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WE DESCRIBE A PATIENT WITH STRADDLING

and overriding of the tricuspid valve, but
in the absence of any significant ventricu-

lar septal defect. The patient had two normally sized
ventricles, and the morphologically mitral valve was
cleft. The anomaly involving the morphologically 
tricuspid valve has been described as “double-orifice
right atrium”, but this can be morphologically and
embryologically confusing. It is our intention to
emphasise the unique elements seen in our patient.
We discuss the distinction of clefting of the mor-
phologically mitral valve from the zone of apposition
between the left ventricular components of the
bridging leaflets as seen in atrioventricular septal
defect with common atrioventricular junction, the
latter feature often described erroneously as a “cleft”.
We also discuss the uncommon association of the true
cleft of a morphologically mitral valve with the right-
sided anomalies encountered in our patient.

Case report

A 15-year-old girl was admitted for surgical treatment
of mitral regurgitation. Echocardiography revealed

that the regurgitation was due to a cleft in the aortic
leaflet of the mitral valve being directed towards the
aortic root without any features of atrioventricular
septal defect with common atrioventricular junction
(Figs 1 and 2). There was no sub-aortic obstruction.
The membranous interventricular septum was seen to
be long and thin, seemingly, formed mainly by appo-
sition of the septal leaflet of the tricuspid valve to
the muscular septum (Fig. 2a). A very small peri-
membranous ventricular septal defect was present.

Intraoperative examination confirmed clefting of
the aortic leaflet of the mitral valve, the cleft compo-
nents being unsupported by tendinous cords (Fig. 1b).
Surgical interrogation also revealed the unusual aspect
of the right atrium often described surgically as
“double-outlet right atrium”. There were two discrete
orifices within the morphologically tricuspid valve.
The first orifice, located anteriorly, superiorly, and to
the right, opened to the morphologically right ventri-
cle, and was made up in essence of a single large
antero-superior leaflet, with a small fenestration in
the leaflet. The second orifice, positioned postero-
inferiorly and to the left, entered the left ventricle. It
possessed two leaflets, which were attached to a papil-
lary muscle in the left ventricle, close to the annulus,
and posterior to the sub-aortic outflow tract, being
unrelated to any of the tendinous cords supporting the
leaflets of the mitral valve. The two orifices in the
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tricuspid valve were separated by a tongue of fibrous
tissue almost entirely adherent on the muscular crest
of the ventricular septum. There was a small ventri-
cular septal defect below the antero-superior part of
this tongue (Fig. 2b). Although probably compe-
tent, because it connected in the left ventricle, we
closed the left orifice of the tricuspid valve as well as
the ventricular septal defect. The cleft in the aortic
leaflet of the mitral valve was sutured. Recovery was
uneventful.

Discussion

The atrioventriculars junctions constitute a complex
region of the heart, being the site of many combi-
nations of anomalies. In this respect, the term “double-
outlet right atrium”, often used to describe a

malformation of the right atrioventricular junction,
is imprecise, since it does not reflect all the possible
combinations. It has been described as a right
atrium opening in two different ventricles through a
straddling tricuspid valve without any ventricular
septal defect, on the basis that simple straddling of
the tricuspid valve is always associated with a ven-
tricular septal defect. Should the atrioventricular
junctions be discordantly connected, however, dou-
ble-outlet from the right atrium would be associated
with straddling of the morphologically mitral valve.1

Furthermore, in the setting of a common atrioven-
tricular valve, with malalignment of the atrial and
ventricular septums, “double-outlet right atrium”
can occur through a common atrioventricular valve.2

“Double-outlet right atrium” can also coexist in com-
bination with absence of the left atrioventricular

(a) (b)

Figure 1.
A transthoracic echocardiographic short axis view of the mitral valve shows a cleft in the aortic leaflet. The surgical view of the valvar orifice
confirms the presence of the cleft in the otherwise normal aortic leaflet of the mitral valve (MV). The edges of the cleft are thickened. The direc-
tion of the cleft is toward the aortic orifice.

(a) (b)

Figure 2.
A transesophageal echocardiographic view of the tricuspid valve (a) shows a long and thin membranous septum formed by the septal leaflet of
the valve (1). The cleft in the aortic leaflet of the mitral valve is well seen (2), as well as the malalignment of the atrial and ventricular sep-
tums. The surgical view of the right atrioventricular valve (b) reveals the presence of dual orifices. The right-sided orifice is close to the aster-
isk (*), where a small fenestration is seen, the valvar orifice communicating with the right ventricle. The other orifice, close to the “X”,
communicated with the left ventricle. A magnified view of the tip of the small papillary muscle inserted in the left ventricle is shown in the right
upper corner. ICV: inferior caval vein; SCV: superior caval vein.

1504-15.qxd  6/20/05  7:11 PM  Page 423

https://doi.org/10.1017/S1047951105000879 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951105000879


424 Cardiology in the Young August 2005

connection, then being one form of the rare uniatrial
but biventricular connection.3 In this setting, strad-
dling and overriding of the morphologically tricus-
pid valve appears to offer the best way description.

In our patient, the orifice of the morphologically
tricuspid valve was split by a tongue of fibrous tis-
sue, thus creating dual orifices within the right atrio-
ventricular junction. Uncommonly, however, each
orifice opened to a separate ventricle. Futhermore,
the bridge of valvar tissue dividing the orifices was
partly attached to the crest of the muscular ventricu-
lar septum, incompletely closing an inlet ventricular
septal defect. Isomatsu et al.4 have previously reported
a case of straddling tricuspid valve, in which a poten-
tial ventricular septal defect was probably closed by
a tongue of valvar tissue connected to the crest of the
ventricular septum. In our case, a very small ventric-
ular septal defect still existed beneath this fibrous
band, albeit that the other aspects of the tricuspid
valve were very similar to those described by the
Japanese workers.4

The essence of straddling of the morphologically
tricuspid valve is ventriculo-atrial septal malalign-
ment. In a postmortem study, Pessotto et al.5 found
a much wider ventriculo-atrial septal angle, with a
median superior to 60 degrees, in the setting of the
lesion they called “double-outlet right atrium” when
compared to normal hearts, in which the median
angle was 6 degrees. The malaligned ventricular sep-
tum is displaced under the normal tricuspid orifice,
creating the condition for straddling of the valvar
tension apparatus. Such displacement is well seen in
our case (Fig. 2b), but with normal ventriculo-atrial
angulation.

Another embryological hypothesis to explain “dou-
ble-outlet right atrium” with hypoplasia of the right
ventricle can be incomplete rightward displacement
of the developing atrioventricular junctions. Prior to
the completion of ventricular septation, the embry-
onic atrioventricular canal is positioned so as to open
exclusively into the developing left ventricle. Normal
development includes successive steps leading to a
rightward displacement of the right atrioventricular
orifice. Straddling of the tricuspid valve may be an
intermediate pattern between double-inlet left ventri-
cle and a normal heart.6 A hypoplastic apical part of
the right ventricle is typically found in this setting of
failure of normal transfer of the right atrioventricular
junction,5,6 but this feature was not noted in our case.

A so-called “cleft” of the left-sided atrioventricular
valve is often considered to be part of atrioventricular
septal defect with common atrioventricular junction.
This morphological entity, in reality the zone of appo-
sition between the left ventricular components of the
leaflets that bridge the ventricular septum in the atrio-
ventricular canal defect, needs to be distinguished

from a cleft in an otherwise normal mitral valve. The
morphology of these two different features is well
described.7,8 In hearts with a common atrioventricular
junction, the so-called “cleft”, in reality the space
between the bridging leaflets, is directed towards the
muscular ventricular septum, and associated with an
underdeveloped left mural leaflet of the common valve
and papillary muscles rotated in counter-clockwise
direction. In the “isolated” cleft of the morphologically
mitral valve, the arrangement of the papillary muscles
is normal, the mural leaflet of the mitral valve is nor-
mally developed, and the cleft is directed towards the
aortic root.

The combination of anomalies of the tricuspid valve
seen in our patient, specifically straddling and over-
riding with dual orifices, each orifice opening in a ven-
tricle of normal size with a residual inlet ventricular
septal defect, and its association with an “isolated”
cleft of the mitral valve, is unusual. It raises many
questions, not least about the embryological origin
of the valvar leaflets.9,10 We are anxious to hear of
others who may have had similar experiences.
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