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Reversed offsetting of the septal attachments of the
atrioventricular valves and Ebstein's malformation of
the morphologically mitral valve
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SUMMARY Ebstein's anomaly of the tricuspid valve is characterised by downstream displacement
of the tricuspid leaflets. In the case of the septal leaflet, the result is exaggerated offsetting of the
atrioventricular valves. Thus it might be supposed that in Ebstein's anomaly of the mitral valve,
downstream displacement of the aortic (septal) leaflet of the mitral valve could move its attach-
ment beyond that of the tricuspid valve, resulting in reversed offsetting. To examine this hypoth-
esis three patients each with a concordant atrioventricular connection were studied. The first,
with Marfan's syndrome and without an abnormal mitral valve, had reversed offsetting shown by
echocardiography. The second, without Marfan's syndrome and with Ebstein's anomaly of the
mitral valve, showed echocardiographically normal offsetting but a displaced mural leaflet. The
third, in whom Ebstein's anomaly of the mitral valve was confirmed at necropsy, showed all
the features of the second case, with normal offsetting of the atrioventricular valves.
Thus reversed offsetting is not a feature of Ebstein's anomaly of the mitral valve and in the first

case this feature was caused by upward displacement of the tricuspid valve secondary to dilation
of the aortic root.

In hearts with the usual atrial arrangement (solitus)
and concordant atrioventricular connection, four
chamber echocardiographic sections show that the
septal attachment of the mitral valve is usually closer
to the atria than the septal attachment of the tri-
cuspid valve. The detection of mirror image
arrangement of this anticipated offsetting of the
atrioventricular valves in hearts with the usual atrial
arrangement has, when the septal structures are
intact, been described as a significant finding in
some hearts with discordant atrioventricular con-
nection.'`3 We have encountered this reversal of
the normal offsetting of the atrioventricular valves in
the presence of concordant atrioventricular and ven-
triculoarterial connections with the usual atrial
arrangement. This suggested to us the diagnosis of
Ebstein's anomaly of the left sided mitral valve, a
rare but well recognised lesion.4" Subsequent
examination of a necropsy example of this
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malformation together with a case examined
echocardiographically showed that this lesion does
not produce reversed offsetting. When considered in
terms of the arrangement of the normal mitral valve,
this is to be expected. The findings in the initial case
were subsequently shown to be due to enlargement
of the aortic root in the setting of Marfan's
syndrome.

Patients and heart studied

The first patient was born at 34 weeks' gestation
weighing 1 9 kg and was delivered by caesarean sec-
tion because of maternal toxaemia of pregnancy.
The early neonatal period was complicated by severe
hyaline membrane disease and persistent fetal circu-
lation requiring intermittent positive ventilation for
10 days and tolazoline infusion for three days. After
extubation the infant remained tachypnoeic. At
seven weeks severe heart failure had developed and
he was failing to thrive. During this time he was pink
with normal peripheral pulses. There was leftward
displacement of the cardiac apex and a prominent
precordial impulse. A grade 4/6 pansystolic murmur
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and a grade 2/6 mid-diastolic rumble were audible at
the apex. He was also noted to have dysmorphic fea-
tures with a high arched palate and elongated
fingers. The electrocardiogram showed sinus
rhythm with a normal precordial R/S progression
pattern for age. The chest radiograph showed a mild
degree of pulmonary venous congestion with slight
enlargement of heart size.

Cross sectional echocardiography showed a sym-
metrical arrangement of the inferior caval vein and
abdominal aorta with the former to the right, indi-
cating usual atrial arrangement (situs solitus). The
usual offsetting of the atrioventricular valve was
reversed in the apical four chamber section (fig 1),
but the left sided ventricle was of a morphologically
left pattern and the left valve was a typical mitral
valve. There was moderate prolapse of both leaflets
of the valve with enlargement of the left atrium. The

Fig 1 A four chamber echocardiogram (a) showing
reversed offsetting of the septal attachments of the
atrioventricular valves in a patient with usual atrial
arrangement and concordant atrioventricular connection.
The patient was also shown (b) to have gross dilatation of
the aortic root. The diagnosis was Marfan's syndrome.

ventriculoarterial connection was concordant and
the great arteries were normally related. The aortic
root was noted to be grossly dilated. Cardiac cath-
eterisation excluded an intracardiac shunt and selec-
tive left ventriculograms showed mitral regur-
gitation and confirmed the presence of severe
dilation of the aortic root. An initial diagnosis of
Ebstein's anomaly of the mitral valve was considered
because of the results of cross sectional echo-
cardiography. This was not the case (see below).
Instead, the reversed offsetting was the consequence
of the severely dilated aortic root caused by Mar-
fan's syndrome.

Subsequently we encountered a child who was
shown during life to have Ebstein's malformation of
the morphologically mitral valve. He presented with
a heart murmur at six weeks of age and by four
months became cyanosed when he cried and he was
tachypnoeic. Cardiac catheterisation at the referring
centre showed a normal atrial arrangement, a con-
cordant atrioventricular connection, and double
outlet right ventricle with a subaortic ventricular
septal defect, pulmonary arterial and venous hyper-
tension (mean left atrial pressure 30mmHg), and
mitral regurgitation. The child was referred to the
Hospital for Sick Children, Great Ormond Street,
London at six months of age. Cross sectional echo-
cardiogram demonstrated normal offsetting of the
proximal septal attachments of the atrioventricular
valves (fig 2a). The mural leaflet of the mitral valve,
however, was grossly displaced towards the apex of
the left ventricle (fig 2b). The mitral regurgitation,
confirmed at catheterisation, was therefore a con-
sequence of Ebstein's malformation of the mor-
phologically mitral valve. The child was treated by
banding of the pulmonary trunk and Blalock-
Hanlon septectomy. This was successful and he was
discharged home 10 days later and has done well for
the past three years.
We had previously studied a heart from the

Cardiopathological Museum of the Hospital for
Sick Children, Great Ormond Street, London,
which had been the arbiter of appropriate echo-
cardiographic diagnosis during life. The atrial
arrangement and chamber connections were all nor-
mal. The salient anatomy concerned the left atrio-
ventricular valve. Although this was of a basically
mitral pattern, the anatomy was more unusual. The
aortic (anterior) leaflet of the valve was, as expected,
in fibrous continuity with the aortic valve, but it
showed a partial arcade lesion, the papillary muscles
being continued as a muscular ridge along the lead-
ing edge of the valve leaflet. The mural aspect of the
valve was grossly distorted, being densely adherent
to the pariental wall of the ventricular inlet with no
true delamination of leaflet tissue (fig 3). There was

185

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.57.2.184 on 1 F
ebruary 1987. D

ow
nloaded from

 

http://heart.bmj.com/


Leung, Rigby, Anderson, Wyse, Macartney

.ti. . ....~~I.;,. .,.

Fig 2 Cross sectional echocardiograms from a patient with Ebstein's malformation of the morphologically mitral valve
showing (a) the normal offsetting of the atrioventricular valves and (b) the downward displacement of the mural leaflet.

no tension apparatus present for this part of the
valve. The appearance was similar to that of
Ebstein's anomaly of the morphologically tricuspid
valve. In Ebstein's anomaly of the tricuspid valve,
however, it is displacement of the septal leaflets that
results in exaggerated offsetting of the annular
attachment at the level of the atrioventricular sep-
tum. The mural rather than the septal leaflet of the
mitral valve was found to be affected in this case. A
four chamber section cut through the heart (fig 3b)
showed that the aortic leaflet of the valve was
attached at the expected position. The displaced
segment of the valve was exclusively attached to the
parietal wall of the ventricular inlet component.
There was not, therefore, any reversal of the
offsetting in the region of the atrioventricular sep-
tum.

Discussion
Reversed offsetting of the normal atrioventricular
valve attachments in the setting of usual atrial
arrangement (solitus) should alert the echo-
cardiographer to the possibility of a discordant
atrioventricular connection. A scan along the inlet
ventricular septum will then demonstrate the attach-
ment of the tension apparatus of the atrioventricular
valves. The septal leaflet of the morphologically tri-

cuspid valve always has multiple attachments to the
inlet septum. This is in contrast with the mitral
valve tension apparatus which is attached to the
paired papillary muscles away from the septum. A
distinct cleavage plane is always found between
valve and septum on the morphologically left side.
The use of these criteria, along with those of

others usually used for ventricular identification,
made it easy to demonstrate the presence of a con-
cordant atrioventricular connection in our initial
case. It was then tempting to propose that the
reversed valvar offsetting was due to the rare abnor-
mality of Ebstein's malformation of the mor-
phologically mitral valve, particularly since the valve
was known to be regurgitant. The morphology of
this condition has been described by Ruschhaupt
et al4 and we have seen both the case reported here
(which has been illustrated elsewhere5) and a further
case in the collection of Children's Hospital of
Pittsburgh, USA. All of these show that it is the
mural leaflet of the mitral valve rather than the aortic
leaflet that is displaced into the left ventricle. This
necropsy finding was subsequently confirmed in life
by echocardiography of our second case. The
arrangement is to be expected, since the aortic leaflet
of the mitral valve, as its name suggests, is in fibrous
continuity with the aortic valve. It spans the inlet-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.57.2.184 on 1 F
ebruary 1987. D

ow
nloaded from

 

http://heart.bmj.com/


Reversed offsetting of the septal attachments of the atrioventricular valves and Ebstein's malformation 187

| < - ~ ~ jRight V entrit70Righ

o.:.o

.01

Fig 3 The salient morphologicalfeatures of Ebstein's malformation of the morphologically mitral valve. (a) Shows the
opened valve, the mural leaflet being downwardly displaced. The four chamber section (b) shows that the valve retains its
expected level of attachment at the atrioventricular septum.

outlet junction of the left ventricle and cannot be
displaced along the parietal wall or septum because
it is not related to either of these structures. There-
fore, apical displacement of the mitral valve leaflet
was not the explanation for the echocardiographic
features in our first patient. Rather it was upward
displacement of the leaflets of the tricuspid valve by
the dilated aortic root. The appropriate diagnosis is
Marfan's syndrome.6 This is supported both by the
dysmorphic features of the patient and the presence
of prolapse of both leaflets of the mitral valve. In
contrast, in the second case the mitral regurgitation
was indeed due to Ebstein's malformation of the
morphologically tricuspid valve. To the best of our
knowledge this is the first non-invasive diagnosis of
this rare lesion.
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