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Abstract
Objective—To study patients with atrio-
ventricular septal defect to determine the
pathognomonic morphological features of
the lesion and the relation between the
septal structures and the atrioventricular
junction.
Setting —Tertiary level paediatric cardi-
ology centre.
Methods—Cross sectional echocardio-
grams from 60 patients were reviewed
using qualitative and quantitative analy-
sis. The unifying feature was the presence
of a common atrioventricular junction.
The overall dimensions of the septal defect
were determined and related to the plane
of the common junction; the extent of both
the atrial and the ventricular septal com-
ponents was then measured according to
the site of closure of the bridging leaflets.
Results—In 48 cases, the common junc-
tion was guarded by a common valvar ori-
fice, but in 12 cases there were separate
right and left valvar orifices. Irrespective
of the valvar morphology, no significant
diVerence was found between the groups
in terms of the dimensions of the atrial
and ventricular septal components. In all
patients, the hole permitting shunting at
atrial level extended below the plane of the
atrioventricular junction, with a variable
position of the leading edge of the atrial
septum itself.
Conclusions—The atrioventricular junc-
tion is a common structure irrespective of
valvar morphology. In spite of the pres-
ence of unequivocal shunting at atrial
level, the atrial septum is usually a well
formed structure, even extending in some
below the level of the common atrioven-
tricular junction.
(Heart 1999;81:199–205)
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It is now accepted that the key to the anatomy
of atrioventricular septal defects,1 or atrioven-
tricular canal malformations,2 is the complete
absence of those septal structures that form the
core of the normal atrioventricular junction.
The dominant feature, therefore, is a hole at
the centre of the heart, at the expected site of
the atrioventricular fibrous septum and the

muscular atrioventricular sandwich.3 It has also
been shown that, despite the septal deficiency,
the atrial septum itself is of normal
dimensions.4 This is important, because some
textbooks still describe the “partial” form of
the lesion as representing an ostium primum
atrial septal defect,5 illustrating the lesion in the
setting of separate right and left atrioventricu-
lar junctions, as in the normal heart, while oth-
ers similarly argue that the junctional anatomy
is not “in common” in this variant of the
malformation.6 According to our morphologi-
cal observations, however, it is a common
junction that is the pathognomonic feature.1 3 It
is, then, the interrelation of the two leaflets of
the eVectively common valve guarding the
junction which bridges the ventricular septum,
and their relation to the atrial and ventricular
septal structures, that produces the varied ana-
tomical and pathophysiological features within
the group. Although there have been echocar-
diographic and morphological measurements
of the atrial and ventricular septal
components,4 7 we know of none made in life to
determine the extent of these structures
relative to the plane of the atrioventricular
junction. Our objective was to clarify this point
and to confirm the echocardiographic features
pathognomonic for the group overall.

Methods
We analysed cross sectional echocardiograms
retrospectively from 60 patients with atrioven-
tricular septal defect seen over the last three
years at the directorate of paediatrics of the
Royal Brompton Hospital. All echocardio-
grams were obtained with a Hewlett-Packard
200 phased array machine (Hewlett-Packard
Co, Andover, Massachusetts, USA). The
patients, 29 of whom were male and 31 female,
were aged from 11 days to 39 years (mean 5
years) at the time of the examination.

All showed usual atrial arrangement (soli-
tus), and concordant atrioventricular and
ventriculo-arterial connections. No significant
obstruction was present in the outflow tracts of
either ventricle.

Parasternal long and short axis views and
four chamber subcostal long axis and oblique
views were used to define the intracardiac
anatomy,8–10 in particular the insertions of the
bridging leaflets. Colour Doppler was used to
determine the level of intracardiac shunting
(atrial, ventricular, or atrial and ventricular),
and to detect any regurgitation across the
atrioventricular valves. We described the
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number of atrioventricular valvar orifices and
the potential for shunting across the atrioven-
tricular septal defect as separate features in

each heart. The insertion of tendinous cords
anchoring the bridging leaflets to the septum
and the location of the ventricular papillary
muscle were noted, these features determining
the free floating or tethered nature of the
bridging leaflets. The relative size of the ventri-
cles was recorded. When the chambers were of
comparable size, the arrangement was consid-
ered to be balanced.

Right or left dominance was coded when the
commitment of the atrioventricular junction
favoured the right or left ventricle, producing
reduced dimensions of the complementary
ventricle, as seen in apical four chamber
sections.

For quantitative analysis, a frame was frozen
at the same point of the QRS complex recorded
in the simultaneous electrocardiogram. The
frame was selected when the atrioventricular
valvar leaflets were completely closed and
aligned, both atrial and ventricular septa were
seen, and the parietal atrioventricular junctions
could be identified. We took the origin of the
hinge of the valvar leaflets at the parietal fibro-
fatty atrioventricular grooves as marking the
atrioventricular junction. We measured from
the lower edge of the atrial septum to the pre-
viously marked atrioventricular junction (AJ),
and from it to the atrial surface of the superior
bridging leaflet (JB). These two variables
together gave the size of the defect through
which shunting can occur at atrial level (AB).
We also measured from the underside of the
superior bridging leaflet to the crest of muscu-
lar ventricular septum (CD), this dimension
determining the extent of ventricular shunting
when present. We then assessed the location of
the entirety of the atrioventricular septal defect
relative to the plane of the atrioventricular
junction, taking this plane as zero point (fig 1).
All patients were in sinus rhythm. Extrasystolic
and postextrasystolic cycles were excluded.

Results
All patients had a common atrioventricular
junction, defined as the area around which the
atrial myocardium inserted into the crest of the
ventricular muscle mass. This feature distin-
guishes the group from all normal hearts,
which possess separate right and left atrioven-
tricular junctions, and the majority of congeni-
tally malformed hearts, which also possess dis-
crete right and left atrioventricular junctions.
The common atrioventricular junction, how-
ever, was guarded by a common valvar orifice
in only 48 patients (fig 2A and 2B). In the other
12 patients, there were separate valvar orifices
guarding the entrances to the right and left
ventricles, but within a common atrioventricu-
lar junction (fig 3). In those with common
valves, two of the leaflets bridged the crest of
the ventricular septum, with the potential for
interventricular shunting beneath the bridging
leaflets. The bridging leaflets had cordal inser-
tions to the crest of the muscular ventricular
septum in 34 cases. The superior bridging leaf-
let was tethered towards the apical aspect of
ventricular septum, without any direct septal
attachments, in eight cases. It was free floating
in six further patients, being tethered to a

Figure 1 Diagram showing the measurements taken. The plane of the atrioventricular
junction is marked by the broken line (J), and is taken as the zero point in fig 4A and 4B.
Note that in the right hand panel the lower edge of the atrial septum is below the level of the
atrioventricular junction (S). A, lower edge of the atrial septum; B, atrial surface of the
bridging leaflet; C, ventricular surface of the superior bridging leaflet; D, crest of the
muscular septum.
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Figure 2 The junctional arrangement of atrioventricular septal defect with common
atrioventricular valve shown (A) echocardiographically and (B) in a postmortem specimen
from a diVerent patient. AO, aorta; BL, bridging leaflet; LV, left ventricle.
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parietal apical papillary muscle in the right
ventricle. Quantitative and qualitative data of

the groups of patients with common valvar ori-
fice, as opposed to separate right and left valvar
orifices within the common junction, are sum-
marised in tables 1 and 2, respectively.

The location of shunting through the atrio-
ventricular septal defect reflected the relation
between the bridging leaflets and the atrial and
ventricular septal structures. In all 12 cases
with separate right and left valvar orifices,
shunting occurred exclusively at atrial level.
Shunting was predominantly at atrial level in
23 cases with common valvar orifice and both
bridging leaflets tethered to the crest of the
ventricular septum. In 21 patients with a com-
mon orifice, the potential for shunting was pre-
dominantly at ventricular level. In the other
four patients, the potential for shunting was
equal at atrial and ventricular levels. The
ventricles were balanced in 38 cases, and there
was right ventricular dominance in eight and
left ventricular dominance in two.

It proved possible in all the cases to
determine the extent of the atrial and ventricu-
lar components of the atrioventricular septal
defect. In patients with common valvar orifice,
the mean (SD) values for the atrial and
ventricular components were 0.74 (0.59) and
0.72 (0.40) cm, respectively. The mean value
for the size of the entire atrioventricular septal
defect was 1.63 (0.89) cm. In patients with a
common atrioventricular junction but two
separate valvar orifices for the right and left
ventricles, the mean size of the defect, which
permitted shunting only at atrial level, was 0.81
(0.61) cm.

In cases with a common valvar orifice (fig
4A), the mean distance from the lower edge of
the atrial septum to the site of the atrioven-
tricular junction (AJ) was 0.38 (0.45) cm, and
from the junction to the atrial surface of the
superior bridging leaflet (JB) it was 0.42 (0.29)
cm. In patients with separate atrioventricular
valvar orifices for the two ventricles, the
dimensions of the septal defect above and
below the atrioventricular junction were 0.52
(0.51) and 0.55 (0.40) cm, respectively (fig
4B). There was no significant diVerence in
these dimensions between patients with a com-
mon valve and those with separate valvar
orifices.

In the group with common atrioventricular
valve, there were 12 patients (25%) with
shunting at atrial level, but exclusively below
the plane of the atrioventricular junction,
because the atrial septum extended to the plane
of the atrioventricular junction. Indeed, in five
of these, the atrial septum was below the level
of the atrioventricular junction, extending for
0.30 (0.24) cm into the ventricular cavity at the

Figure 3 Comparable echocardiographic cuts (A, B) and
a cross section from the heart of a diVerent patient (C)
showing the junctional arrangement in atrioventricular
septal defect with common atrioventricular junction, but
with separate valvar orifices for the right and left ventricles.
The more distal echo cut (A) shows the common junction
relative to the ventricular septum(s). As shown by the more
proximal cut (B), at the level of the defect itself, the septum
is not seen and the junction is obviously common (between
arrows). This is confirmed by the cut of the postmortem
specimen. AO, aorta; BL, bridging leaflet; LV, left ventricle;
RT AVV, LI AVV, right and left atrioventricular valves; RV,
right ventricle.
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time selected for measurement (fig 5A). These
features were also observed in four patients
(33%) with separate valvar orifices for the right
and left ventricles. In two of these, the septum
reached down to the level of the atrioventricu-
lar junction while in the other two the lower
margin of the septum was below the atrioven-
tricular junction, extending into the ventricular

mass for a distance of 0.18 (0.24) cm (fig 5B).
The diVerences between the two groups were
again non-significant.

In all cases with common valve in which the
leading edge of the atrial septum extended
below the plane of the atrioventricular junc-
tion, tendinous cords attached the superior
bridging leaflet to the crest of the muscular
ventricular septum (Rastelli type A). All had
balanced ventricles. In seven cases with com-
mon valve in which the atrial septum reached
to the level of the atrioventricular junction, five
had attachments to the ventricular septum with
balanced ventricles, but in two cases the leaflet
was tethered by a papillary muscle displaced
down the right ventricular aspect of the septum
(Rastelli type B), albeit still with balanced ven-
tricles.

Discussion
The atrioventricular junctions are the muscular
areas which surround the orifices of the atrio-
ventricular valves. Two such junctions are
found in the normal heart, surrounding the
orifices of the mitral and tricuspid valves. In
such normal hearts, the potential exists for the

Table 1 Quantitative and qualitative analysis of the atrioventricular septal defect with common valvar orifices

Patient AB CD AVSD S AJ JB Type Ventricle

1 0.27 −1.40 0.50 0.10 −0.05 A BAL
2 0.50 −0.50 1.10 0.10 −0.40 A BAL
3 0.20 −0.50 0.80 0.00 −0.20 A BAL
4 0.60 −0.17 0.54 −0.10 −0.57 A BAL
5 0.30 −1.00 1.50 0.10 −0.20 A BAL
6 0.40 −0.30 1.10 0.10 −0.37 C RVD
7 1.00 −0.10 1.47 0.70 −0.35 A BAL
8 1.44 −0.72 2.20 0.56 −0.88 A BAL
9 1.35 −1.10 2.37 1.05 −0.30 B BAL
10 0.20 −0.80 1.50 −0.30 −0.56 A BAL
11 0.37 −0.50 1.00 0.27 −0.10 A BAL
12 1.50 −1.50 3.16 0.46 −1.06 C RVD
13 0.40 −0.45 0.90 0.15 −0.25 B BAL
14 0.75 −0.35 1.20 −0.30 −1.05 A BAL
15 0.25 −0.60 1.25 0.00 −0.25 A BAL
16 0.40 −0.60 1.20 0.00 −0.40 B LVD
17 0.35 −0.30 1.00 0.10 −0.25 A BAL
18 0.40 −1.10 1.60 0.10 −0.30 A BAL
19 1.45 −1.10 2.60 1.35 −0.10 A BAL
20 0.80 −0.60 1.60 0.10 −0.75 A BAL
21 0.70 −0.50 1.25 0.35 −0.35 A BAL
22 3.10 −1.00 4.60 2.20 −0.90 A BAL
23 2.70 −0.60 1.25 0.25 −0.20 A BAL
24 1.30 −0.85 2.10 0.50 −0.60 A BAL
25 0.15 −0.37 1.17 0.00 −0.15 A BAL
26 1.00 −0.80 2.20 0.75 −0.27 C BAL
27 1.00 −0.70 2.20 0.60 −0.40 A BAL
28 0.17 −0.80 1.30 0.00 −0.17 A BAL
29 0.80 −0.60 1.80 0.50 −0.37 A BAL
30 0.10 −0.25 0.80 −0.10 −0.25 A BAL
31 1.20 −2.00 4.00 0.30 −0.90 A BAL
32 1.50 −1.50 3.30 0.56 −1.00 A BAL
33 0.17 −0.50 1.12 0.12 −0.37 B BAL
34 2.40 −0.75 3.50 1.60 −0.80 A BAL
35 0.70 −0.60 1.70 0.50 −0.27 B BAL
36 0.80 −0.25 1.70 0.37 −0.48 A BAL
37 0.47 −1.07 1.80 0.10 −0.37 B BAL
38 0.54 −0.35 1.00 0.37 −0.17 A BAL
39 0.50 −0.80 1.50 0.30 −0.20 B LVD
40 0.30 −0.80 1.50 0.15 −0.20 A BAL
41 0.20 −0.17 0.50 0.17 −0.05 B RVD
42 0.80 −0.80 1.60 0.35 −0.45 C RVD
43 0.50 −0.80 1.00 −0.70 −1.20 A BAL
44 0.30 −0.40 0.90 0.00 −0.30 C RVD
45 0.20 −0.35 0.60 0.00 −0.20 A RVD
46 0.50 −0.90 1.40 0.25 −0.25 C RVD
47 1.10 −0.48 2.05 0.50 −0.60 A BAL
48 0.90 −0.70 1.60 0.50 −0.40 A BAL

Values in cm.
AB, size of the atrial component; AJ, dimension from the level of the atrioventricular junction to lower edge of the atrial septum;
AVSD, size of the atrioventricular defect; BAL, balanced ventricle; CD, size of the ventricular component; JB, dimension from the
plane of the atrioventricular junction to atrial surface of the superior bridging leaflet; LVD, left ventricular dominance; RVD, right
ventricular dominance; S, septum; Type, according to Rastelly classification (A, B, C).

Table 2 Quantitative analysis of atrioventricular septal
defect with two separate valvar orifices

Patient AB S AJ JB

1 0.80 0.48 −0.40
2 0.65 0.37 −0.27
3 0.60 0.37 −0.30
4 0.70 0.30 −0.40
5 0.60 0.00 −0.60
6 1.90 1.20 −0.70
7 0.05 −0.10 −1.70
8 0.75 0.10 −0.60
9 1.72 1.50 −0.20
10 0.20 0.00 −0.20
11 0.20 −0.26 −0.50
12 1.60 0.90 −0.70

Values in cm.
AB, size of the atrial component; AJ, dimension from the lower
edge of the atrial septum to the level of the atrioventricular
junction; JB, dimension from the atrioventricular junction to the
atrial surface of the superior bridging leaflet; S, septum.
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presence of an atrioventricular septum because
of the location of the valvar orifices within the
bases of the ventricular mass. This potentially
septal area is composed of two parts. One is the
fibrous atrioventricular septum; the other is the
atrioventricular muscular septum, strictly a
sandwich because a wedge of extracardiac
fibroadipose tissue interposes between the
atrial and ventricular musculatures throughout
the area. Irrespective of such niceties, this
muscular area—between the oVset hinges of
the mitral and tricuspid valvar leaflets and the
fibrous atrioventricular septum—is totally lack-
ing in so called atrioventricular septal, or canal,
defects. Despite the septal deficiency, however,
the pathognomonic feature of the overall group

of hearts is the presence of a common
atrioventricular junction.1 3 Within this com-
mon junction, there may be a common atriov-
entricular valvar orifice (so called “complete”
defects), or separate right and left valvar
orifices for the right and left ventricles (so
called “partial” defects—or ostium primum
atrial septal defect). In this partial variant,
however, the attachment of the bridging leaflets
to the ventricular septum, which confines
shunting at atrial level, is no longer related to
the atrioventricular junction. This is because of
the deep “scoop” found in the ventricular sep-
tum, with the conjoined valvar leaflets of the
right and left orifices attached along the length
of the scoop. When analysing the so called

Figure 4 (A) Quantitative analysis from a series of patients with atrioventricular septal defect with common
atrioventricular valvar orifices. The point zero corresponds to the level of atrioventricular junction. (B) Similar quantitative
analysis from the series of patients with atrioventricular septal defect and separate atrioventricular orifices for right and left
ventricles. AJ, dimension of the atrial component above the level of the junction; CD, ventricular component; JB, dimension
of the atrial component below the plane of the junction; S, septum.
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“ostium primum” defect, therefore, it is impor-
tant to distinguish between the attachments of
the valvar leaflets and the arrangement of the
junctional myocardium. The valvar leaflets
guard separate right and left atrioventricular
orifices, but within the setting of a common
atrioventricular junction. It is this common
junction which is the key to echocardiographic
recognition.

It is also the case that, traditionally, the atrial
septum was considered to be poorly developed,
its presumed deficiency being considered
responsible for the shunting at atrial level. In an
elegant echocardiographic study, Gutgesell and
Huhta4 showed that the atrial septum was of
normal dimensions. Our study confirms these
findings. Furthermore, we have found that,
using the echocardiographic images estab-
lished by others as diagnostic for the entity,8–10

it is possible to identify precisely the location of
the atrioventricular junctions, and to deter-
mine the levels of the atrial and ventricular

septal components relative to the junction. In
all our patients, irrespective of the presence of
a common atrioventricular orifice or separate
and left atrioventricular orifices, part of the
septal deficiency was below the level of the
atrioventricular junction, despite permitting
shunting at atrial level. This feature was most
obvious in those with separate right and left
valves, in which the displaced bridging leaflets
were firmly tethered to the crest of the
ventricular septum. Furthermore, in one quar-
ter of these cases, we were surprised to find
that, at the point of the cardiac cycle at which
we made our measurements, part of the
muscular atrial septum extended to, or below,
the plane of the atrioventricular junction.
Thus, despite the presence of unequivocal
shunting at atrial level, there was nothing
wrong with the extent of the atrial septum.

The presence of the common atrioventricu-
lar junction is also pertinent to consideration of
those cases that have intact septal structures,
and their distinction from the so called isolated
cleft of the mitral valve.11 12 In those with a
common atrioventricular junction, even if the
septal structures are intact,13 14 there is a trifoli-
ate left atrioventricular valve and a narrowed
left ventricular outflow tract. In those with the
“isolated” cleft, there are separate right and left
atrioventricular junctions, with the subaortic
outflow tract normally located within the left
ventricle. It is knowledge of the relation
between the septal structures and the common
atrioventricular junction that underscores the
appropriate interpretation of the lesions. The
common atrioventricular junction can be
guarded by a common atrioventricular valve or
two valvar orifices without disturbing the basic
structure of the ventricular mass. On the basis
of the observed morphology, there is no justifi-
cation for nominating these two groups as
“complete” and “partial” variants. It is, none-
theless, important to distinguish them clinically
because, self evidently, they have markedly dif-
ferent haemodynamic characteristics.
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IMAGES IN CARDIOLOGY

Left ventricular wall thickening after surgical
correction of anomalous origin of left coronary
artery from pulmonary artery

A 37 year old hypertensive woman was hospital-
ised for evaluation of a heart murmur. Echo-
cardiography showed left ventricular hypertro-
phy with ventricular septum thickness (VST) of
15 mm and left ventricular posterior wall thick-
ness (LVPWT) of 12 mm. Left ventricular mass
index (LVMI) and relative wall thickness (RWT)
were 229 g/m2 and 0.68, respectively. Magnetic
resonance imaging also revealed mild left
ventricular hypertrophy (left). Coronary angio-
graphy showed anomalous origin of the left cor-
onary artery from the pulmonary artery and
severe dilatation of both right and left coronary
arteries. Pulmonary–systemic flow ratio was 2.0.
Surgical correction was performed by direct
reimplantation. One week after surgery, the
patient had exertional dyspnoea. Echocardio-

graphy and magnetic resonance imaging (right)
showed increased left ventricular thickness
(VST, 20 mm; LVPWT, 19 mm). RWT was
profoundly increased to 1.30 and LVMI was
unchanged (226 g/m2). Six months later, left
ventricular wall thickness regressed to the
preoperative size (VST, 16 mm; LVPWT,
12 mm), and symptoms had disappeared.

The left ventricular mass was unaltered,
although the left ventricular cavity size was
substantially reduced and severe left ventricu-
lar wall thickening appeared transiently after
closure of the left to right shunt, presumably
owing to the rapid reduction of left ventricular
volume. The increase in left ventricular wall
thickness caused uncompensated diastolic dys-
function and exertional dyspnoea.
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