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ABSTRACT

Objective: Overriding/straddling of an atrioventricular valve is a consequence of atrial-ventricular septal mala-
lignment. We sought to characterize the malalignment by analogizing it to a flap-door and using structured
approach. Methods: The echocardiograms and magnetic resonance images of 35 patients with overriding/strad-
dling tricuspid or mitral valve were evaluated to assess the following modifiers; the malaligned part of the septum,
the reference structure, and the mechanism, direction and severity of malalignment. Results: The pathology
included classic overriding tricuspid valve in 15, classic overriding mitral valve in 12, and overriding tricuspid
valve with left juxtaposition of atrial appendages in 8. In classic overriding tricuspid valve, the ventricular septum
was hinged to the anterior interventricular groove and its insertion to the posterior interventricular groove was
displaced toward the right ventricle. The VSD primarily involved the inlet but also extended toward the anterior
interventricular groove. In classic overriding mitral valve, the ventricular septum was hinged to the posterior
interventricular groove and crux cordis. Its insertion to the anterior interventricular groove was displaced toward
the left ventricle. The VSD primarily involved the anterior part but also extended toward the inlet. Overriding
tricuspid valve with left juxtaposition of atrial appendages had a mild degree of malalignment with displace-
ment/rotation of the atrioventricular junction. Evenly spaced short-axis images were most helpful in characteriz-
ing the pathology. Conclusions: Overriding/straddling atrioventricular valves can be easily understood by
analogizing the atrial-ventricular septal malalignment to a flap-door and describing the pathology in a structured
manner. Contrary to what has previously been known, the VSD is not limited to the inlet or outlet part of the
ventricular septum.
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1 Introduction

Overriding of an atrioventricular valve is a consequence of malalignment between the atrial and
ventricular septa [1–4]. In the majority of cases, overriding is associated with straddling of the tension
apparatus. With varying severity of malalignment and overriding, the atrioventricular connection ranges
from biventricular to univentricular double-inlet ventricular connection [1,2]. It has been described that
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the tricuspid valve overrides/straddles through a ventricular septal defect (VSD) involving the posterior or
inlet part of the septum, while the mitral valve overrides/straddles through a VSD involving the anterior
or infundibular part of the septum [1,2]. However, the usage of the words ‘posterior’ versus ‘anterior’
and ‘inlet’ versus ‘infundibular’ is inaccurate and misleading [3,5]. It is also important that the
characteristics of the septal malalignment as well as its presence should be described understandably.

Based on our clinical experience and pathological observations, we hypothesize that the atrial-
ventricular septal malalignment causing overriding/straddling of an atrioventricular valve can be better
understood by analogizing the malaligned part of the septum to a flap-door panel that is hinged to the
anterior or posterior interventricular groove (Fig. 1) and can be systematically evaluated by characterizing
the following modifiers [6]:

1. The malaligned part of the septum,

2. The reference structure,

3. The mechanism of malalignment,

4. The direction of malalignment, and

5. The severity of malalignment

Figure 1: Cartoons explaining the flap-door mechanism of the atrial-ventricular septal malalignment. A.
The flap-door panel is hinged to the anterior interventricular groove with the free edge of the door panel
at the back. With the malalignment in such a manner, the posterior insertion of the ventricular septum is
offset from the crux cordis (asterisk). B. The flap-door panel is hinged to the posterior interventricular
groove with the free edge of the door panel in the front. With malalignment in such a manner, the
posterior insertion of the ventricular septum is kept at the crux cordis. AV, aortic valve; MV, mitral valve;
PV, pulmonary valve; TV, tricuspid valve
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The present study was aimed to characterize the pattern of atrial-ventricular septal malalignment using
the flap-door mechanism concept and apply a structured approach to the diagnosis in patients with an
imaging diagnosis of tricuspid or mitral valve overriding/straddling. We also sought to find the most
helpful imaging planes for the diagnosis of overriding/straddling valves and the characterization of the
septal malalignment.

1.1 Definition of Terms
Overriding versus straddling [1,2]: Overriding describes the relationship of the valvar annulus in

relation to the ventricular septum. Overriding of an atrioventricular valve implies that the underlying
ventricular septum is malaligned from the atrial septal plane. Straddling refers to the attachment of the
supporting tension apparatuses in both ventricles. Although overriding and straddling coexist in the
majority, straddling may occur without overriding and overriding may occur without straddling.
Straddling without overriding occurs without septal malalignment.

Tricuspid versus mitral valve: The atrioventricular valves are named by their ventricular designation:
i.e., the valve of the morphologically right ventricle is called the tricuspid valve, and that of the
morphologically left ventricle is called the mitral valve [5]. As the ventricular designation in naming the
valves is not applicable in double inlet right or left ventricle, the valves are commonly named as the right
and left atrioventricular valves [1]. Although this approach is logical, it limits the discussion of the
pathological spectrum transitioning from biventricular to univentricular atrioventricular connection. For
the sake of simplicity, we define the tricuspid and mitral valves as the valves on the sides of the right and
left ventricles, respectively [7]. In hearts with D-loop or right hand pattern of ventricular relationship, the
right atrioventricular valve is called the tricuspid valve and the left atrioventricular valve the mitral valve.
In hearts with L-loop or left hand pattern of ventricular relationship, the right atrioventricular valve is
called the mitral valve and the left atrioventricular valve the tricuspid valve.

Crux cordis: It is an external landmark of the heart where the atrioventricular sulcus is crossed by the
continuation of the posterior interatrial and interventricular groove. In abnormal hearts with atrial-
ventricular septal malalignment, the crux cordis is defined as the point where the posterior interatrial
groove abuts on the atrioventricular sulcus [1,2].

Posteromedian muscle ridge (Also called posteromedial muscle or posterior ridge): In most hearts with
tricuspid valve overriding or double inlet left ventricle, a muscle ridge arises from the posterior wall of the
left ventricle at the junction between the two atrioventricular valvar annuli and extends toward the apex
[1,2,8]. Its origin between the two atrioventricular valvar annuli corresponds to the crux cordis externally.
The presence of the posteromedian muscle ridge as a distinct structure indicates that the inlet part of the
ventricular septum is malaligned in relation to the primum part of the atrial septum. Normally it is
considered to form a part of the ventricular septum. Although the posteromedian muscle ridge is an
intraventricular structure, it has a constant relationship with the atrioventricular valves and therefore the
primum part of the atrial septum in both normal and abnormal hearts [2]. Its presence is best appreciated
in a stack of basal short-axis views as will be shown in the Results.

2 Materials and Methods

The study was approved by the institutional research ethics board. From the institutional database
between 2000 and 2019, patients with the diagnosis of overriding and/or straddling of the tricuspid or
mitral valve were identified. We also identified cases with the tricuspid or mitral valve having chordal
attachment to the ventricular septal crest. We excluded patients with imaging studies of insufficient
quality. We also excluded patients with a major degree of twisting or criss-crossing of the atrioventricular
connection axes. A major degree of twisting was defined as the situation when neither the long nor the
short axes of the two atrioventricular valves were able to be visualized in the same two dimensional
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imaging planes. Three investigators reviewed the images to reach a consensus regarding the severity of
overriding, the disposition of the tension apparatuses, and the characteristics of the septal malalignment
and VSD.

Assessment of overriding of an atrioventricular valve: A stack of images obtained across the short-axis
of the atria and ventricles along with images obtained at and parallel to the four-chamber planes were used for
the diagnosis and grading of the severity of atrioventricular valve overriding. The severity of overriding was
classified into 4 grades according to the overriding valvar area: i.e., ≤25%, 26%–50%, 51%–75% and >75%
of the valve committed to the opposite ventricle.

Assessment of the characteristics of the ventricular septal malalignment: The 5 modifiers of septal
malalignment listed in the introduction were defined. The reference structures for this assessment
included the atrial septal plane and the crux cordis as defined above. We classified the mechanism of the
ventricular septal malalignment into three types: (1) malalignment with the hinges along the anterior
interventricular groove, (2) malalignment with the hinges along the posterior interventricular groove, and
(3) any other mechanism (Fig. 1). The severity of the malalignment was defined by the angle formed by
the atrial and ventricular septum: ≤30°, 31°–60° and >60° of malalignment graded as mild, moderate and
severe malalignment, respectively.

3 Results

We identified 35 patients with an overriding/straddling atrioventricular valve who had appropriate
echocardiograms for retrospective assessment. In 29 patients, cardiovascular magnetic resonance (CMR)
was also available. There were 23 (13 females, 10 males) with overriding/straddling tricuspid valve and
12 (4 females, 8 males) with overriding/straddling mitral valve. The visceral situs was solitus in all
23 with overriding/straddling tricuspid valve and 8 of 12 with overriding/straddling mitral valve,
heterotaxy in 3 and inversus in one.

The distribution of patients according to situs, ventricular relationship and affected atrioventricular valve
is summarized in Tab. 1. Eight with situs solitus and D-loop ventricles were associated with left juxtaposition
of the atrial appendages and showed distinctly different findings as compared to the rest of the patients.
Therefore, the study population was divided into three groups: (1) Classic tricuspid valve overriding/
straddling, (2) Classic mitral valve overriding/straddling, and (3) Tricuspid valve overriding/straddling
with left juxtaposition of the atrial appendages.

3.1 Classic Overriding/Straddling Tricuspid Valve (n = 15)
All 15 showed malalignment of the ventricular septum relative to the atrial septal plane that could be

explained by the flap-door mechanism illustrated in Fig. 1A. The anterior interventricular groove was

Table 1: Patient distribution according to the situs and the type of the ventricular relationships

Tricuspid valve (23) Mitral valve (12) Total

Ventricular relationship D-loop L-loop D-loop L-loop

Situs solitus 20 (8*) 3 5 3 31

Situs inversus – – 1 – 1

Heterotaxy 2** 1*** 3

Total 20 3 8 4 35
*Cases having left juxtaposition of the atrial appendages.
**One with classic right isomerism and one with atrial and bronchopulmonary right isomerism and polysplenia.
***Bronchopulmonary situs inversus with interrupted inferior vena cava and polysplenia.
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aligned closely with the atrial septal plane, while the posterior interventricular groove was displaced toward
the side of the right ventricle (rightward in 12 with D-loop ventricles and leftward in 3 with L-loop
ventricles), resulting in offset between the posterior interventricular groove and the crux cordis (Fig. 2).
The posterior medial part of the tricuspid valve was the primary part of overriding with the anterior
aspect overriding less or not overriding. The severity of overriding was ≤25% in 7, 26%–50% in 3, 51%–

75% in 3, and >75% in 2. Therefore, there was biventricular atrioventricular connection in 10
(concordant in 9 and discordant in 1) and double inlet left ventricle in 5. The posteromedian muscle ridge
was identified in basal short-axis images as a separate spur-like structure along the posterior wall of the
left ventricle between the tricuspid and mitral valve inflows in all except one who had mild septal
malalignment and minimal overriding of the tricuspid valve. The straddling part of the tricuspid valve
was supported by the papillary muscle located in the apex of the left ventricle near the posteromedian
muscle ridge in 12. The remaining 3 had chordal insertion of the tricuspid valve to the left ventricular
side of the ventricular septal crest with minimal overriding. The tricuspid valve had chordal insertion to
the outlet septum in 8. The VSD was larger posteriorly along the posterior interventricular groove than
anteriorly at the great arterial origin(s). The ventriculoarterial connection was concordant in 6, discordant
in 6, double outlet right ventricle in 2, and single outlet with absent main pulmonary artery in 1. All
3 with L-loop ventricles had discordant ventriculoarterial connection. The outlet septum was aligned with
the rest of the ventricular septum in 6 with concordant or discordant ventriculoarterial connection. The
outlet septum was malaligned in relation to the rest of the ventricular septum in 6. The outlet septum was
absent in 2 with pulmonary atresia.

3.2 Classic Overriding/Straddling Mitral Valve (n = 12)
This group consisted of 5 with situs solitus and D-loop ventricles, 3 with situs solitus and L-loop

ventricles, 1 with situs inversus and D-loop ventricles and 3 with hetrotaxy. The mitral valve straddled
and overrode the ventricular septum in all except one who had straddling without overriding.

Eleven with overriding mitral valve showed malalignment of the ventricular septum relative to the atrial
septal plane that could be explained by the flap-door mechanism illustrated in Fig. 1B. The posterior
interventricular groove was aligned with the atrial septum at the crux cordis, while the insertion to the
anterior interventricular groove was displaced toward the side of the left ventricle (leftward in 7 with
D-loop ventricles and rightward in 4 with L-loop ventricles) (Fig. 3). The anterior medial part of the
mitral valve was the primary part of overriding with the posterior aspect overriding less or not overriding.
The severity of overriding was ≤25% in 3, 26%–50% in 3, 51%–75% in 4, and >75% in 1. Therefore,
there was biventricular atrioventricular connection in 6 (concordant in 2, discordant in 2 and mixed in 2)
and double inlet right ventricle in 5. The posteromedian muscle ridge was not a separate muscular ridge
in any of these patients. The straddling part of the mitral valve was supported by a separate papillary
muscle that was inserted to the anterior apical aspect of the right ventricle in 8. The mitral valve had
duplicate orifices with the anterior orifice committed to the right ventricle and the posterior orifice
committed to the left ventricle in one (Fig. 4). The chords inserted to the anterior aspect of the right
ventricular side of the septum and to additional papillary muscles in the right ventricle in one. The mitral
valve had normally positioned anterolateral and posteromedial papillary muscles in the left ventricle in all
except 2 with double inlet right ventricle including one with double orifice mitral valve. The VSD was
larger anteriorly than posteriorly. However, the VSD extended toward the inlet along the tricuspid and
mitral valve annuli in all. All had double outlet right ventricle except one with heterotaxy and right
isomerism. The outlet septum was free floating in the right ventricular outflow tract in all 10 with double
outlet right ventricle. In these patients, the outlet septum was in the same plane with or close to the atrial
septal plane. In 4 with double outlet right ventricle with situs solitus and concordant atrioventricular
connection, the VSD was closer to the left-sided pulmonary valve. Three of these patients had
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subpulmonary stenosis and one had subaortic stenosis. There was subpulmonary stenosis in 3 additional
patients and subaortic stenosis in one additional patient. One had pulmonary atresia.

The patient with straddling mitral valve without overriding did not show significant septal malalignment
with the chords of the anterior leaflet inserting to the right ventricular aspect of the septum below the VSD.

Figure 2: Short-axis MR images from 4 patients with overriding/straddling tricuspid valve. Three panels on
the left show the cases with various severity of overriding in the setting of situs solitus and D-loop ventricles.
Right hand panel shows the case occurring in the setting of situs solitus and L-loop ventricles. The location of
the crux cordis/posteromedian muscle ridge is marked with an asterisk. The direction and degree of the
malalignment is marked with a curved arrow in the third row figures. Note the increasing separation of
the two structures with increasing severity of overriding. AV, atrioventricular; LA, left atrium; LV, left
ventricle; MV, mitral valve; RA, right atrium; RV, right ventricle TV, tricuspid valve
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3.3 Overriding Tricuspid Valve Occurring with Left Juxtaposition of the Atrial Appendages (n = 8)
There was a mild degree of atrial-ventricular septal malalignment with the tricuspid valve displaced

upward and slightly leftward in relation to the mitral valve in all (Fig. 5). As a consequence, the
atrioventricular valves with the adjacent atrial septum appeared rotated clockwise as seen from the apex.

Figure 3: Short-axis MR images from 4 patients with overriding/straddling mitral valve. Three panels on the
left show the cases with various severity of overriding in the setting of situs solitus and D-loop ventricles.
Right hand panel shows the case occurring in the setting of situs solitus and L-loop ventricles. The
location of the crux cordis is marked with an asterisk. The direction and degree of the malalignment is
marked with a curved arrow in the second row figures. The ventricular septum inserts to the posterior
interventricular groove that is aligned with the crux cordis. The anterior interventricular groove is
deviated toward the side of the left ventricle in relation to the atrial septal plane in all cases. AV,
atrioventricular; LA, left atrium; LV, left ventricle; MV, mitral valve; RA, right atrium; RV, right ventricle
TV, tricuspid valve
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There was mild overriding of the anterior medial part of the tricuspid valve through the VSD involving the
anterior aspect of the inlet part of the septum. The VSD did not reach the crux cordis in any of these patients.
The posterior interventricular groove was aligned with the atrial septal plane at the crux cordis in all. Two had
chordal insertion of the overriding tricuspid valve to the ventricular septal crest. No patient had overt straddling
of the tricuspid valve. The tricuspid valve was hypoplastic in 3. The ventriculoarterial connection was double
outlet right ventricle with the outlet septum free floating in the right ventricular outflow tract in 6. Two had
discordant ventriculoarterial connection with pulmonary valve atresia.

3.4 Imaging Planes Best Showing Mitral Valve Overriding and Straddling
The primary diagnosis of overriding and/or straddling atrioventricular valve was made at the

echocardiography using 4-chamber and parasternal long-axis oblique views. Among various imaging
planes, serial short-axis planes extending from the atrium to the ventricular apex were most helpful in
defining the presence and severity of the atrial-ventricular septal malalignment, the degree of overriding
and the nature of straddling of an atrioventricular valve. The short-axis images across the ventricular
outflow tracts were also most helpful in defining the ventriculoarterial connection and the relationship of
the VSD to the subpulmonary and subaortic outflow tracts. The 4-chamber and other horizontal long axis
views were helpful in visualizing the straddling tension apparatuses. The distance from the ventricular
septal crest to the annulus of the overriding valve in these views varied according to the location of the
imaging plane. Therefore, it was not possible to assess the severity of overriding using these views alone.

Echocardiograms were far superior to MRI in demonstration of the chordae tendinae and their insertion
sites (Figs. 4 and 5). On the other hand, it was much easier and objective with CMR than with
echocardiograms to characterize the septal malalignment (Figs. 2, 3 and 5).

4 Discussion

The tricuspid and mitral valves override the ventricular septum through the different types of VSD [1,2],
implying different underlying mechanisms of atrial-ventricular septal malalignment. Our study provides the
new insights into the characteristics of atrial-ventricular septal malalignment and the VSDs in overriding/
straddling tricuspid and mitral valves.

Figure 4: Echocardiograms in short and long axis of the heart showing straddling mitral valve with double
orifices. The posterior interventricular groove (asterisk) is aligned with the plane of the atrial septum and crux
cordis (not shown). The anterior interventricular groove (x) is displaced toward the side of the left ventricle
(LV). The left ventricle is moderately hypoplastic. LA, left atrium; M1and M2, mitral valve orifices; MPA,
main pulmonary artery; TV, tricuspid valve
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Figure 5: Short-axis MR images and echocardiograms in coronal and 4-chamber planes (lower two panels
on the left) from a patient with left juxtaposition of the atrial appendages. The atrioventricular (AV) junction
appears rotated clockwise as seen from the apex. The atrial septum is malaligned from the plane of the
ventricular septum. Echo images show mild overriding of the tricuspid valve. The VSD involves the
anterior part of the inlet septum and does not reach the posterior interventricular groove (X). LA, left
atrium; LAA, left atrial appendage; LV, left ventricle; RA, right atrium; RAA, right atrial appendage; RV,
right ventricle
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4.1 Hinged Door Analogy for Ventricular Septal Malalignment
The atrial-ventricular septal malalignment can be conceptualized by analogizing the ventricular septum

to a door panel that is hinged to either the anterior or the posterior interventricular groove (Figs. 1 and 6) [6].
In classic tricuspid valve overriding, the ventricular septum is hinged to the anterior interventricular groove
and its insertion to the posterior interventricular groove is displaced toward the side of the right ventricle. In
mitral valve overriding, the ventricular septum is hinged to the posterior interventricular groove and its
insertion to the anterior interventricular groove is displaced toward the side of the left ventricle. These
different mechanisms explain the distinctly different morphologic features between the hearts with
tricuspid valve overriding and those with mitral valve overriding. In both conditions, there is a spectrum

Figure 6: Cartoons of the flap-door mechanisms explaining the spectrums of the overriding tricuspid and
mitral valves in the setting of situs solitus and D- and L-loop ventricles. The crux cordis is marked with
an asterisk. CCTGA, congenitally corrected transposition of the great arteries; DILV, double inlet left
ventricle; DIRV, double inlet right ventricle; LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle; TGA, transposition of the great arteries
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of overriding resulting in atrioventricular connection ranging from biventricular connection to double inlet
right or left ventricular connection [1,2,8] (Fig. 6). It is also important to note that the ventricular relationship
and the location and boundary of the VSD varies according to the severity of atrial-ventricular septal
malalignment.

4.2 Classic Tricuspid Valve Overriding
The atrial-ventricular septal malalignment is most severe posteriorly at the crux cordis and gradually

becomes less severe anteriorly (Fig. 2) [3]. The posterior interventricular groove is offset from the crux
cordis toward the side of the right ventricle. The VSD is more conspicuous posteriorly and less
conspicuous anteriorly. The posterior medial aspect of the tricuspid valve is the primary site of
overriding/straddling. With an increasing degree of malalignment, the ventricular septum becomes more
horizontally oriented with the ‘posterior’ interventricular groove displaced superiorly and laterally away
from the crux cordis, which is typically seen in hearts with double inlet left ventricle. Depending on the
severity of malalignment, the VSD is bordered by different structures. The VSD may appear a
perimembranous defect and confined to the inlet part when there is a mild degree of malalignment. With
an increasing degree of malalignment, the VSD leaves the expected location of the membranous septum
and extends toward the anterior interventricular groove. At the severest form, the VSD is bordered by a
complete muscular margin. Previous studies also showed that overriding/straddling tricuspid valve was
associated with various forms of VSD [3,5], supporting our observation and interpretation. As the outlet
septum is an anterior structure aligned with or close to the anterior interventricular groove, it is only
mildly displaced with minimal or mild encroachment of the right ventricular outflow tract. However, it
can also be overtly malaligned from the rest of the septum when there is an additional associated
conotruncal malformation such as tetralogy of Fallot or double outlet right ventricle.

4.3 Classic Mitral Valve Overriding
The atrial-ventricular sepal malalignment is most severe anteriorly along the anterior interventricular

groove and gradually less severe posteriorly (Fig. 3). The ventricular septum inserts to the crux cordis
where the interatrial and posterior interventricular grooves are aligned. The VSD is more conspicuous
anteriorly and less conspicuous posteriorly. Although the major part of the VSD may appear anteriorly
located, the VSD also extends toward the inlet along the mitral and tricuspid valves (Fig. 3) [1].
Therefore, describing the VSD in mitral valve overriding/straddling as an infundibular or anterior VSD
by earlier investigators [1,2] is inaccurate and misleading [3,5]. The primary site of overriding/straddling
is the anterior medial aspect of the mitral valve. With a lesser degree of overriding, the VSD may appear
a perimembranous defect. With a greater degree of overriding, the VSD is at a significant distance from
the membranous septal region. In a severe form, the mitral valve can be entirely committed to the right
ventricle and the VSD is bordered by a completely muscular margin. As the ventricular outlet is not the
primary site of malalignment, there is an offset alignment between the malaligned anterior part of the
ventricular septum and the outlet septum. With gradually increasing degree of malalignment, the
ventriculoarterial connection transitions from discordant or concordant connection to double outlet right
ventricle. Reported cases show that the ventriculoarterial connection is most commonly double outlet
right ventricle, less frequently discordant, and rarely concordant [1,4]. The outlet septum when present is
usually free-floating in the right ventricular outflow tract with its lower edge not fused to the VSD margin.

4.4 Taussig-Bing Malformation and Mitral Valve Overriding/Straddling
When overriding/straddling mitral valve is associated with double outlet right ventricle or transposition

in the setting of situs solitus and concordant atrioventricular connection, the VSD is usually located close to
the left-sided pulmonary outflow tract. Because of the hemodynamic similarity, hearts with this combination
have been described as Taussig-Bing malformation with mitral valve overriding/straddling [1,4,9–11].
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However, it should be understood that Taussig-Bing malformation is associated with malalignment of the
outlet or infundibular septum in relation to the rest of the ventricular septum, while double outlet right
ventricle with mitral valve overriding/straddling is associated with malalignment between the atrial and
ventricular septa (Fig. 7) [12,13]. In addition, mitral valve overriding/straddling is frequently associated
with pulmonary outflow tract obstruction, whereas classic Taussig-Bing malformation is frequently
associated with aortic outflow tract obstruction [4,5,10]. Although both conditions share a common
feature of the VSD in subpulmonary location, they are fundamentally different pathological entities.

4.5 Double Orifice Tricuspid and Mitral Valves with Straddling
A straddling tricuspid or mitral valve infrequently has two orifices that are supported by their own

tension apparatuses (Fig. 4) [3,14–16]. The two orifices may have various degrees of commitment to the
underlying ventricles. The hearts with one orifice remaining in the ventricle of its origin and the other
orifice committed to the other ventricle are described as double outlet right or left atrium [3,13–15].
Rarely, the valve tissue dividing the two orifices may be firmly attached to the ventricular septal crest,
leaving no interventricular communication.

Figure 7: Classic Taussig-Bing malformation versus double outlet right ventricle in association with
straddling mitral valve. In Taussig-Bing malformation, the VSD (D) is confined to the outlet part of the
septum. In mitral valve straddling with double outlet right ventricle, the VSD extends toward the inlet
along the tricuspid (TV) and mitral (MV) valves. The anterior interventricular groove is deviated toward
the side of the left ventricle (dotted arrow in right lower panel) with its posterior insertion kept at the
crux cordis (asterisk in right upper panel). The subpulmonary outflow tract (SP) is stenotic in mitral valve
straddling. In Taussig-Bing malformation, the subaortic outflow tract (SA) is narrow. LV, left ventricle;
OS, outlet septum; RV, right ventricle
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4.6 Atrial-Ventricular Septal Malalignment in Atrioventricular Septal Defects
A common atrioventricular valve overrides and straddles the ventricular septum regardless of the given

atrioventricular connection except for rare occasions where it is completely committed to one ventricle.
Therefore, ‘overriding’ and ‘straddling’ are of a different significance in the context of a common
atrioventricular valve. However, the so-called unbalanced atrioventricular sepal defect may show
malalignment between the atrial and ventricular septa that is comparable to the malalignment seen with
overriding/straddling tricuspid or mitral valve [1] (Fig. 8).

4.7 Tricuspid Valve Overriding in Left Juxtaposition of the Atrial Appendages
The tricuspid valve overriding/straddling may be associated with left juxtaposition of the atrial

appendages [5,17,18]. Displacement of the major part of the right atrium is associated with abnormal
position of the tricuspid valve and abnormal orientation of the atrial septum (Fig. 5). Our 8 patients
consistently showed a clockwise rotation of the atrioventricular junction as seen from the apex. As the
underlying ventricular septum is less severely displaced than the atrial septum, there is a mild degree of
malalignment between the two resulting in a VSD with tricuspid valve overriding. In contrast to the
classic cases of tricuspid valve overriding, the VSD in these patients involved only the anterior part of the
inlet septum and did not reach the crux cordis (Fig. 5). Overriding was invariably minimal with no
straddling. Only 2 patients had chordal attachment to the ventricular septal crest. The tricuspid valve is
often hypoplastic [5]

4.8 Disposition of the Tension Apparatus in Classic Straddling Tricuspid and Mitral Valves
The disposition of the tension apparatus is not only variable but also difficult to assess with existing

imaging tools. Although our study does not provide accurate information regarding the tension
apparatuses, there are a few general features to emphasize.

The tricuspid valve and its tension apparatus appear to retain their usual positions in relation to the
atrium that they belong to, while it is the underlying ventricular septum that moves around. The tension
apparatus of the straddling part of the tricuspid valve is attached to the posterior medial aspect of the left
ventricular wall, the posterior median muscle ridge or the left ventricular aspect of the septum [2]. The
straddling tricuspid valve often has an additional chordal insertion to the outlet septum.

When the mitral valve straddles, the primary part of straddling is supported by an additional tension
apparatus that is inserted to the ventricular septal crest, the right ventricular aspect of the septum or the
right ventricular wall. It may also insert to the medial papillary muscle of Lancisi. On the other hand, the
anterolateral and posteromedial papillary muscles keep their usual positions in relation to the atrium. With
a greater severity of ventricular malalignment toward the left ventricle, the anterolateral papillary muscle
may become a right ventricular structure. In the severest form, both anterolateral and posteromedial
papillary muscles belong to the right ventricle, and the left ventricle remains as a slit of cavity posteriorly
at the corner of the crux cordis without papillary muscles.

4.9 Imaging
Echocardiography plays a primary role in the diagnosis of overriding/straddling tricuspid or mitral valve

[3,4,19–21]. A four-chamber plane and tailored long-axis planes appear the most commonly used imaging
planes. However, precise assessment of the nature and severity of the septal malalignment and valve
overriding requires short-axis images [3,4]. En-face view of the atrioventricular junction using 3D
echocardiography allows precise determination of the relationship of the overriding valve annulus to the
ventricular septum [21]. The stack of short-axis images also provides the information regarding the
disposition of the papillary muscles. While short-axis imaging at echocardiography is often limited, CMR
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provides unlimited choice of orientation for imaging planes that are evenly spaced and strictly parallel to each
other. Echocardiography and CMR are complementary.

Figure 8: Atrial-ventricular septal malalignment in a patient with unbalanced atrioventricular septal defect
(AVSD). The ventricular septum is hinged to the anterior interventricular groove. Its insertion to the posterior
interventricular groove is offset from the plane of the atrial septum and the crux cordis (asterisk) and
displaced toward the side of the right ventricle (dotted arrow). Note the similarity between this case and
the case shown in Fig. 2 second column. As the atrioventricular valve is a common valve, there is no
posteromedian muscle ridge formed
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4.10 Study Limitations
This retrospective study is limited by small numbers of each group of patients and lack of

accurate surgical or pathological correlation. The study population does not reflect the whole cohort of a
large referral center in this retrospective study that included the cases with adequate image quality only.
The concept that we introduce in this paper is the general rule and does not apply to all cases. Examples
of exception to these rules include twisted or criss-cross hearts, which are often associated with
overriding/straddling atrioventricular valves [1,4,5]. The atrioventricular junction in this particular
pathology is different in every individual case and hard to conceptualize.

5 Conclusion

Overriding/straddling tricuspid and mitral valves constitute spectrums of abnormal atrioventricular
connection ranging from biventricular connection to double inlet right or left ventricular connection. The
pathological constellations of overriding/straddling valves can be easily understood by analogizing
the malaligned part of the ventricular septum to a flap-door panel hinged to the anterior or posterior
interventricular groove and describing the modifiers of malalignment. Contrary to what has
generally been known, the VSD is not limited to inlet or outlet part of the ventricular septum. While
echocardiography is the primary diagnostic modality, CMR plays an important complementary role.
Evenly spaced stacks of images in short-axis plane provide objective and accurate information regarding
the nature and severity of the septal malalignment, the severity of overriding, and the disposition of the
tension apparatus.
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