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Cross sectional subcostal echocardiography:
atrioventricular septal defects and the short axis cut
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SUMMARY A short axis echocardiographic cut of the heart from the subcostal approach was used

to study the atrioventricular junction in 47 infants and children with congenital heart disease and
20 with normal hearts. Examination of the diastolic openings of both atrioventricular valves was
able to establish normal developments of the valves and annuli even when this was found in cases

of complex congenital heart disease. In 30 patients with atrioventricular septal defects the tech-
nique distinguished between a partial defect (when the two atrioventricular valves were linked
transseptally) and a complete defect (when there was only one atrioventricular valve). A range of
atrioventricular attachments was seen in these patients.

Short axis echocardiography from the subcostal approach reliably identifies different forms
of atrioventricular septal defects by defining the anatomy of the atrioventricular valves during
maximal diastolic expansion.

The echocardiographic evaluation of atrio-
ventricular septal defects' was initially carried out
by M mode echocardiography.2 4 Cross sectional
echocardiography, however, gives more information
and is more accurate.5-7
There has been extensive anatomical analysis

of the different forms of this cardiac mal-
formation.8' 0 This information"1 -13 has led to an
understanding of the echocardiographic features of
the lesion,"415 but identification of the different
types of atrioventricular septal defect continues to
be difficult.'6- 18

In hearts with an atrioventricular septal defect
both atrioventricular valves may be attached to the
interventricular septum at the same level, forming
two valves and two annuli, or there may be a single
atrioventricular valve with one annulus common to
both atria and both ventricles. It is possible to iden-
tify these two forms by examining the attachment of
the atrioventricular valve(s) to the septum in a four
chamber view.'9 There are, however, intermediate
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forms of the lesion in which the leaflets of a common
atrioventricular valve are tethered to the septum.20
Sutherland etaal2 and Medina etal22 used M mode
echocardiography from the subcostal approach in an
attempt to improve identification of the intermediate
forms. The M mode echocardiogram gave only a
limited display of the cardiac anatomy that was
difficult to understand.
We have used cross sectional short axis cuts of the

heart at the level of the atrioventricular junction to
examiine more accurately the normal atrioventricular
valve structures and to identify various forms of
atrioventricular septal defect.

ECHOCARDIOGRAPHIC ANATOMY
The understanding of cardiac anatomy from cross
sectional echocardiography is based on anatomical
identification of different cardiac cuts from patho-
logical specnens.1923 In normal hearts the cross
sectional short axis view at the level of the atrio-
ventricular valves shows two independent and well
formed atrioventricular annuli with valves anchored
to the left and right lateral heart walls as well as to
the anteriorsuperior and posteriorinferior walls. The
atrioventricular septum supports the septal leaflets
of both atrioventricular valves (fig 1). The form of
the atrioventricular valves and leaflets is best dis-
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Fig 1 Normal heart cut at the level ofboth atrioventricular valves. The atria have been removed and the tricuspid
( T) and the mitral (M) valves are seenfrom above. The arrow indicates the superior part of the atrioventricular
septum that separates both atrioventricular valves. I, inferior; L, left; R, right; S, superior.

played during diastole, when extension of the valve
components is greatest (fig 2).

In hearts with atrioventricular septal defects,
either partial or complete, separate insertion of the
two atrioventricular valves on to the septum is
impossible. This is true of the two valves that are
present in partial intraventricular septal defect or
the one valve that is common to the four chambers of
the heart when the defect is complete. The crest of
the defective interventricular septum cannot ade-
quately support the septal leaflets of the atrio-
ventricular valves, and. their insertion below the
level of attachment of the valve leaflets in the lateral
walls distorts the atrioventricular rings. In the par-
tial form there are two atrioventricular valves and
the anteriorsuperior and posterior or inferior septal
-components of the mitral and tricuspid valves are
joined over the ventricular septum. The septal
leaflets cover the crest of the interventricular septum
with valve tissue to a variable degree (fig 3). In the
complete form a single atrioventricular valve has an
annulus that is common to both atria and both ven-

tricles. The septal components of the common valve
bridging the septum can be identified by a study of
the variable number of chordal attachments and the
different degrees to which the leaflets bridge the sep-
tum. At its centre the crest of the septum is free of
valve tissue; there is a gap between the anterior-
superior and posteriorinferior leaflets of the com-
mon valve (fig 4). In the intermediate form the crest
of the interventricular septum is partially covered to
a varying extent with valve tissue.

Patients and methods

Sixty seven patients aged one day to 12-5 years
(mean age of 3.2 years) were studied by clinical
examination, electrocardiography, chest x ray, and
echocardiography (M mode, cross sectional imag-
ing, and pulsed Doppler ultrasound). An atrio-
ventricular defect was diagnosed in 30 patients. In
six this was partial, in 21 it was complete, and in
three it was regarded as intermediate. In six patients
anatomical confirmation of the lesion was obtained
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Fig 2 Echocardiogram obtainedfrom the subcostal
approach in a child with a normal heart. Transversal short
axis cut shows two independent atrioventricular valves at

maximum aperture during diastole. The excursion of the
septal leaflet of the tricuspid valve ( T) opening is limited by
the septum (arrow), whereas maximum excursion of the
septal leaflet of the mitral valve (M) does not take it within
reach of the septum. See legend to fig 1 for abbreviations.

at cardiac catheterisation, angiography, and oper-

ation. In a further four patients diagnosis was

confirmed by cardiac catheterisation only and in
three by necropsy only. We also studied 20 normal
children with innocent murmurs and 17 children
with complex congenital heart disease. Anatomical
confirmation of diagnosis in those with complex
congenital heart disease was established by cardiac
catheterisation in all and by necropsy in some.

For echocardiography we used a Honeywell
Ultraimager machine equipped with a strip chart
recorder and video system that allowed frame selec-
tion for evaluation of the anatomical data. We used
3-5 or 5 MHz transducers according to the patient's
size and the best definition. We used pulsed Doppler
ultrasound to assess function. In all patients the
following echocardiographic views were imaged.
(a) Parasternal approach-long axis, short axis at

different levels, and apical four chamber.

(b) Subcostal approach-short axis at atrial level,
atrioventricular junction, and ventricular level.
Subcostal short axis cuts (fig 5) were obtained
by scanning from the ventricles to the atria.
Valve anatomy was studied at a level at which
the valve leaflets appeared to be separate from
the chamber walls.

Results

Group 1-In the 20 patients with innocent murmurs
who clinically and by other means had a normal
heart subcostal echocardiography showed two valve
orifices at the atrioventricular junction at maximal
diastolic opening. These two orifices were separated
by the interventricular septum. Part of the tricuspid
valve lay in close apposition to the septum and dur-
ing diastolic opening the orifice expanded to the
right. The orifice of the mitral valve on the other
hand lay well away from the septum (fig 2).
Group 2-In 17 patients echocardiographic exam-
ination confirmed complex congenital heart disease
in patients who had an apparently normally devel-
oped atrioventricular junction and valve rings. The
echocardiographic appearance of the atrio-
ventricular openings was normal. This result was
confirmed by cardiac catheterisation and necropsy.
Group 3-In 30 patients echocardiographic exam-
ination showed an atrioventricular septal defect. Six
of these patients had a partial defect-the so-called
ostium primum lesion. Subcostal echocardiography
showed two atrioventricular valves that were con-
tinuous with each other over the crest of the inter-
ventricular septum (fig6). All six patients had an
ostium primum septal defect. Three had an addi-
tional small ventricular septal defect outside the
inlet portion of the septum. A further 21 patients
had a complete atrioseptal defect. Echocardiography
identified only one atrioventricular valve common to
both atria and ventricles. Anteriorsuperior and pos-
teriorinferior bridging leaflets crossed the septum
and with the lateral valve leaflets formed a single
valve and a common orifice (fig 7).

Valve tissue was attached to varying extents to the
crest of the interventricular septum; whenever one
of the septal leaflets clearly bridged the septum
(fig 8) a single atrioventricular valve and annulus was
present. The degree of approximation between the
septum and the valve leaflets varied. With complete
defects there was always a gap in the attachments of
the valve tissue to the septum. In three cases the
echocardiogram suggested the presence of an inter-
mediate form (fig 8). This was confirmed in one case
at operation.

After surgical correction in the complete form, the
two newly created valve orifices could be identified.
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Fig 3 Heart with an ostiwn primum defect. The atria have been removed and the atrioventricular valves are seen
from above. There are two valve orifices. The septal leaflets of the tricuspid and mitral valves join over the septum

e__ 7__ __ -7 _ r_It -It _e__ -II(arrow). See legend to fig I for abbreviations.

In the partial form the changes were not so pro-
nounced and were obvious only when the gap
between the septal bridging leaflets at the mitral end
had been repaired.

Discussion

Atrioventricular septal defects result from a mal-
development of the atrioventricular septum and
atrioventricular valves.9 11 Cross sectional echo-
cardiography is the best non-invasive way to study
the atrioventricular junction.6 '9 Recent studies
have demonstrated the correlation between the dis-
torted cardiac anatomy found in these hearts and the
echocardiographic images.'4 Furthermore, the sub-
costal approach appears to be the best method of
studying the atrioventricular junction.2' 22 In this
group of patients the short axis view from the sub-
costal approach was found to be the most valuable
echocardiographic plane for evaluating the annuli
and the atrioventricular valves.
Most of the echocardiographic studies of atrio-

ventricular septal defects have based their anat-.

omical understanding of this lesion on schematic
diagrams of the arrangement at the level of the atrio-
ventricular valve. Moreover, heart specimens very
rarely have been cut in the short axis plane to illus-
trate the range and degree of valve anomaly seen in
atrioventricular septal defects (figs 1, 3, and 4). The
four chamber view has usually been used to evaluate
this lesion.
The four chamber view from the subcostal or

parastemal approach is likely to detect the presence
of a defect under the anterior or posterior bridging
leaflet that may be only apparent in systole. But the
short axis view in diastole, however, will be more
sensitive to defects in the atrioventricular valves.
Another limitation of the four chamber view is its
inability to visualise simultaneously the anterior and
posterior valve components.
We found that the short axis subcostal approach

clearly demonstrated the two atrioventricular valves
and normal valve anatomy even in patients with
complex congenital cardiac malformation of other
areas of the heart.
Our echocardiographic evaluation was performed
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Fig4 Heart with a complete atrioventricular septal defect. Only one valve and one annulus are seenfrom above. The
anterosuperior and posteroinferior septal components are notfused. The crest of the interventricular septum is seen
underneath. See legend to fig I for abbreviations.

during diastole when the valve tissue was widely
separated and the two atrioventricular valve con-
tours could be seen entirely. In normal patients two
annuli were easily identified. At maximum diastolic
aperture the anterior leaflet of the mitral valve was
clearly separated from the septum and a well defined
circle was formed. In contrast, the orifice of the
tricuspid valve was limited by the interventricular
septum (fig 2).
We found that valve anatomy was quite different

in patients with atrioventricular septal defects. With
a partial defect the two annuli were joined over the
interventricular septum. Neither valve had a circular
orifice; both were oval because of the attachment of
the bridging leaflets to the crest of the inter-
ventricular septum (fig 6). When the defect was
complete there was a large atrioventricular valve
orifice that was common to both atria and both ven-
tricles. Because there was no coaptation of the septal
components in the middle of what should be the
mitral and tricuspid valves a common valve orifice
was formed (fig 7). The valve contours represented
the septal leaflets of both valves which formed a con-
tinuous bridge over the interventricular septum. In

S

Fig 5 Diagram to show the transducer orientation from the
subcostal approach.

271



of the valves are imaged the three forms can be
identified reliably. A short axis cut at atrial level may
be misleading if part of the ostium primum defect is
taken to be the orifice of the valve. In this situation
the valve tissue contours must be imaged before the
type of defect can be identified.

\ 11>-T X / The precise definition of the anatomy of the atrio-
ventricular valve by echocardiography makes it pos-
sible to establish the diagnosis of this malformation
and allows evaluation of the degree of valve
distortion-this is important information when sur-
gical correction is planned. The only limitation of
the approach is the difficulty of seeing the heart from
the subcostal axis. This route is suitable for small

tr_es,X, , children but less so for adults.

We thank Dr S Hunter (Freeman Hospital, New-
castle upon Tyne) for his helpful criticism of the
typescript. We also thank our surgical colleagues Dr
C Lozano and Dr M Rovirosa (R S Vall d'Hebron
Hospital) for their contribution to the surgical man-
agement of some of our patients.

Fig 6 Echocardiogram ofan ostium primum defect. Two
valve orifices were seen at their maximum expansion. The
septal leaflets of both valves werefused over the septum
(arrow). See legend to fig) for abbreviations.

some cases one of the leaflets was anchored to the
crest of the septum but there was a gap between the
valve and septum (fig8) and only one valve was
present. Surgical correction created a more normal
arrangement of the atrioventricular valves with the -
formation of two valve rings; however, the valves lay
abnormally close to the septum. -
We found that the short axis cut from the sub-

costal approach clearly displayed normal anatomy of
atrioventricular valves even when this was found in
cases of complex congenital heart disease. The tech- _
nique discriminated between partial (two
atrioventricular orifices) and complete (one orifice)
atrioventricular septal defects and showed the
degree of apposition between the anteriorsuperior -
and posteriorsuperior leaflets of the atrioventricular
valve. The degree of attachment of valve tissue to
the crest of the septum could also be visualised. This
view was usually more helpful than the four cham-
ber view for reliably identifying the various forms of Fig 7 Echocardiogram from a patient with a completeher diewfect rein blyidentifyingthe intermee form sof tatrioventricular defect. Only one valve was seen at diastolicthe def t ierm e fmaximum aperture. This was common to allfour chambers.
two valves are almost formed but a small degree of The components of the septal valves were notfused in the
separation of the septal cusp tissue remains. These middle as they were in the partialform. Theyformed a
specimens resemble a partial form but there is a continuous bridge over the septum and so there was one valve
small gap in the valve tissue. When the full contours ring. C, common valve. See legend to fig 1 for abbreviations.
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Fig 8 Echocardiogramfrom a patient with an intermediate
form of atrioventricular septal defect. The components of the
septal valves were notfused (arrow). Only the antero-
superior valve leaflet bridged the septum and was common to
both ventricles and atria. The posteroinferior septal
component was anchored to the crest of the septum and partly
separated both valve orifices.
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