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Right atrial oudet atresia with straddling left
atrioventricular valve
A form of double outlet atrium
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SUMMARY We present three hearts showing right atrial outlet atresia with straddling left atrioventricular
valve; clinical data of two of the patients are reported. For semantic and practical reasons we believe the
terms tricuspid or mitral atresia should not be used in these cases, and atrial outlet atresia is preferable;
for similar reasons we prefer to use stradding left or right atrioventricular valve. These anomalies
represent an interesting form of double outlet atrium and diagnosis clinically may be possible if the
existence of the anomaly is considered. Differentiation from common atrioventricular canal with atrial
outlet atresia is important since total repair, which is possible for this last anomaly, does not seem feasible
in cases like ours. Classifications of tricuspid atresia may have to be enlarged to include cases with
double outlet from either ventricular chamber or anatomically corrected malposition. Characterisation
of the right ventricular chamber is difficult; we believe that description of its morphology and the type
and mode of its connections should be used.

Straddling atrioventricular valve is that condition
in which either atrioventricular valve orifice
provides entry to both ventricular chambers, and
the valve in question has papillary or chordal
attachments in both." Double outlet atrium is that
condition in which either the right or the left
atrium empties into both ventricles, while the other
atrium has no outlet unless there is an associated
defect of the atrial septum.2 Atrial outlet atresia, as
implied from the preceding definition, is that
condition in which either the right or left atrium
has no outlet other than a defect of the atrial septum.
This term is synonymous with the term atrial
orificial atresia, proposed previously.3
The association of a straddling valve with atrial

outlet atresia is an interesting anomaly infrequently
described in the past. Straddling left atrioven-
tricular valve with right atrial outlet atresia has been
reported by Freedom et al.4 and Vlad5 in cases
where the right ventricular chamber is placed to the
right of the left ventricular chamber, and by
Fragoyannis and Kardalinos6 and Tandon et al.7 in
cases where there is a left-sided right ventricular
chamber. The case described by Horiuchi et al.8 as
Received for publication 21 April 1980

double outlet left atrium with complete atrioven-
tricular canal and L-loop double outlet right
ventricle may be compared with the latter. Straddl-
ing right atrioventricular valve with left atrial outlet
atresia has been reported by Navarro-Lopez et al.,9
Liberthson et al.,' Tandon et al.,7 and Rosenquist'0;
some of these cases may be similar to those men-
tioned by Van Mierop.2
We report three patients showing straddling left

atrioventricular valve with right atrial outlet
atresia.

Case reports

CASE 1
This case has been previously included in a series of
cases with straddling mitral valve."1 No clinical data
were available for review, but additional anatomical
data are presented.
The heart showed atrial situs solitus and a left-

sided cardiac apex. The right atrium was large and
received both venae cavae and several coronary
veins. A right atrioventricular valve was not found
(Fig. la). The ventricular septum did not meet the
atrial septum at the crux cordis but joined the
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posterior ventricular wall to the right of the atrial allowed direct communication of the left atrium
septum. The floor of the right atrium was placed with both ventricular chambers, with about 40 per
above the posterior end of the ventricular septum cent of the valve orifice being placed above the right
with, therefore, no connection with the right ventricular chamber and 60 per cent above the left
ventricle. A patent, dilated, foramen ovale com- ventricular chamber (Fig. lb). This valve had four
municated with the left atrium, which received four groups of papillary muscles, two of them being
pulmonary veins. A left atrioventricular valve inserted into the left ventricular chamber and the

Fig. 1 Case 1. (a) Right atrial view, showing the fossa ovalis with a large patentforamen ovale (black arrow).
There is no atrioventricular valve and the floor of this chamber (open arrow) is placed above the posterior end of the
ventricular septum (absent connection). a, right atrial appendage; c, superior vena cava. (b) The left atrium (LA) and
left ventricular chamber (LV) have been opened showing the mitral valve straddling (arrows) the anterior part of
the septum and having two groups of papillary muscles into the left ventricular chamber. (c) The subpulmonary
outflow tract has been opened. The straddling portion of the atrioventricular valve occupies the anterior part of the
right ventricular chamber. Accessory valve tissue (arrows) contributes to the production of subpulmonary obstruction.
Fibrous continuity between the pulmonary and atrioventricular valves is present. P, pulmonary artery. (d) The
opened subaortic outflow tract shows the presence of a subaortic infundibulun (I). No right ventricular sinus was

found, and papillary muscles of the straddling valve are seen in the anteroinferior part of this chamber, below the
pulmonary artery origin. A, aorta.
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other two into the right ventricular chamber. Some
chordae tendineae were directly attached to the ven-
tricular septum. The left ventricular chamber was
posterior, inferior, and to the left, and fairly normal-
sized though no great artery arose from it. The right
ventricular chamber gave origin to both great
arteries, with the aorta being directly to the right of
the pulmonary artery. The aorta was supported by a
muscular infundibulum (Fig. lc), while the
pulmonary artery showed fibrous continuity with
the straddling valve (Fig. ld). Subpulmonary
stenosis was produced by some accessory valve
tissue (fibrous tags). The ventricular septum
showed a large, malalignment or infundibulo-
ventricular type of defect (a clear muscular septum
being interposed between the defect and the
posterior ventricular wall), through which the
atrioventricular valve straddled, entering the sub-
pulmonary outflow tract. The aortic arch was left-
sided and the coronary arteries showed the "rainfall"
pattern.

CASE 2
This 5-month-old boy, born after an uncomplicated
pregnancy, had dyspnoea on feeding and mild
cyanosis. Physical examination showed under-
development (weight under centile 3 and height
under centile 50). There was generalised cyanosis.
Normal pulses were palpated in the four limbs. The
liver was palpable 2 cm below the costal margin.
On auscultation there was a pansystolic murmur,
grade 2/6, in the third and fourth left intercostal
spaces, followed by a single second sound.
The electrocardiogram showed sinus rhythm at

150 beats/min, left anterior hemiblock, A QRS =
-750, right atrial enlargement, and diphasic com-
plexes across the praecordial leads. The chest
x-ray film showed slight cardiac enlargement with
diminished pulmonary vascular markings and an
absence of the pulmonary artery conus.

Cardiac catheterisation was performed through
the right saphenous vein. Haemodynamic data are
shown in the Table. The catheter reached the right
atrium and crossed an atrial septal defect or patent
foramen ovale to enter the left atrium and then a
ventricle. No ventricle could be catheterised from
the right atrium. The pulmonary artery could not

Table Haemodynamic data in case 2

Chamber Pressure 02 saturation

Right atrium 10 50%'
Left atrium 10 73%O
Left ventricle 120/4-10 750%
Aorta 110/70 75%,,

be entered. Right atrial contrast injection showed
absent right atrioventricular connection. The
contrast filled the left atrium and then a ventricular
chamber. Originally it was thought that discordant
ventriculoarterial connection was present, though
the outlet chamber could not be adequately outlined.
In retrospect it seems that there was a remnant of
septum, which was not adequately seen in the
lateral projection, with both vessels being connected
to the anterior ventricular chamber. Soon afterwards
the patient presented with atrioventricular dissocia-
tion and severe bradycardia, and death followed
cardiac arrest.
Necropsy showed atrial situs solitus and a left-

sided cardiac apex. The right atrium received both
venae cavae and a large coronary sinus. A left
superior vena cava drained into the coronary sinus.
No atrioventricular valve was found in the right
atrium, and the floor of this chamber was placed
above the posterior wall of the right ventricular
chamber (Fig. 2a). A multiperforated atrial septum
allowed communication between both atria. The left
atrium received four pulmonary veins. A large left
atrioventricular valve was found to allow entry to
both ventricular chambers (Fig. 2b), straddling
over an anterior septal defect, with a well-developed
muscular septum separating the posterior border of
the septal defect from the posterior ventricular wall.
The muscular septum reached the atrioventricular
junction at the same level of the atrial septum (Fig.
2b and 2c). Both ventricular chambers were
equally well developed, with the left ventricular
chamber being posterior, inferior, and to the left of
the right ventricular one. Two groups of papillary
muscles were found in the left ventricular (Fig. 2c)
and one in the right ventricular chamber. The
atrioventricular valve was roughly equally placed
above each ventricular chamber. A muscular band
was found in the right ventricular chamber (Fig.
2d), going from the septum to the papillary muscle
in this chamber, and seemed to separate two
apical recesses. Both great arteries arose from the
right ventricular chamber, the aorta being anterior
and to the right of the pulmonary artery. There was
fibrous continuity between the mitral and pul-
monary valves (Fig. 2d). Severe pulmonary stenosis
was present at both valvular and subvalvular levels
and the pulmonary trunk was hypoplastic. The
aortic arch was left-sided. A persistent ductus
arteriosus and a rainfall coronary artery pattern
were other fee- vres of this case.

CASE 3
This was a 20-day-old boy born after normal
pregnancy and delivery. Shortly after birth he
presented with pronounced dyspnoea and peripheral
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oedema. Physical examination on admission showed
jaundice, and the liver was palpable 5 cm below the
costal margin. Pulses were weak in the arms and
absent in the legs. There was a sytolic murmur,
grade 2/6, at the second left intercostal space,
followed by a split second sound and a loud third
sound with gallop rhythm.

Haematocrit was 48 per cent; calcium 6-4 mg/
100 ml, and total bilirubin 170 ,mol/l. The electro-
cardiogram showed sinus rhythm at 160 beats/min,
first degree atrioventricular block, A QRS =-10°,
right atrial enlargement, and left ventricular pre-
dominance. The chest x-ray film showed cardiac

enlargement with increased pulmonary vascular
tracings and perivascular oedema.

Antifailure treatment was started, with no bene-
fit. Cardiac arrest followed progressive deterioration
of his clinical status, before cardiac catheterisation
could be performed.
Necropsy showed situs solitus of the atria with a

left-sided cardiac apex. The right atrium was large
and hypertrophic (Fig. 3a). Both venae cavae and
the coronary sinus drained into it. The atrial septum
was aneurysmally deformed and displaced to the
left. A small patent foramen ovale was the only
atrial septal defect. No atrioventricular valve was

Fig. 2 Case 2. (a) Right atrial view showing the multiperforated atrial septum (small arrows). No atrioventricular
valve is seen and the floor of this chamber (open arrow) was placed above the posterior ventricular wall (absent
connection). (b) Section of the left atrium (A), left ventricular wall (V), and the anterior part of the septum (S)
shows the atrioventricular valve straddling (arrows) the anterior part of the septum. R, right ventricular chamber.
(c) The left ventricular chamber (LV) has been opened, showing its typical anatomical characteristics and the
presence of two papillary muscles. A well-developed posterior septum is seen (arrow) under the posterior straddling
leaflet. (d) The right ventricular chamber has been opened. A muscular band (B) extends from the septum to the free
wall, at the level of the attachment of the sectioned group of papillary muscles, separating two (anterior and
posterior) apical recesses. There is severe subvalvular and valvular pulmonary stenosis, and fibrous continuity with the
atrioventricular valve was present. The aorta is supported by a muscular infundibulum. No true ventricular sinus
was found. AR, anterior apical recess. Arrow, subpulmonary outflow tract.
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found in the right atrium, and the floor of this is a commc
chamber was placed above the left ventricular terms these c

chamber. The left atrium was large and received tions depen
four pulmonary veins. The left atrioventricular obstruction,
valve entered both ventricular chambers (Fig. 3b), treatment m
though only about 15 per cent of the valve orifice fore, not to
communicated with the right ventricular chamber. use the tern
There were some chordal attachments to the rim of with right a
the septum. Two groups of papillary muscles were such as thos
present in the left ventricular and one hypoplastic Clinical di
group in the right ventricular chamber. Mobility bination of
of the valve was restricted by the septal attachments graphic data
making severe regurgitation probable. While the left made in our
ventricular chamber was large, the right ventricular these anoma
chamber was much smaller (Fig. 3c), being an- outlet outlet
terior, superior, and to the left of the main chamber, atresia shou
and closely related to the left atrium. A septal straddling le
defect, through which the atrioventricular valve Although
straddled, was found in the posterior part of level is not
the ventricular septum (Fig. 3d). This septum shunts acro
joined the ventricular free wall far to the left of the number of p
atrial septum. The pulmonary artery arose from the by many aul
left ventricular chamber, in fibrous continuity with at this level
the atrioventricular valve. The aorta was anterior placement of
and to the left of the pulmonary artery, supported by diagnosis of
a muscular infundibulum placed above the right is easily sho
ventricular chamber. There was hypoplasia of the may be imp
aortic isthmus and a large persistent ductus Straddling
arteriosus. The aortic arch was left-sided. There was atresia shoul
an atypical rainfall coronary artery pattern. ventricular c

tion first mer
Discussion Horiuchi et

atrial septur
Cases 1 and 2 show a right-sided right ventricular with the ven
chamber and a regular, or non-inverted, type of of this relat
ventricular organisation.12 In these cases the left atrial septun
(straddling) atrioventricular valve might be con- have been p
sidered a mitral valve, and these cases could be mon atriove:
described as tricuspid atresia with mitral straddling. hearts from
In case 3 the right ventricular chamber is left-sided of common
and shows an apparently inverted pattern of has found a
organisation; this case, therefore, might be de- position of
scribed as mitral atresia with tricuspid straddling. ventricular
We feel, however, that these terms may not be laevopositior
adequate in this particular context, since the mor- presence of
phology of the valves is atypical in these cases and outlet for th4
they cannot be identified with certainty, as happens Such hearts,
with other cases showing univentricular hearts.13 viously des(
In addition, variations in position make it difficult tricular valv
to say the type of looping present in cases with two well-des
univentricular heart,"3 14 and wrong conclusions similar case
may be drawn by considering this fact alone. normally po;
Finally, as noted below, we believe that similar a published r

conditions exist with a common atrioventricular Horiuchi etc
canal, and it seems to us semantically inaccurate atrium with I
to talk about tricuspid or mitral valves when there left ventricle
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on atrioventricular valve. In clinical
cases show similar features, with varia-
ding on the degree of pulmonary
and similar methods of surgical

lay be possible too. We prefer, there-
establish such differentiation and to

n straddling left atrioventricular valve
atrial outlet atresia to designate cases
e we present.
iagnosis of these anomalies (by a com-
echocardiographic and angiocardio-

a) seems possible, though it was not
r cases, provided that the existence of
lies is known. The presence of double-
chamber in cases with right atrial outlet
ild suggest the possible association of
eft atrioventricular valve.
significant obstruction at atrial septal
frequent in patients with obligatory

5ss the foramen ovale,"5 there are a
atients (our case 3 and others described
thors) who present obvious obstruction
L. The association of aneurysmal dis-
tf the atrial septum may be a clue to the
the presence of such obstruction, which
own by 2-D echocardiography, and this
zortant in deciding on treatment.
g atrioventricular valve with atrial outlet
Id be differentiated from common atrio-
canal with double outlet atrium, a condi-
ntioned by Van Mierop2 and reported by
al.8 In normal hearts the plane of the
m forms an angle of about 15 degrees
itricular septum.'1 Important alterations
tion, with a leftwards deviation of the
n in relation to the ventricular septum,
?reviously reported in cases with com-
ntricular canal.7 18 In a review of 273
several centres showing different types
atrioventricular canal one of us (EOC)
l complete spectrum of relative laevo-
the atrial septum in relation to the
septum. Four cases had extreme

n of the atrial septum, resulting in the
double outlet right atrium. The only
e left atrium was an atrial septal defect.
, apparently similar to some cases pre-
cribed as straddling right atrioven-
,e with left atrial outlet atresia,9 10 had
veloped ventricles. We have not seen a
showing double outlet left atrium with
,sitioned ventricles, nor are we aware of
report of such a case. A case reported by
al.,8 however, showed double outlet left
left-sided right ventricle and right-sided
E, and was successfully corrected.
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Differentiation between cases of double outlet
atrium and common atrioventricular canal and
cases such as those we report is not only of specula-
tive interest, either anatomical or embryological, but
also has surgical interest. In cases with a common
atrioventricular canal the presence of two ade-
quately-sized ventricles may allow repair either by
enlarging the atrial septal defect or by resecting the
atrial septum, followed by repair of the atrioven-

tricular canal anomaly plus septation of the atria;
care being taken to avoid leaving anomalous pul-
monary venous drainage. In cases with straddling
left atrioventricular valve like ours, repair does not
seem feasible at the moment and a Fontan-like
operation is the only radical surgical treatment for
these patients. The distal anastomosis of the
conduit has to be made to the pulmonary artery,
since the right ventricular chamber cannot be used

Fig. 3 Case 3. (a) The right atrium is large and hypertrophic. The interatrial septum (S) was aneurysmally
herniated to the left and a patent foramen ovale (arrow) was the only interatrial communication. No atrioventricular
valve was seen and a clear dimple was not found. A, atrial appendage. (b) The left atrium (LA) and left
ventricular chamber (LV) have been opened. The aneurysm of the atrial septum (A) is clearly shown. The
atrioventricular valve straddles (arrows) the sectioned ventricular septum (S), with some chordal attachments to the
septal rim. Most of the valve orifice enters the main, left ventricular chamber, and only about 15 per cent enters the
right ventricular chamber. (c) and (d) Though the rudimentary chamber is left-sided, it is photographed in such a
way to illustrate its morphology that it appears to be to the right and any such impression is artefactural.
(c) The small right ventricular chamber (R) gave rise to the aorta and was placed anterior, superior, and to the
left of the main chamber (L). The pulmonary artery (P) arose from the main chamber. The anterior part of the
septal defect (arrow), not related to the atrioventricular valve, is shown. A, aorta. (d) The antrioventricular valve
entered the right ventricular chamber at its most posterior part. A group of hypoplastic papillary muscles (arrow)
was found in this chamber and received several chordae tendineae. The left ventricular chamber has two groups
of papillary muscles. Fibrous continuity between pulmonary and atrioventricular valves is restricted to a small area.
P, pulmonary artery; A, aorta.
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as an ejecting chamber because it forms the sub- straddling atrioventricular valve, 4- 9-11 or two
aortic outflow tract. Placement of a valve prosthesis separate atrioventricular valves entering separate
in cases with severe regurgitation of the straddling ventricles.23 This is seen as a separate type of
valve requires evaluation of the size of the septal atrioventricular connection, with particular surgical
defect and appropriate resection if necessary. implications, whose real existence should be

emphasised. It must be noted that the other atrium
CLASSIFICATION AND TERMINOLOGY
Commonly used classifications of tricuspid
atresia,5 19 divide this anomaly into groups with or
without transposition, with further subdivisions
according to the type of transposition and the
presence, and degree, or absence of pulmonary
outflow tract obstruction. Our cases 1 and 2 to-
gether with those reported by others4-6 prove that
double outlet from the right ventricular chamber is
another possible ventriculoarterial connection in
patients with right atrial outlet atresia. Double
outlet left ventricular chamber and other types of
ventriculoarterial connection have been described
by a number of authors.3 20
The cases presented are significant, as previously

noted.4 They show that a ventricular chamber whose
valve is atretic and, therefore, should lack an inlet
portion, may receive part of the other atrioven-
tricular valve. In cases like ours (1 and 2) this valve
clearly enters the outflow tract of the right ven-
tricular chamber. Should this chamber be called a
ventricle or an outlet chamber? We do not wish to
argue about definitions and would therefore
describe the morphology of the ventricular chambers
as right or left (a fact which is determined by the
trabeculated portion, independently of the con-
nections) and describe the type and mode of con-
nections in the manner previously proposed by
Tynan et al.21

In cases 1 and 2 the floor of the right atrium was
placed above the posterior part of the ventricular
septum and the posterior ventricular wall. There-
fore no potential connection existed between the
right atrium and a ventricular chamber, and this
can be adequately designated as absent right atrio-
ventricular connection, as previously suggested by
others.'3 In case 3 the floor of the right atrium was
placed above the left ventricular cavity. Though no
remnant of a right atrioventricular valve was
observed in this case and the description absent
atrioventricular connection may, therefore, be
correctly used, the direct relation of the right
atrium to the left ventricular cavity suggesting
the presence of a potential connection22 of double
inlet left ventricular type may be considered too.
Our cases show an unusual type of double outlet

atrium. As defined by Van Mierop,2 this is a condi-
tion in which either the right or the left atrium
empties into both ventricles. That condition can
exist with a common atrioventricular valve,2 8 a

shows outlet atresia and the blood has to cross an
atrial septal defect to reach the ventricles; such a
septal defect, as in cases we have seen, may be either
a patent foramen ovale, an ostium secundum, a
sinuatrial, or an ostium primum defect.
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