferential extent of
the mitral leaflets and disjunction was then determined. When disjunction
was observed, the number of disjunction segments with its maximal
height were quantified (Figure 3). To assess the distribution pattern of the
disjunction, distribution prevalence maps were created by showing the
cumulative incidence of the distribution angle in each 0–359� circumfer-
ence. Long and short radii of the mitral orifice were determined by

Figure 2 Echocardiographic images of disjunction. Serial transthoracic echocardiographic images (upper panels). Disjunction (yellow arrows) at the
infero-lateral region is visible during systole. Lower panels show transesophageal images showing disjunction (yellow arrows) at the subvalvar region
supporting the P1 scallop of the posterior mitral leaflet. Red triangles indicate the left circumflex artery. The sectional plane is replicated using cardiac
computed tomography obtained from the same patient. The difference in spatial resolution and field of view is evident.
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.
measuring the shortest distance between the central point and mitral val-
var attachment using multiplanar reconstruction images orthogonal to
the mitral orifice plane. Images were analysed using a commercially avail-
able workstation (Ziostation2 version 2.4.2.3, AMIN Co., Ltd., Tokyo,
Japan, Ziosoft Inc., Tokyo, Japan).

Statistical analysis
Continuous variables with normal distribution and categorical variables are
expressed as mean ± standard deviations and percentages, respectively.
Continuous variables with non-normal distribution are expressed as a me-
dian (minimum value-maximum value). For the randomly selected 20
patients, intra-observer and inter-observer reliabilities for the measure-
ments of distribution angle of disjunction were assessed by two observers
with 4 (H.T.) and 8 (Y.I.) years of experience in analysis of cardiac com-
puted tomographic imaging, and the intra-class correlation coefficient was
calculated. All statistical analyses were performed using commercially avail-
able software (JMP 11.2.1; SAS Institute, Cary, NC, USA).

Results

At the time of acquisition of images during cardiac computed tomog-
raphy, the mean heart rate was 73.9 ± 15.1 bpm. Mean

reconstruction phase, mean effective radiation doses, and mean con-
trast material volume were 32.7± 5.5% of the R–R interval,
12.5 ± 27.7 mSv, and 56.0± 24.7 mL, respectively. The clinical charac-
teristics of the patients are listed in Table 1. In the study cohort, the
mean age was 69.1 years, 81% of patients were men, and the mean
body mass index was 23.4 kg/m2.

Table 2 shows computed tomographic measurements. Ninety-
four of 98 cases (96%) have disjunction. Mitral annular disjunction
was predominantly present at both septal side and lateral side of the
posterior leaflet in 78 cases (80%) in continuity with both right and
left fibrous trigones, respectively. In 16 cases (16%), disjunction was
located at either lateral or septal side. Only four cases (4%) showed
no disjunction. The distribution angles, representing the circumferen-
tial extent of the structures of interest; of the disjunction, anterior mi-
tral leaflet, and posterior mitral leaflet were 105.1± 49.2�,
91.3 ± 9.4�, and 269.8 ± 9.7�, respectively. Distribution angle of the
disjunction corresponded to 39.0± 18.2% of entire attachment of
the posterior mitral leaflet. Median value of the maximal height of the
disjunction was 3.0 (1.5–7.0) mm.

The distribution prevalence map (Figure 4) shows the frequent
sites of disjunction. To correlate with echocardiographic

Figure 3 Qualitative measurements of distribution and height of disjunction using computed tomography. Serial multiplanar reconstruction images
focusing on short-axis images of the left atrioventricular junction showing the mitral orifice plane (upper middle panel) with its adjacent basal (upper
left panel) and apical (upper right panel) planes during systole. The mitral orifice plane was created to involve the supero-lateral commissure (green
circle), infero-medial commissure (yellow circle), and centre of the attachment of the P2 scallop. The bilateral commissure point can be determined
using these serial images. Yellow dashed line A–C corresponds to multiplanar reconstruction images orthogonal to the mitral orifice plane (lower pan-
els). The white circle indicates the central longitudinal axis of rotation.
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segmentation of the left ventricle, the plane between the antero-
septal and anterior segment is estimated to be 15� clockwise from
the original 0� plane. The distribution prevalence map showed a char-
acteristic bimodal shape with frequent sites of disjunction found at
the inferior to infero-septal regions (87.8%), followed by anterior to
antero-lateral regions (77.5%), and the infero-lateral region (11.2%),
in association with the attachment of the posterior mitral leaflet. The
long and short radii of the mitral orifice were 18.0 ± 2.0 mm and
12.3± 1.8 mm, respectively.

Figure 5 shows representative 3D virtual dissection images showing
disjunction at the bilateral attachment of the posterior mitral leaflet,
corresponding to the P1 and P3 scallops, reconstructed using com-
puted tomographic data. Attachment of the P2 scallop is located at
the infero-lateral left ventricular free wall, with no disjunction. Three-
dimensional morphology of the localized disjunction at the P1 scallop
took a shape of a subvalvar pocket-like recess (Supplementary data
online, Movie).

Figure 6 shows representative gross anatomical and histological
images of disjunction prepared from the structurally normal heart,
supporting the precision of the observation by Henle in 1876
(Figure 1).

Excellent intra-observer and inter-observer reliabilities were con-
firmed for the measurements of distribution angle of disjunction, as
evident in the values of intra-class coefficients of 0.9987 and 0.9647,
respectively.

Discussion

Mitral annular disjunction is characterized by partial separation of the
attachment of the posterior mitral leaflet, or mural leaflet of the mi-
tral valve, from the left ventricular myocardium. Whatever terms
have been used, including filum coronarium,3,4 subvalvular mem-
brane,5,18 disjunction,1,2,6–17,19,20 subvalvular collar,18 and subvalvular
curtain,21 the structural anatomy in topic is a part of the so-called fi-
brous skeleton of the heart.4,18 The anterior mitral leaflet, or aortic
leaflet of the mitral valve, is unaffected as it is not related to the left
ventricular mural muscular component. Rather, the anterior leaflet is
exclusively in continuity with the aortic root by the fibrous aortic-to-
mitral continuity,22,23 supported by both right and left fibrous trig-
ones bilaterally. This study revealed, first, that mitral annular disjunc-
tion was a common finding in normal subjects, observed in 96% of
the cohort. Second, the median value of the maximal height of dis-
junction was 3.0 mm. Third, distribution of the disjunction corre-
sponded to approximately two-fifths of the attachment of the
posterior mitral leaflet. Last, the disjunction showed a characteristic
bimodal distribution pattern in continuity with bilateral commissures
of the posterior mitral leaflet, corresponding to inferior to infero-
septal region (P3 scallop), and anterior to antero-lateral region (P1
scallop).

.................................................................................................

Table 1 Baseline characteristics

Variables n 5 98

Age, years 69.1 ± 12.6

Women, n (%) 19 (19)

Body height, cm 163.3 ± 10.1

Body weight, kg 62.8 ± 13.7

Body mass index, kg/m2 23.4 ± 3.7

Hypertension, n (%) 61 (62)

Dyslipidaemia, n (%) 63 (64)

Diabetes mellitus, n (%) 34 (35)

Previous percutaneous coronary intervention, n (%) 26 (27)

Previous coronary artery bypass grafting, n (%) 25 (26)

Haemodialysis, n (%) 2 (2)

Atrial fibrillation, n (%) 24 (24)

Indication of cardiac computed tomography, n (%)

Multiple risk factors 11 (11)

Atypical chest pain 10 (10)

Abnormal electrocardiogram 13 (13)

Effort angina pectoris 18 (19)

Follow-up after percutaneous coronary intervention 8 (9)

Follow-up after coronary artery bypass grafting 17 (17)

Presurgical evaluation (aortic aneurysm) 12 (12)

Preprocedural evaluation (atrial fibrillation) 5 (5)

Others 4 (4)

Background cardiac disease, n (%)

Normal 45 (46)

Ischaemic heart disease 43 (44)

Valvar heart diseasea 2 (2)

Others 8 (8)

aInvolving a case with moderate aortic regurgitation and a case with moderate tri-
cuspid regurgitation.

.................................................................................................

Table 2 Computed tomographic measurements

Variables

Distribution angle, �

Mitral annular disjunction 105.1 ± 49.2

Anterior mitral leaflet 91.3 ± 9.4

Posterior mitral leaflet 269.8 ± 9.7

Number of disjunction segment, n (%)

0 4 (4)

1 16 (16)

2 78 (80)

Maximal height of the mitral annular disjunction, mm

Septal (range) 3.3 (1.5–7)

Lateral (range) 2.7 (1.5–5.7)

Total (range) 3.0 (1.5–7)

Frequent site of mitral annular disjunction, %

Anterior to antero-lateral 77.5

Infero-lateral 11.2

Inferior to infero-septal 87.8

Antero-septal 0

Mitral annular diameter, mm

Long radius 18.0 ± 2.0

Short radius 12.3 ± 1.8
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Measurement of the mitral annular
disjunction
In diastole, the diagnosis of disjunction cannot be made because the
ventricular myocardium is appropriately situated under the mitral val-
var attachment,17 and the opened leaflet disturbs precise evaluation
of the relationship between the posterior mitral valvar attachment
and the left ventricular myocardium (Figure 2). During systole, as the
myocardium contracts, the disjunction becomes obvious, allowing
the precise measurements (Figure 2), from a few millimetres to some-
times more than 1 cm.6,17 In the living heart, echocardiography and
cardiac magnetic resonance have been commonly used to detect dis-
junction.6–14,16 Although cardiac computed tomography has limita-
tion in dynamic evaluation, its high spatial resolution with wide field
of view (Figure 2) merits the precise 3D evaluation. Evaluation using a
sectional plane orthogonal to the mitral orifice is particularly import-
ant, regardless of either analysis using dissection or living hearts.16,17

The parasternal long axis image commonly used to detect disjunc-
tion7,9,11,13 is nothing but a single plane evaluation of the structure
commonly distributed in three-dimensional fashion. It may overlook
disjunction, even more so, as the prevalence of disjunction in the

infero-lateral segment is low (Table 2, Figure 4). Without a 3D evalu-
ation, it might be misleading to correlate disjunction with a specific
etiology involving the mitral valve or left ventricle.

Controversies in mitral annular
disjunction
Although the disjunction itself is not a novel but rather conventional
anatomical finding,1–5 it has received recent increased focuses, and
controversy still arises and/or remains.

The major controversy is the prevalence in normal subjects, which
is an important issue to conclude whether disjunction is a pathologic-
al finding or not. In contrast to earlier descriptions2–5 describing dis-
junction within the context of normal anatomy, which is supported
by the present result with a 96% prevalence, much lower frequencies
have been reported as 6.5–37.3% by dissection,1,21 12% by trans-
thoracic echocardiography,8,9 6.7% with 3D transoesophageal echo-
cardiography,10 and 22% by transthoracic echocardiography or
cardiac magnetic resonance imaging.12

The extent of its distribution in normal subjects is another poten-
tial controversy. We confirmed characteristic double peaks at the

Figure 4 Distribution prevalence map. The left panel shows the schematic diagram of the mitral valvar orifice viewed from the apical direction. The
mitral valvar orifice was divided into six segments based on standard echocardiographic segmentation. A plane bisecting the bilateral commissural
points was set as 0�. Blue curves suggest representative locations of the bilateral disjunction. Green and yellow circles denote supero-lateral and
infero-medial commissures, respectively. The white circle indicates the central longitudinal axis of rotation. The right panels are distribution preva-
lence maps of disjunction (upper panel), the anterior mitral leaflet (middle panel), and the posterior mitral leaflet (lower panel), showing characteristic
double peaks in distribution of disjunction limited to the posterior mitral leaflet.
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..bilateral attachments of the posterior mitral leaflet with an average
distribution angle of 105.1�. The bilateral prominent distribution of
disjunction is compatible with the description by Henle3 and

Zimmerman.4 Henle3 described that the length of the left coronal fila-
ment (Figure 1), representing lateral disjunction, hits at most about 1/
6 of the circumference of the mitral valvar attachment. Nayak et al.21

Figure 5 Virtual dissection images showing disjunction. The left panel shows a mitral orifice image viewed from the apical direction during systole.
The white dashed lines A and B correspond to the sectional plane A and B in the middle panels. Yellow dashed curves indicate coaptation of the mitral
leaflets. The right panel is the sectional plane B viewed from a more apical direction to look into the localized subvalvar recess, created by the lateral
disjunction. The white dashed curve denotes the circumferential extent of the lateral disjunction apical to the P1 scallop, which is also evident in the
left panel (Supplementary data online, Movie). L, left coronary aortic leaflet; N, non-coronary aortic leaflet; R, right coronary aortic leaflet.

Figure 6 Gross anatomical and histological images of disjunction. Referring to the left panel in Figure 1, these panels show how precise the
observation by Henle in 1876 was.
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.
focused on the medial disjunction, which measured 4–21 mm using
dissected hearts. The distribution angle of disjunction was reported
as 150� by cardiac magnetic resonance12 and 87� by 3D transoeso-
phageal echocardiography.10 McAlpine5 showed disjunction as a
more extensive entity, nearly encircling the entire attachment of the
posterior mitral leaflet (Figure 1).

In addition to difference in patients’ cohort, various factors, includ-
ing differences in definition of the disjunction (with or without thresh-
old values), spatial resolution of the measurements, evaluation
method (2D or 3D), sample status (cadaveric or living heart), and use
of transillumination would affect these diverse results. Thresholds to
define the disjunction have been set arbitrarily.9,10,12 If the threshold
is set higher, the prevalence and extent should be counted lower.
Echocardiographic evaluation is generally more challenging due to its
limited spatial resolution and field of view. Without evaluation of the
entire circumference of the posterior mitral valvar attachment, the
prevalence will be underestimated. Even if the entire circumference
is focused on, if evaluation was made every 30�,12 it may not reflect
the precise distribution. Evaluation using a dissected heart, including
histology, cannot be exactly identical to that of the blood-filled hearts
in situ. The dissection process itself cannot avoid distortion of the
sample. Transillumination may overestimate the extent of disjunction,
as is often the case in the evaluation of the membranous septum.

The present result utilizing an imaging modality with superior spa-
tial resolution supports disjunction is a common component of the
normal architecture,2–5 providing the fibrous basement supporting
the hinge of the posterior mitral leaflet. Disjunction rarely encircles
the entire attachment of the posterior mitral leaflet3–5 as there is no
complete ring-like connective tissues supporting the overall attach-
ments of the leaflet.2

Association with mitral valve prolapse
Certain cases with disjunction may be closely linked to mitral valve
prolapse,1,6–10,12–16 which can be surgically corrected.6 Although fur-
ther investigations without confounding factors are still required,24

mitral valve prolapse and disjunction may also be associated with ven-
tricular arrhythmia.7,12,14,16,25 Interestingly, the height of the disjunc-
tion with a median value of 3.0 mm in our normal cohort seems to be
shorter than that reported in the cases with mitral valve pro-
lapse,6,7,9,10 showing an average value of 5.2–10 mm. Furthermore,
the height of disjunction is longer in mitral valve prolapse patients
with ventricular arrhythmia (8.0 mm) than in those without
(6.6 mm).25 Although difference in methods of assessment should be
taken into account, this discrepancy may suggest exaggerated disjunc-
tion in certain pathological conditions. We have no idea if this poten-
tial exaggeration in disjunction height is an acquired or congenital
phenomenon, or whether it is also accompanied with change in its
distribution angle. Even if such disjunction with extensive height is
detected in a 2D single plane, if it has only a few millimetres in its cir-
cumferential extent, then it could hardly affect the motion of the cor-
responding scallop. Three-dimensional distribution and extent,
mechanism, optimal threshold value, and natural course of both nor-
mal and pathological disjunction need further investigations to both
distinguish the two entities as well as figure out optimal strategies to
manage a case with mitral valve prolapse combined with pathological
disjunction.20 Furthermore, mitral valve prolapse is nothing but a
crude classification indicating a characteristic pathological

morphology of the mitral leaflet, potentially involving various underly-
ing conditions affecting the papillary muscles, tendinous cords, mitral
leaflets, and/or mitral valvar attachment. For example, therefore, it
would not be appropriate to analyze disjunction in cases with fibroe-
lastic deficiency and Barlow’s disease within the single context of mi-
tral valve prolapse. Further focus on each background etiology
should be required in future studies.

Clinical implications
Anatomically, regardless of its extent, disjunction represents localiza-
tion of the fibrous thin wall within the high-pressure left ventricle.
Thus, it should be a high-risk area during any invasive approach per-
formed involving this region, including radiofrequency catheter abla-
tion,26,27 mitral valve surgery,28,29 and transcatheter mitral valve
replacement.30 Cardiac interventionists and surgeons should be fa-
miliar with variation in this anatomy and the relationship to the cir-
cumflex coronary artery and coronary sinus. It would be difficult to
detect disjunction during any catheter intervention or even in an
open-heart surgery with limited field of view. Although the adjacent
thick adipose tissue of the atrioventricular groove potentially works
as a buffer (Figure 6), damage to this region may induce cardiac tam-
ponade, epicardial hematoma, or submitral left ventricular pseudoa-
neurysm.26–29,31 For example, during the catheter ablation of an
accessory pathway or ventricular arrhythmia, getting the catheter
stuck within this pocket-like recess (Figure 6) may induce fast increase
in tissue temperature combined with significant impedance drop. If
higher tissue temperatures are achieved too fast, vaporization with
the subsequent gas formation may occur, leading to the steam pop
phenomenon,26,32,33 which refers to the audible sound produced by
intramyocardial explosion when tissue temperature reaches
100�C.33 This steam pop phenomenon can induce critical complica-
tion such as cardiac perforation, even more so if it occurs at the thin-
ner part of the myocardium. In addition to the membranous
septum,34 left ventricular outflow myocardium supporting the left
coronary aortic sinus,35 left ventricular apex,36 and interleaflet trian-
gles,22 appreciation of the mitral annular disjunction as one of the thin
regions within the left ventricle is vital for every cardiac healthcare
professionals. Preprocedural analysis of distribution and extent of the
disjunction may be indicated to reduce inadvertent complications.
Outcome studies focusing on the impact of disjunction on surgical
and transcatheter interventions are also required.20

Study limitations
Our study is not without limitations. The single-centre retrospective
design, with the need for substantial exclusions, does not allow us to
eliminate selective bias. Actually, our final cohort includes women in
only 19%. Second, this study was composed of a Japanese population
with an average body mass index of 23.4 kg/m2. The present values
need careful interpretation when compared with non-Asian popula-
tions. Third, even cardiac computed tomography may miss the dis-
junction under its spatial resolution. Last, this study was composed of
cases with a structurally normal heart without mitral valvar disease.
Investigations of pathological disjunction, if any, are our next topic of
investigation.
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..Conclusions

Mitral annular disjunction was a common finding in patients with nor-
mal mitral valves, distributing with characteristic double peaks pre-
dominantly observed at bilateral sides of the posterior mitral leaflet.
This anatomical information will help improve current appreciation
of disjunction and enhance further comprehensive investigations of
disjunction found in pathological conditions.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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