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Can atrioventricular septal defects exist with intact septal structures? 
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AVSD = Atrioventricular septal defect 
ECG = Electrocardiogram 
ASD = Atrial septal defect 
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Abstract 
 
The hallmark of an atrioventricular septal defect (AVSD) is a common atrioventricular 
junction, giving rise to a tri-leaflet left atrioventricular valve. AVSDs have the potential 
for interatrial shunting alone, interventricular shunting alone, or both. Atrioventricular 
septal defects without interatrial or interventricular communications have been identified 
at post-mortem, but there are no reports of AVSDs with intact septal structures diagnosed 
in life. Here we describe six patients with AVSD and intact atrial and ventricular septa 
diagnosed echocardiographically. This report demonstrates that AVSDs can exist without 
interatrial or interventricular communications, and that the characteristic feature of this 
condition, the common atrioventricular junction with a tri-leaflet left atrioventricular 
valve, can be diagnosed in life using cross-sectional echocardiography. AVSDs with 
intact septal structures may be more common than previously described. 
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Background 
 
Atrioventricular septal defects (AVSDs) are characterised morphologically by the 
presence of a common atrioventricular junction guarded by a five leaflet common 
valve.[1] It is well recognized that AVSDs have the potential for interatrial shunting 
alone (ostium primum ASD), for interventricular shunting alone (inlet VSD), or for both 
(most complete AVSDs) depending on the presence or absence of attachment of the 
bridging leaflets to the septal structures. There have also been two case reports of 
atrioventricular septal defects with intact ventricular and atrial septal structures, 
diagnosed at post-mortem.[2][3] However, AVSDs with intact septa diagnosed in life 
have not previously been reported.  Cross sectional echocardiography has been shown to 
be effective in the diagnosis of an AVSD, and in defining the characteristic 
morphological features.[4] A common atrioventricular junction is considered to be the 
key to the echocardiographic recognition of an AVSD.[5] Here we describe a series of six 
patients with the echocardiographic hallmarks of an AVSD but without interatrial or 
interventricular communications. 
 
 
Patients 
 
Case 1 
A 4 month-old girl with Down syndrome was referred for cardiovascular assessment in 
May 1981.  The antenatal history was unremarkable. Clinically, she was acyanotic, with 
normal peripheral pulses, and a normal cardiac impulse. Auscultation revealed a normal 
first heart sound, and a widely split second heart sound with an accentuated pulmonary 
component. There was a grade 2/6 ejection systolic murmur loudest at the third left 
intercostal space. There were no signs of cardiac failure. 
 
Her chest radiograph showed laevocardia, a left-sided aortic arch, minimal cardiac 
enlargement and slightly increased pulmonary vascular markings. Electrocardiogram 
(ECG) showed sinus rhythm with a superior mean frontal QRS axis (-60o), and upright 
right-sided T waves indicating right ventricular hypertrophy. 
 
Cross-sectional echocardiography showed a tri-leaflet left atrioventricular valve, and a 
small ventricular septal defect. There was no atrial septal defect. 
 
She has remained asymptomatic from a cardiac point of view, and was last reviewed at 
the age of 22 years in March 2002, when she had a normal cardiovascular clinical 
examination. Echocardiography at the time revealed a common atrioventricular valve 
with no interatrial or interventricular communications, her small VSD having closed 
spontaneously. There was also trivial atrioventricular valve regurgitation. 
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Case 2 
A 2 day-old boy was referred for assessment because of an abnormal ECG in September 
1986. He was asymptomatic, and clinically pink in air, with normal peripheral pulses and 
a normal cardiac impulse. On auscultation, he had normal heart sounds, and a grade 2/6 
ejection systolic murmur at the third left intercostal space. The rest of the physical 
examination was normal. His ECG showed sinus rhythm with a superior QRS axis, and 
left ventricular dominance. On review at the age of 4 months, he remained asymptomatic, 
and his ECG had become more normal, showing sinus rhythm with a slightly superior 
QRS axis of –10o, and a normal infant RS progression pattern. 
 
He has remained asymptomatic, and on review at the age of 9 years, was normal to 
clinical examination. Cross sectional echocardiography in 1995 revealed a tri-leaflet left 
atrioventricular valve typical of an atrioventricular septal defect, with very trivial 
regurgitation. The atrial septum was intact, with no ostium primum ASD, and likewise, 
there was an intact ventricular septum. 
 
At last review, this patient remains asymptomatic and leads a normal life. 
 
Case 3 
A neonate with Down syndrome was referred for assessment in March 1999. He was 
asymptomatic, not cyanosed, and had normal femoral pulses and a normal cardiac 
impulse. On auscultation, he had normal heart sounds and no murmurs. Echocardiogram 
showed a tri-leaflet left atrioventricular valve with no regurgitation. There was no atrial 
septal defect and no ventricular septal defect. 
 
On review at the age of 5 years, he remains well and asymptomatic. Clinically, he has 
normal heart sounds, and a very soft systolic murmur audible midway between the lower 
left sternal edge and apex. Cross-sectional echocardiography confirmed an 
atrioventricular septal defect with a tri-leaflet left atrioventricular valve with trivial 
regurgitation. The atrial and ventricular septa were intact. 
 
Case 4 
A two-year-old boy underwent resection of sub-aortic stenosis and suturing of the zone of 
apposition of the left aspect of the superior and inferior bridging leaflets in August 2002. 
On review at the age of four years, he was asymptomatic. Clinically, he was not 
cyanosed, and had normal peripheral pulses and a normal cardiac impulse. On 
auscultation, he had normal first and second heart sounds, and a grade 3/6 ejection 
systolic murmur loudest at the right upper sternal edge. There was no carotid thrill. 
 
The electrocardiogram showed sinus rhythm with a QRS axis of 15o, and voltage criteria 
for left ventricular hypertrophy.  
 
Cross-sectional echocardiography revealed a common atrioventricular junction with 
trivial regurgitation through the (repaired) tri-leaflet left atrioventricular valve. There was 
also a bicuspid aortic valve, and sub-aortic stenosis with a Doppler-derived peak 
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instantaneous pressure gradient of 30mmHg, and no left ventricular hypertrophy. The 
atrial and ventricular septa were intact. 
 
Case 5 
A five-week old girl with Down syndrome was referred for cardiovascular assessment in 
April 2004. She was asymptomatic, not cyanosed, had normal peripheral pulses and a 
normal cardiac impulse. On auscultation, there was fixed splitting of the second heart 
sound with a slightly accentuated pulmonary component, and no murmurs. 
 
Cross-sectional echocardiography showed the presence of an ostium secundum ASD with 
left to right shunting, and mild right heart volume overload. There was also a tri-leaflet 
left atrioventricular valve and a common atrioventricular junction, with no primum ASD 
or VSD. 
 
On review in January 2005 at the age of 20 months, she remained asymptomatic and had 
a normal cardiovascular examination. Echocardiography confirmed that the secundum 
ASD had closed. The atrial and ventricular septa were intact, and there was a common 
atrioventricular junction with a tri-leaflet atrioventricular valve, that was not regurgitant. 
(See Figures 1-4) In addition, unwedging of the aorta is seen.  Because of the common 
atrioventricular junction, the aorta is displaced anteriorly and to the right instead of its 
normal position wedged between the mitral and tricuspid valve rings. 
 
Case 6 
A two week-old boy was referred for cardiac assessment in April 2004, following the 
diagnosis of Down syndrome at birth. He was asymptomatic, with a normal 
cardiovascular physical examination. Cross-sectional echocardiography showed a 
common atrioventricular junction with a common orifice divided into two separate tri-
leaflet atrioventricular valves. There was no atrial septal defect and no ventricular septal 
defect. 
 
 
Discussion 
 
Promoting the term atrioventricular septal defect (AVSD) rather than atrioventricular 
canal or endocardial cushion defect, Piccoli et al described the essential morphological 
features of an AVSD as being first, disproportion between the inlet and outlet portions of 
the inter-ventricular septum, and secondly, malorientation of the aortic valve relative to 
the atrioventricular valves.[6] These anatomical features were accompanied by defects in 
the atrial or ventricular septa, and by malformations of the atrioventricular valves, leading 
to complete defects with a common atrioventricular valve annulus, or partial defects 
where there were separate tricuspid and mitral valves. It has since become clear, 
however, that a common atrioventricular junction, guarded by a common atrioventricular 
valve, is the characteristic feature of all forms of AVSD.[1] This common valve consists 
of five leaflets: a superior bridging leaflet, an inferior bridging leaflet, a left mural leaflet, 
a right mural leaflet, and a right anterolateral leaflet. In a complete AVSD, the common 
valve guards a single, common orifice. In the partial form, a tongue of tissue joins the 
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free margins of the superior and inferior bridging leaflets, creating two separate orifices 
within a common valve ring.  
 
In a complete AVSD, there is usually an interatrial communication (ostium primum atrial 
septal defect) between the inferior margin of the atrial septum and the superior aspect of 
the common atrioventricular valve, and a large interventricular communication between 
the crest of the ventricular septum and the inferior margin of the common valve. In a 
partial AVSD, the bridging leaflets fuse to the crest of the ventricular septum, leaving 
only an ostium primum atrial septal defect (ASD). They may also fuse with the atrial 
septum, leaving only a ventricular septal defect (VSD).  
 
A much rarer form of AVSD occurs when the common leaflet is fused to both the atrial 
septum and the crest of the ventricular septum, creating an AVSD with no interatrial or 
interventricular communication. There have been two case reports of such an AVSD, 
where the diagnosis was made at autopsy.[2][3] In addition, one of the pathological 
specimens from Piccoli et al.’s morphological study in 1979 was also found to have only 
an isolated cleft between the anterior and posterior components of the left atrioventricular 
valve, and intact atrial and ventricular septa.[6] This is the first report of patients with an 
AVSD and intact septal structures diagnosed in life. 
 
Cross-sectional echocardiography has been shown to be a useful non-invasive tool in the 
assessment of AVSDs.[4] A combination of echocardiographic views is required to 
analyse the defect, both to define the anatomical potential for interatrial and/or 
interventricular shunting, and to examine the atrioventricular junction.[4][5] It is this 
common atrioventricular junction that is key to the echocardiographic diagnosis of an 
AVSD. As discussed previously, in a partial AVSD, a rim of tissue divides the common 
valve into two separate orifices. As a result, the left atrioventricular valve is tri-leaflet 
(comprised of the left halves of each bridging leaflet and the left mural leaflet), and does 
not resemble a normal mitral valve. In all our patients, the diagnosis of AVSD was made 
echocardiographically based on the finding of a common atrioventricular junction, and a 
tri-leaflet left-sided atrioventricular valve. This is consistent with the findings in previous 
studies of AVSDs using echocardiography.[4][5][7][8][9] Furthermore, cross-sectional 
echocardiography has been shown to be useful in identifying another characteristic 
feature of AVSDs, the anterior and rightward displacement of the aorta in relation to the 
common atrioventricular junction. [4][6] This “unwedging” of the aorta was identified in 
all our patients, and is demonstrated in figure 1. In addition, four of our patients had 
Down syndrome, and all but one of the ECGs available to us showed a superior QRS 
axis, consistent with a diagnosis of AVSD.  
 
In the context of a tri-leaflet left atrioventricular valve and intact septal structures, the 
presence of a common atrioventricular junction is of importance in distinguishing an 
AVSD from an isolated cleft of the mitral valve. Previously the latter had been described 
as a forme fruste of AVSD,[10] but it has now been shown that a mitral valve with a cleft 
in the anterior leaflet and the tri-leaflet left atrioventricular valve of an AVSD are 
morphologically distinct.[8] The fundamental difference is that the cleft in an otherwise 
normal mitral valve is supported by a discrete left atrioventricular junction or valve ring 
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separated from the right side of the heart by well-formed atrioventricular septal 
structures.[8] In contrast, in an AVSD with intact septa, the left atrioventricular valve is 
supported by a valve ring common to both atrioventricular valves. Furthermore, the 
valves are at the same level, unlike the normal offsetting of the mitral and tricuspid 
valves where the latter is nearer the apex of the ventricle.  It has been shown, in addition, 
that echocardiographic identification of papillary muscle position and mural leaflet size 
are also useful in the differentiation of AVSD from cleft mitral valve.[9] Further support 
for the distinction between an isolated cleft in the anterior leaflet of the mitral valve and 
the trileaflet nature of the left AV valve in an AVSD comes from Van Praagh and 
colleagues’ recent study in cleft mitral valve without ostium primum defect.[11] They 
found that in patients with normally connected great arteries and a VSD the inlet 
dimension of the left ventricular septal surface was shorter than its outlet dimension, 
characteristic of AV canal malformations (AVSD).   In line with abnormal ventricular 
arterial connections there was no inlet-outlet disproportion of the ventricular septum and 
by implication no similarities with an AVSD.  Furthermore the “cleft” in the AVSD type 
of VSD with normally connected great arteries pointed to the inlet part of the 
interventricular septum while in those with abnormal ventricular arterial connections the 
cleft pointed to the outlet of the ventricles. 
 
Five of the patients described in this communication have been asymptomatic. In four, 
their condition was detected as part of routine cardiovascular assessment for patients with 
Down syndrome, and in the fifth, as a result of an abnormal electrocardiogram. Two 
patients had additional congenital cardiac malformations. In one patient this was 
clinically significant and he required surgery for sub-aortic stenosis and left 
atrioventricular valve regurgitation. He has remained asymptomatic since. Four of the 
patients do have trivial atrioventricular valve regurgitation that is not clinically 
significant. However, because of the tri-leaflet left atrioventricular valve, there is 
potential for more significant atrioventricular valve regurgitation in cases of AVSD with 
intact septa than in isolated mitral valve clefts. 
 
Down syndrome is a well recognised association of AVSD but less so with isolated mitral 
valve clefts.[10] In Kohl and Silverman’s comparison of cleft mitral valve and AVSD, 
none of the 11 patients with cleft mitral valve had Down syndrome, whereas 6 of 11 with 
AVSD did.[9] A recent study examining possible etiological differences between 
complete and partial AVSDs has suggested that patients with a complete AVSD or partial 
AVSD with an interventricular communication show higher rates of Down syndrome 
than with those with a partial AVSD and interatrial communication alone.[12] This could 
imply that there may not be a particularly strong association between Down syndrome 
and AVSD with intact septal structures, but this has not been our experience. In our unit 
and many others, however, all subjects with Down syndrome are screened by cross 
sectional echocardiography, even in the absence of abnormal cardiac signs. Thus if one is 
aware of the possibility of AVSD with intact septal structures, the condition will be 
picked up in the Down’s group whereas chromosomally normal children with no 
abnormal cardiac signs would not normally have a 2D echocardiogram, and would 
therefore not be identified.  
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This is the first report of patients with atrioventricular septal defect and intact atrial and 
ventricular septal structures diagnosed echocardiographically. These cases demonstrate 
that AVSDs can exist without interatrial or interventricular communications, and that the 
hallmark of this condition, the common atrioventricular junction together with a trileaflet 
left atrioventricular valve, can reliably be detected by cross-sectional echocardiography. 
 
 
 
 
Licence statement 
The Corresponding Author has the right to grant on behalf of all authors and does grant 
on behalf of all authors, an exclusive licence (or non exclusive for government 
employees) on a worldwide basis to the BMJ Publishing Group Ltd and its Licensees to 
permit this article to be published in HEART editions and any other BMJPGL products to 
exploit all subsidiary rights. 
 
 
Competing Interests  
None  
 
 
Figure Legends 
 
Figure 1 
Subcostal view of the common atrioventricular junction with the tri-leaflet 
atrioventricular valve open in atrial systole. The aortic valve is displaced anteriorly and to 
the right in an unwedged position, sitting above the superior bridging leaflet. 
IAS – inter-atrial septum; LAVV – left atrioventricular valve; a – superior bridging 
leaflet; b – left mural leaflet; c – inferior bridging leaflet 
 
 
Figure 2 
Subcostal view of the common atrioventricular junction at the end of atrial systole. 
 
 
Figure 3 
Apical four-chamber view showing the absence of normal offsetting of the 
atrioventricular valves and intact atrial and ventricular septa in systole.  
IAS – inter-atrial septum; IVS – inter-ventricular septum; RA – right atrium; LA – left 
atrium; RV – right ventricle; LV – left ventricle; RAVV – right atrioventricular valve; 
LAVV – left atrioventricular valve 
 
 
Figure 4 
Parasternal long-axis view demonstrating an intact inter-ventricular septum. 
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