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Continuing Medical Education

The anatomy of interatrial communications - what does the
interventionist need to know?

Jose Diogo Ferreira Martins,1 Robert H. Anderson2

^Department of Paediatric Cardiology, Hospital de Santa Cruz, Lisbon, Portugal; 2Cardiac Unit, Institute of Child Health,
University College, London, United Kingdom

Abstract Increasingly, the interventional cardiologist is seeking to close interatrial communications by
inserting devices by means of catheterisation. So as to optimise these procedures, it is advantageous to have
a firm grasp of the anatomy of the normal atrial septal structures, this then providing the basis to understand
the morphology of the holes which can exist between the chambers, not all of which are true septal defects.
A true septal structure can be removed without exiting from the cavities of the heart. It is the flap valve of
the oval fossa, along with the anterior rim of the fossa, which fulfill this criterion. The remainder of the
extensive rim of the normal fossa is no more than an infolding between the walls of the right and left atriums
and their venous tributaries, and has different dimensions at various points around the circumference. The
so-called muscular atrioventricular "septum" is a sandwich incorporating a layer of epicardial fibro-adipose
tissue. True defects of the atrial septum, therefore, exist because of deficiency, perforation, or absence of the
flap valve. Most of these defects will prove suitable for interventional closure, but potential caveats include
multiple defects, aneurysm of the flap valve, or adjacency of the fossa to the venous orifices. The other inter-
atrial communications, namely the sinus venosus, coronary sinus, and "ostium primum" defects are outside
the confines of the oval fossa. Recognition of this feature is the key to their diagnosis, and their differenti-
ation from true atrial septal defects. Of these defects, only the coronary sinus defect is likely to be suitable for
device closure, and then only in the very rare circumstances when it is seen in isolation.
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INCREASINGLY, THE INTERVENTIONIST IS SEEKING
to close holes between the atrial chambers so as
to avoid opening the chest. The key to success is

to determine those holes which lend themselves to
non-surgical closure, as opposed to those which
might produce unacceptable difficulties in closure,
or those in which the margins of the defect are
insufficiently discrete adequately to anchor the
device inserted to attempt closure. This, self-
evidently, requires knowledge of the location of
defects relative to the atrial septum. This, in turn,
demands an appreciation of normal septal
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structure. The choice of the device to be inserted
will also depend, on occasion, on the specific
anatomic features of the defect to be closed. Of the
morphological studies carried out with device-
closure in mind, however,1^* only one4 has been
specifically concerned with a device currently in
use. In this review, therefore, we will commence by
describing the normal interatrial septal structures.
We will then give an account of defects within the
oval fossa, suggesting which variants might, on
morphological grounds, be less than optimal for
interventional closure. We will conclude with a
brief review of the structure of the more complex
interatrial communications, namely the sinus
venosus and coronary sinus defects, and the
"primum" variant of atrioventricular septal defects,
showing why, for the most part, these are not
suitable for interventional closure.
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The structure of the normal atrial septum

So as to facilitate our descriptions of interatrial
communications, it is best if we begin by giving an
account of our own understanding of septal struc-
tures. This requires a distinction to be made between
those walls of the heart which directly separate
adjacent chambers, as opposed to folds, or sand-
wiches, which can interpose between the chambers,
but only at the cost of incorporating a layer of extrac-
ardiac adipose tissue.5 Excision of such a fold or
sandwich would produce a communication with the
extracardiac space. A wall which interposes directly
between two chambers, in contrast, can be removed
without exiting from the cavities of the heart. It is the
latter structure which, in our opinion, constitutes a
true septal structure. These distinctions are important
when we consider normal cardiac anatomy.

When the normal right atrium is opened to
permit inspection of its septal surface, it seems at
first sight that there is an extensive area potentially
interposed between the right and left atriums (Fig.
1). In this respect, it is also important to describe the
cardiac structures in attitudinally appropriate orien-
tation.6 When the heart is in the body, the mouth of
the superior caval vein is directly above that of the
inferior caval vein, and the apex of the triangle of
Koch points upwards (Fig. 1). Thus, the superior
rim of the oval fossa is that directly beneath the
mouth of the superior caval vein, whilst the anterior
rim separates the fossa from the triangle of Koch,
with the tendon of Todaro extending through it
(Fig. 1). Sectioning a different heart (Figs 2—A)
shows that much of the apparently septal area,

specifically the larger parts of the rim of the oval
fossa, is composed of either folds or sandwiches. The
true septal wall dividing the cavities of the atriums
is no more than the flap valve of the oval fossa,
together with its supporting muscular anterior rim
adjacent to the triangle of Koch. The flap valve, a
derivative of the primary atrial septum,7 forms the
entirety of the floor of the oval fossa (Fig. 5). The
superior margin of the fossa is a deep infolding of
the atrial walls between the attachments of the
superior caval vein to the right atrium and the
pulmonary veins to the left atrium (Figs 4,5). The
margin of the fossa adjacent to the inferior caval
vein is rarely a discrete structure, while the wall
adjacent to the orifice of the coronary sinus is a
further fold. Only the antero-inferior rim itself,
continuous anteriorly with the area of the atrioven-
tricular muscular sandwich, is a true intracardiac
buttress (Fig. 5). The coronary sinus runs as a
discrete muscular tube within the left atrioven-
tricular groove, with fibroadipose tissue separating
its walls from the posterior wall of the left atrium.8

The commissure of the valves which, in some hearts,
guard the mouths of the inferior caval vein and the
coronary sinus (the Eustachian and Thebesian
valves, respectively) runs from inferiorly through
the anterior rim of the fossa as the tendon of Todaro
(Fig. 3). This area is also called the Eustachian ridge.

Defects within the oval fossa

It is only those holes found within the margins of
the oval fossa which are the true atrial septal defects.
These communications are often called "secundum"

Figure 1.
The right atrium has been
opened to show its septal aspect.
The specimen is orientated in
attitudinally correct position,
with the superior caval vein
directly above the inferior caval
vein, and the apex of the
triangle of Koch directed supe-
riorly. Note the location and
relationships of the oval fossa.
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Figure 2.
This heart has also been opened to show the septal aspect of the right

atrium (compare with Fig. 1). Note the persistent Eustachian valve.

defects, but they exist because of deficiencies of the
flap valve which, as mentioned above, is derived
from the primary atrial septum. In one third of the
normal population, however, the upper margin of
the fibrous flap valve overlaps the infolded antero-
superior rim of the oval fossa without being fused to
it.9 This produces a probe-patent oval foramen.
Such probe-patency does not produce the potential
for interatrial shunting as long as left atrial pressure
is higher than right. It is possible, nonetheless, to
envisage the situation in which either pressure or
volume overload of the atriums could efface the
superior rim of the fossa. This would then produce
an interatrial communication, but one which would
disappear if the cause of overload was removed!, with
disappearance at the same time of the potential for
atrial shunting. This seems to be the most likely
mechanism of so-called spontaneous closure of
interatrial communications, said to occur with some
frequency during the neonatal period.10 Probe-
patent oval foramens can themselves produce
problems in adult life, however, when they can
produce problems for deep-sea divers, or be the
cause of stroke or transient ischaemic attacks. In
these circumstances, they are ideal candidates for
interventional closure.11 It is deficiencies of the flap
valve which are responsible for producing defects
within the oval fossa. Such defects can take one of
three morphologic variants:

• When the flap valve is of insufficient dimensions
to overlap the rim (Fig. 6).

• When the flap valve is perforated or filigreed
(Fig- 7).

Figure 3.
The heart shown in Fig. 2 has

been sectioned across the trans-

verse axis of the oval fossa,

showing the infolding of the

atrial walls antero-superiorly

in relation to the aortic root

(the aortic mound) and postero-

inferiorly relative to the inferior

caval vein.
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Figure 4.
The heart shown in Fig. 2 has been
reconstituted having made the
transverse section shown in Fig. 3,
and sectioned along the orthogonal
axis of the oval fossa. Note the deep
superior infolding beneath the
mouth of the superior caval vein —
the supposed "septum secundum".

Superior rim ^-;: • ^

I

Figure 5.
This adult heart has been dissected to show the structure of the oval

fossa. The thin flap valve is anchored on the firm anterior rim, here

sectioned at the point where it becomes contiguous with the aortic

mound. The superior rim is the deep infolding between the superior

caval and right pulmonary veins.

• When the entirety of the flap valve is virtually or
completely absent (Fig. 8).

When the flap valve is perforated, this self-
evidently results in the presence of multiple defects
within the confines of the oval fossa.

The important morphological questions that
need to be answered by the interventionist concern:

• The dimensions, shape and number.of the defect.
• The adequacy of the rims of the defect which will

hold the device in place.
• The location of the defect relative to the

surrounding atrial structures.

When measuring the dimensions of the defect, it is
usual to consider its two longest orthogonal diam-
eters. The echocardiographic planes best suited for
making these measurements are described in the
accompanying review.12 Usually the defect itself is
ellipsoid, but can be oval when occupying the full
extent of the oval fossa (compare Figs 6 and 8). The
number of defects to be found when the flap valve is
filigreed can vary markedly, and this can be difficult
to determine echocardiographically (see Fig. 7). In
these circumstances, it is probably best to take the
area of the oval fossa itself as the area of the defect.

When considering the adequacy of the rims, and
here again it is necessary to take echocardiographic
measurements,12 it helps to understand their
anatomic nature as discussed and illustrated above
(see Figs 3—5). The anterior rim of the fossa is the
most substantial part of the circumference, since this
is a true septal structure (Fig. 5). This rim is directly
continuous with the area of the muscular atrioven-
tricular sandwich which, although incorporating a
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Figure 6.
This specimen shows a small

elliptical defect between the upper

margin of the deficient flap valve

of the oval fossa and the infolded

superior rim. This would be an

ideal case for device closure.

Figure 7.
The flap valve in this specimen isfiligreed, producing multiple defects

within the oval fossa. In effect, it is the margins of the oval fossa itself

which form the boundaries of the defect.

layer of extracardiac fibro-adipose tissue, also serves
as a solid intracardiac buttress. When measuring in
this area, therefore, dimensions can be judged relative
to the hinges of the atrioventricular valves, which are
usually off-set, with the tricuspid valve attached
closer to the cardiac apex than the mitral valve.
Inferiorly, it is important to measure the distance
between the rim of the fossa and the mouth of the
coronary sinus. This has been considered the shortest
of the rims of the fossa,13 although anatomically the
posterior area of the rim towards the mouth of the
inferior caval vein is least infolded (Fig. 3). At any
event, there is usually a substantial fold adjacent to
the coronary sinus, and drainage of a persistent left
superior caval vein to an enlarged sinus is not usually
perceived as a contra-indication to interventional
closure. As described, the posterior rim is the least
well developed anatomically and, in addition, it is the
hardest to image echocardiographically.4'12 When
assessing this rim, note should also be taken of the
dimensions of the Eustachian valve, if present, since
this can prove an impediment when inserting devices
for closure. When traced superiorly, the posterior rim
deepens markedly towards the termination of the
right inferior pulmonary vein. The proximity of the
defect to this venous structure is an important
feature. In the normal heart, the superior rim of the
defect, representing the area between the attach-
ments of the superior caval vein and the pulmonary
veins to the right and left atriums, respectively, is the
best formed area of the circumference of the oval fossa
(Fig. 5). In the presence of defects within the oval
fossa, however, this superior margin of the rim is
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Figure 8.
In this specimen, the flap valve is
virtually absent. Note that its
remnant is attached anteriorly
to the rim of the defect, which is
oval since it represents the oval
fossa.

often effaced (Fig. 9), particularly in the setting of
anomalous pulmonary venous connections. The
extent of this part of the rim, nonetheless, is easily
measured echocardiographically.12 When traced
anteriorly, the infolded superior rim becomes
continuous with the area of atrial wall adjacent to the
aortic root (Fig. 3). This area is known as the "torus
aorticus", or the aortic mound. It is a shallow
infolding which does not provide much support for
the rims or discs of the devices used for closure. It
would be foolhardy to rely on this margin of the rim
for secure closure. Small crevices are often to be found
in the right atrial wall in this area which can give
problems during echocardiographic examination.12

In terms of the location of the defect, always
when the flap valve is deficient the interatrial
communication itself is between the free border of
the flap valve and the superior rim of the oval fossa
(Fig. 6). In such cases with an extensive persisting
flap valve, a significant part of the inferior wall of
the fossa is the flap valve itself (Fig. 9). This
structure is usually thin and fragile, and may be
perforate, making it less than ideal for providing
firm anchorage for a device in its own right. If this is
considered a problem in the catheterisation labo-
ratory, it would be prudent to consider the bound-
aries of the oval fossa itself as the margins of the
defect, inserting a larger device than would be
calculated on the basis of the extent of the flap
valve, and inserting it lower in the oval fossa. As
indicated, it may also be prudent to use a large
device to block the entirety of the oval fossa when
the flap valve is filigreed, although if two discrete

openings are observed, it may well be feasible to
insert two separate devices. Obviously when the flap
valve is virtually or completely absent, then the area
of the oval fossa is the area of the defect. The worry

1 superior rim

Flap valve

Defect

interior rim

Figure 9-
This oblique cross section through the oval fossa shows how the
superior rim is effaced to large degree in the presence of a deficient flap
valve, which is anchored anteriorly to the rim.
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in these circumstances is that the defect may be too
big to permit safe closure. Even when the defect
occupies the full extent of the fossa, however, the
anatomic findings suggest that the margins of the
defect are usually sufficiently secure to permit
adequate anchoring of the device (Fig. 8). With
regard to other adjacent atrial structures, the
features of note, in decreasing order of importance,
are the right pulmonary veins, the superior caval
vein, the coronary sinus, the atrioventricular valves,
and the inferior caval vein. In this respect, the
location of the fossa itself can also vary markedly
within the overall confines of the right atrium
(compare Figs 10 and 11). It is, of course, a
hazardous exercise to try to predict, on morpho-
logical grounds, those defects which can or cannot
be closed. The proof of the pudding is always in the
eating. For example, the size which would preclude
closure depends on the dimensions of the patient
versus the devices available for attempted closure.
This will best be determined in the catheterisation
laboratory. In the final analysis, therefore, it will be
trial and error, coupled with experience, which will
distinguish the defects which can and cannot safely
be closed.

September 2000

Superior caval \ein

O\al fossa

.-•af' .-â

The sinus venosus defects

These poorly understood defects are difficult to
diagnose.14 Accurate diagnosis, nonetheless, is
important, since the anatomy dictates that, with
presently available devices, they are unsuitable for
interventional closure. This is because the holes are
interatrial communications found outside the

Inferior caval vein

Figure 11.
In this heart, the oval fossa is adjacent to the mouth of the inferior

caval vein — compare with Fig. 10.

Superior caval vein

Superior rim

Oval /
fossa defect Figure 10.

In this specimen, the oval fossa is

adjacent to the mouth of the

superior caval vein.
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confines of the oval fossa. They are found in the
mouth of usually the superior caval vein, and more
rarely the inferior caval vein.15 In all the examples
we have seen, there was associated anomalous
connection of the right pulmonary veins. The key
to diagnosis is that the mouth of the caval vein
overrides the intact rim of the oval fossa (Fig. 12).
The sinus venosus defect, therefore, can co-exist
with a hole within the oval fossa. Indeed, it is not
possible accurately to diagnose these defects unless
it has been shown that the rims of the fossa them-
selves are intact. Because of the overriding, the
walls of the caval vein are attached directly to both
atriums, thus producing an interatrial communi-
cation. In autopsied hearts, it is possible to pass a
probe through the intact superior rim of the oval
fossa without entering the cardiac cavities (Fig. 13).

The coronary sinus defect

This is the rarest type of interatrial communication,
and is usually found with anomalous connection of a
left superior caval vein to the roof of the left atrium.
It exists because of "unroofing" of the normal course
of a persistent left superior caval vein into the left
atrioventricular groove, and thence to the mouth of
the coronary sinus (Fig. 14). The right atrial orifice
of the coronary sinus, in consequence, functions as
an interatrial communication (Fig. 15). It can also
be found, even more rarely, when there is absence of
a patent left superior caval vein. The anatomy
suggests that, if properly diagnosed, it should be
possible to close such holes non-surgically with a
suitable device. In most instances, however, the
defects are part of a more complex malformation, so
opportunities for non-surgical closure will be rare.

Figure 12.
This picture shows the nature of a sinus venosus defect. It is an inter-

atrial communication outside the confines of the oval fossa, and in the

mouth of the superior caval vein (SCV). Note the anomalous connec-

tions of the right pulmonary veins (starred).

Figure 13.
In the heart with a sinus venosus defect shown in Fig. 12, it was

possible to pass a probe through the fibroadipose core of the rim of the

oval fossa, the rim itself forming the floor of the interatrial communi-

cation. Abbreviations as for Fig 12.
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Figure 14.
The right atrium has been opened to show the enlarged mouth of the

coronary sinus, which is functioning as an interatrial communication

(see Fig. 15).

Figure 15.
The left atrial view of the heart shown in Fig. 14 reveals that the
coronary sinus acts as an interatrial communication because of
complete absence of the walls which usually separate the sinus from the
cavity of the left atrium.

The "Ostium Primum" defect

This defect is also a communication between the
atrial chambers outside the confines of the oval fossa,
this time because of atrioventricular septal deficiency
in the setting of a common atrioventricular junction
(Fig. 16). The heart has all the stigmas of atrioven-
tricular septal defects, and the characteristic feature
is binding down of the bridging leaflets to the crest
of the ventricular septum so that there is no potential
for interventricular shunting.1617 Almost always the
bridging leaflets are also joined to each other so that
the common atrioventricular junction is guarded by
separate right and left atrioventricular valves. The
left valve, because of the common atrioventricular
junction, has the typical trifoliate configuration of an
atrioventricular septal defect. Because the inferior
margin of these defects is formed by the bridging
leaflets attached to the ventricular septum, it is

difficult to see how the hole between the atriums
could be closed by insertion of a device without the
device distorting the pattern of closure of the left
atrioventricular valve. Because the integrity of the
left valve is known to be the major determinant of
the success of surgical treatment, it seems unlikely
that non-surgical closure will be attempted for
treatment of the "ostium primum" defect, albeit that
the arrangement of the hole itself would not rule out
such closure.

Conclusion

The success of non-surgical closure of holes between
the atriums is critically dependent on proper
selection of patients, and also selection of the most
appropriate device. The key to this is an appreci-
ation of the structure of the oval fossa and its rela-
tionships to adjacent atrial structures, and the
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Figure 16.
This shows the essence of the "ostium primum" defect. Note that the
atrial septum itself is well-formed, with an intact oval fossa. The
interatrial communication is an atrioventricular septal defect
permitting only interatrial shunting in the presence of a common atri-
oventricular junction.

recognition that the more complex interatrial
communications are found outwith the confines of
this fossa. With increasing experience, and the ever-
increasing improvements of the devices currently
available for closure, it seems that more and more
defects found within the oval fossa will prove
suitable for a non-surgical approach. Of the other
interatrial communications, only the structure of
the coronary sinus defect seems to lend itself to the
potential for non-surgical closure. Isolated defects of
this kind, nonetheless, are exceedingly rare.
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