British Heart Journal, 1974, 36, 539-553.

Arterioventricular relations and their classification

Two specimens of arterioventricular discordance and
review of published reports

Maria V. de la Cruz, Mireya Amoedo, Fermin Rivera, and Fause Attie
From the Department of Embryology, Instituto Nacional de Cardiologia, México 7, D.F.

We present a theory which makes it possible to interpret the relation between the different types of truncoconal
morphologies and the position of the ventricles, to establish the atrioventricular relations, and to integrate them
in the context of the corresponding visceral situs. This theory is based on findings from experimental embryology,
i.e. that the cardiac tube is constituted by three segments with specific features which appear at different de-
velopmental stages and which give rise to three different heart regions (the atria, the ventricles, and the great
arteries with their valvular planes) and on the evidence that the heart is formed by two cardiac primordia with
different developmental potentialities.

By means of this theory we systematize the relation of the great arteries and their valvular planes with the
position of the ventricles and the atria with the ventricles. We divide the relations of the great arteries with
the position of the ventricles into two groups: with arterioventricular concordance and with arterioventricular
discordance. Arterioventricular concordance is so called because the relation between the great arteries, and
their valvular planes, in the three truncoconal morphologies, allows the spatial position of the ventricles
to be identified. In the morphology with crossed great arteries, a pulmonary artery directed from right to
left indicates that the anatomically right ventricle is on the right, and one directed from left to right indicates
that the anatomically right ventricle is on the left side. In the morphology with transposition of the great
arteries, and in partial distorsion of the great arteries, an aorta placed on the right side of the pulmonary
artery indicates that the anatomically right ventricle is placed on the right side and one placed on the left
side of the pulmonary artery indicates that the anatomically right ventricle is placed on the left side.
Arterioventricular discordance is so called because the relation of the great arteries between themselves, and
their valvular planes, in the three truncoconal morphologies does not agree with the position of the ventricles,
and therefore they do not permit the identification of the spatial position of these cavities.

Each of the above groups comprises two subgroups: with atrioventricular concordance (anatomically right
atrium connected with the anatomically right ventricle) and with atrioventricular discordance (anatomically
right atrium connected with the anatomically left ventricle). Consequently there are four anatomo-embryo-
logical entities.

1) Arterioventricular concordance with atrioventricular concordance This entity includes the normal
heart and all the congenital cardiopathies in which there is a normal atrioventricular relation and in which
the relations of the great arteries with their valvular planes are concordant with the position of the ventricles.
. 2) Arterioventricular concordance with atrioventricular discordance The most representative cardio-
pathy in this group is the so-called corrected transposition of the great arteries, which arises from a develop-
r;e;,lta’ll disturbance which affects simultaneously the truncus and the bulboventricular loop, causing inversion
of both.

3) Arterioventricular discordance with atrioventricular concordance This arises from an isolated
tnversion of the truncus.

4) Arterioventricular discordance with atrioventricular discordance This is caused by an isolated
inversion of the bulboventricular loop.

The last two entities constitute an extremely rare group of cardiopathies of which two examples from our
own series are presented. The reports describing this rare group are reviewed.
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The majority of reported cases of transposition of
the great arteries, partial distorsion of the great
arteries, and crossed arteries indicates that there is a
concordance between the relation of the great
arteries and their valvular planes with the spatial
position of the ventricles. This has made possible the
establishment of some rules (De la Cruz and Nadal-
Ginard, 1972) for the identification of the spatial
position of the ventricles from the orientation of the
great arteries. Van Praagh er al. (1964) have also
related the position of the great arteries with the
type of bulboventricular loop. On the other hand,
there is a small group of congenital cardiopathies
in which it is not possible to identify the position of
the ventricles, nor, therefore, the type of the loop
by means of the relation of the great arteries with
each other (Van Praagh, 1972).

Recent embryological research (Castro-Quezada,
Nadal-Ginard, and De la Cruz, 1972) has shown that
the heart tube has three different segments each of
which gives origin to an anatomical region with
specific anatomical features. These segments are 1)
the bulboventricular loop, which gives rise to the
conus and the ventricles, 2) the truncus, which
forms the ascending portion of the aortic arch and
the trunk of the pulmonary artery with their
respective valvular planes, and 3) the atrial part,
which forms the right and left atria. Each of these
segments is constituted of two primordia with
different developmental potentialities. These em-
bryological facts, and the anatomical findings
obtained from the study of the relations between the
atria and the ventricles and between the great
arteries and the position of the ventricles in the
normal heart and congenital cardiopathies, have
enabled us to propose a theory which is presented
here. This theory makes it possible to understand
not only the large group in which the great arteries
and their valvular planes agree with the position of
the ventricles (arterioventricular concordance), but
also the smaller discordant group in which the
relation of the great arteries with each other and
their valvular planes with each other do not permit
the spatial identification of the ventricles. This
theory has enabled us also to integrate both these
groups with the possible atrioventricular relations.

We present, also, a systematization of the above
relations and of the nomenclature, with a review of
the cases previously published (Martinez-Picé and
Muiioz, 1967; Pérez-Trevifio, Hurtado del Rio,
and Holden, 1972; Van Praagh and Van Praagh,
1966, 1967; Anderson, Arnold, and Jones, 1972;
Lev and Rowlatt, 1961), in which the relations of the
great arteries and their vulvular planes does not
correspond with the position of the ventricles. Two

of our own specimens belonging to this group are
presented.

Embryological considerations

Experimental embryology has proved that there are
three different segments in the embryonic heart
which appear at different stages of development
(Castro-Quezada et al., 1972), i.e. the bulboven-
tricular loop, the atria, and the truncus. Each of
these segments gives origin, respectively, to the ven-
tricles, the atria, and the great arteries with their
valvular planes (ascending portion of the aorta and
pulmonary artery trunk). It is known that the bulbo-
ventricular loop and the truncus are formed by the
two cardiac primordia, right and left, while in the
formation of both atria there is only one cardiac
primordium involved. (Rosenquist and DeHaan,
1966; Stalsberg and DeHaan, 1969). Experimental
embryology has shown that the morphological
expression of each of these primordia, when
separated from each other, is different (Nadal-
Ginard and Garcia, 1972). It has also been estab-
lished that the aortic and pulmonary sigmoid valve
cusps originate in the walls of the truncus (Van
Mierop, 1969) and that the conus forms part of the
bulboventricular loop (Castro-Quezada et al., 1972}
Rosenquist and DeHaan, 1966; Stalsberg and
DeHaan, 1969; Van Mierop, 1969). These embryo-
logical considerations allow us to interpret a group
of congenital cardiopathies.

1) Arterioventricular concordance with atrio-
ventricular concordance in situs solitus (Fig. 1
A and 2A, B, C)

The normal concordant relation in situs solitus
between the atria, the ventricles, and the arterial
pedicle is because the right cardiac primordium has
developmental potentialities of the right primordium
and the left primordium has developmental poten-
tialities of the left for the atria, the bulboventricular
loop, and the trunk (De la Cruz et al., 1967) (Fig.
IA, a,). This results in the anatomically right atrium
being on the right (visceroatrial concordance) (Fig.
IA, a,, ag), the development of a bulboventricular
loop convex to the right and concave to the left (ana-
tomically right ventricle on the right side) (Fig. 1A,
aj, a5), the anatomically right atrium communicating
with the anatomically right ventricle, both on the
right side (atrioventricular concordance)* (Fig. 1A,
a5, ag), the truncus septum being oriented nor-

1 Atrioventricular concordances are characterized by the
anatomically right atrium communicating with the anatomi-
cally right ventricle and both being placed on the same side,
independently of their position in the chest. In situs solitus
they are both on the right; in situs inversus on the left.
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FIG. I Diagrams representing the relation of the different segments of the embryonic heart
with the various anatomical structures which originate from each of those segments during the
looping stage. The black areas represent the halves of the cardiac tube with developmental
potentialities of the right primordium, and the white areas the halves of the tube with left prim-
ordial developmental potentialities. a,) Ventral view of normal development of the cardiac
tube. by) Diagram representing the inversion of the cardiac primordia at the level of the truncus
and the bulboventricular loop simultaneously. c,) Diagram representing the inversion of the
primordia affecting the truncus exclusively. di) Diagram representing the inversion of the
primordia affecting the bulboventricular loop exclusively. a,, bs, oy dg) Crossed arteries. as,
b3, ¢35 ds) Transposition of the great arteries. aq, by, ¢4, dy) Partial distorsion of the great arter-
1es. as, bs, Cs, ds) Spatial position of the ventricles. ag, be, cs ds) Spatial position of the atria.
The arrows indicate the atrioventricular relation.

Key to abbreviations: D-DTR = Dextrodorsal truncus ridge. S—V TR = Sinistroventral
truncus ridge. D-V TR = Dextroventral truncus ridge. S—-DTR = Sinistrodorsal truncus ridge.
T = Truncus. B-VL = Bulboventricular loop. RA=Right atrium. LA = Left atrium. RV =
Right ventricle. LV = Left ventricle. P= Pulmonary artery. Ao = Aorta.

mally from right to left (Fig. 1A, a,) in either of its
three fundamental morphologies with normal tor-
sion (crossed arteries) (Fig. 1A, ay), or straight (De
la Cruz and da Rocha, 1956) (transposition of the
great arteries?) (Fig. 1A, a3), or with a 90° rotation
1 We define transpositions of the great arteries as a condition
with an aorta arising in front of the horizontal portion of the
crista supraventricularis, occupying an anterior position with
respect to the pulmonary artery and parallel to it in the
sagittal plane.

(De la Cruz and da Rocha, 1956) (partial distorsion
of the great arteries') (Fig. IA, a,), so that the
arterial pedicle and its valvular planes are concordant
with the position of the ventricles (Fig. 1A, a, to ag
and Fig. 2A, B, C). Thus, the pulmonary artery
directed from right to left in the morphology of
1 In partial distorsion, the pulmonary artery arises in front of

the horizontal portion of the crista supraventricularis and both
arteries are parallel on the frontal plane.
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FIG. 2 Diagrams representing the concordant and discordant relations of the great arteries
and their valvular planes with the position of the ventricles in the three truncoconal morpholo-
gies, integrated with the atrioventricular relations (concordant and discordant) in the context of

situs solitus.

Key to abbreviations: RA = Right atrium. LA = Left atrium. Ao= Aorta. PA = Pulmonary
artery. A= Aortic sigmoid valve cusps. P=Pulmonary sigmoid valve cusps. A-V = Atrio-

ventricular.

crossed arteries and the position of the aorta to the
right of the pulmonary artery in transposition of the
great arteries and in partial distorsion of the great
arteries, indicate that the anatomically right ven-
tricle is situated to the right (De la Cruz and Nadal-
Ginard, 1972) (Fig. 1A, a, to a5 and Fig. 24, B, C).
This group includes the normal heart and all the
cardiopathies with atrioventricular concordance and

concordance of the great arteries and their valvular
planes with the position of the ventricles.

2) Arterioventricular concordance associated
with atrioventricular discordance in situs
solitus (Fig. 1B and 2D, E, F)

Atrioventricular discordance with concordance of
the great arteries and the ventricles may be caused,
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as previously pointed out (De la Cruz et al., 1967),
by an inversion of the developmental potentialities
of the heart primordia so that the right primordium
has potentialities of the left one and vice versa, the
condition affecting only the truncus and the bulbo-
ventricular loop but not the atria (compare Fig. 1
B, b, with 1A, a;). This would cause the anatomi-
cally right atrium to be on the right side (viscero-
atrial concordance) (Fig. 1B, b,, bg), and the bulbo-
ventricular loop to be developed convex to the left
and concave to the right which is abnormal for
situs solitus (anatomically right ventricle placed on
the left) (compare Fig. 1B, b,, bs with 1A, a,, a;)
so that the anatomically right atrium would com-
municate with the anatomically left ventricle
placed on the right (atrioventricular discordance')
(Fig. 1B, bs, be) and the dextrodorsal ridge of the
truncus would be sinistrodorsal with the sinistro-
ventral becoming dextroventral. Therefore, the
truncal ridges would be abnormally oriented in re-
lation to their right and left position and not dorso-
ventral (compare Fig. 1B, b,, with 1A, a,). This
alteration would give rise to a truncus septum
oriented from left to right in any of the three funda-
mental morphologies with a torsion of 180°
(crossed arteries), straight (transposition of the
great arteries), or with a 9o° rotation (partial dis-
torsion of the great arteries) which would cause the
arterial pedicle and its valvular planes to be concor-
dant with the position of the ventricles and discor-
dant with the atria (compare Fig. 2D, E, F with 2
A, B, C). Consequently, the pulmonary artery
directed from left to right with crossed arteries, and
the position of the aorta to the left of the pulmonary
artery in transposition of the great arteries and in
partial distorsion of the great arteries, indicates that
the anatomically right ventricle is placed on the left
(De la Cruz and Nadal-Ginard, 1972) (Fig. 1B,
b, to bs and Fig. 2D, E. F). These cardiopathies are
characterized by a discordance of the attia with the
ventricles and the arterial pedicle and a concordance
of the pedicle and its valvular planes with the position of
the ventricles. This malformation in transposition
of the great arteries has been designated corrected
transposition of the great arteries.

3) Arterioventricular discordance associated
with atrioventricular concordance in situs
solitus (Fig. 1C and 2G, H, I)

An abnormal, discordant, relation of the great
arteries and their valvular planes with the position of

1 Atrioventricular discordances are characterized because the
anatomically right atrium communicates with the anatomi-
cally left ventricle independently of their position in the chest.
In situs solitus both are on the right; in situs inversus, both
are on the left.

the ventricles together with atrioventricular con-
cordance in situs solitus could be caused by an in-
version of the developmental potentialities of the
heart primordia, so that the right primordium has
developmental potentialities of a left one and vice
versa but affecting exclusively the truncus and not
the bulboventricular loop or the atria (compare Fig.
1C, ¢, with 1A, a,). This would cause the anatomi-
cally right atrium to be placed on the right (viscero-
arrial concordance) (Fig. 1C, c;, Cg), a normal bulbo-
ventricular loop to be developed for its situs solitus,
i.e. convex to the right and concave to the left (anato-
mically right ventricle on the right side) (compare
Fig. 1C, ¢, cs with 1A, a;, as), the anatomically
right atrium to communicate with the anatomically
right ventricle placed on the right side (atrioven-
tricular concordance) (Fig. 1C, cs, cg) but the dextro-
dorsal ridge of the truncus to be sinistrodorsal and
the sinistroventral to be dextroventral because the
right half of the truncus had left developmental
potentialities and vice versa (compare Fig. 1C, c,
with 1A, a,). This disturbance would give rise to a
truncus septum oriented from left to right in any of
the three fundamental morphologies (crossed
arteries, transposition of the great arteries, and par-
tial distorsion of the great arteries) which would
cause the arterial pedicle and its valvular planes to be
discordant with the position of the ventricles and of
the atria (compare Fig. 2G, H, I with 2A, B, C).
Consequently, the pulmonary artery directed from
left to right in the morphology of crossed arteries,
and the position of the aorta to the left of the pul-
monary artery in transposition of the great arteries
and in partial distorsion of the great arteries, would
not indicate that the anatomically right ventricle is
placed on the left side; on the contrary, they are
associated with an anatomically right ventricle placed
on the right (compare Fig. 2G, H. I with 2D,
E, F). These cardiopathies are characterized by
atrioventricular concordance but discordance of the
great arteries and their valvular planes with the
position of the ventricles.

4) Arterioventricular discordance associated
with atrioventricular discordance in situs
solitus (Fig. 1D and 2J, K, L.)

An abnormal, discordant, relation of the arterial
pedicle with the ventricles in the variety of atrio-
ventricular discordance in situs solitus, could be
caused by an inversion of the developmental poten-
tialities of the heart primordia, in such a way that
the right primordium would have developmental
potentialities of the left one and vice versa but
affecting only the bulboventricular loop and not the
truncus or the atria (compare Fig. 1D, d; with 14,
a;). This would determine that the anatomically
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Diagrams representing the concordant and discordant relations of the great arteries

and their valvular planes with the position of the ventricles in the three truncoconal morpho-
logies, integrated with the atrioventricular relations (concordant and discordant) in the context

of situs inversus.

Key to abbreviations: RA = Right atrium. LA = Left atrium. Ao= Aorta. PA= Pulmonary
artery. A= Aortic sigmoid valve cusps. P= Pulmonary sigmoid valve cusps. A-V = Atrioven-

tricular.

right atrium is placed on the right (visceroatrial
concordance) (Fig. 1D, d;, dg), that the bulboven-
tricular loop develops abnormally for its situs soli-
tus, convex to the left and concave to the right
(anatomically right ventricle placed on the left side)
(compare Fig. 1D, d,, ds with 1A, a,, a5), and that,
consequently, the anatomically right‘atrium com-

municates with the anatomically left ventricle, both
located on the right side (atrioventricular discord-
ance) (Fig. 1D, ds, dg), with the truncus ridges de-
veloping normally according to the situs, dextro-
dorsal, and sinistroventral (compare Fig. 1D, d,
with 1A, a,). Consequently, the truncus septum
would be oriented from right to left in any of its
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three fundamental morphologies (crossed arteries,
transposition of the great arteries, and partial
distorsion of the great arteries) which in turn will
cause the arterial pedicle and its valvular planes to be
discordant with the position of the ventricles and con-
cordant with the atria (compare Fig. 2], K, L with
2D, E, F). Therefore, the pulmonary artery directed
from right to left in the morphology with crossed
arteries, and the position of the aorta to the right of
the pulmonary artery in transposition of the great
arteries, and in partial distorsion of the great arteries,
would not indicate that the anatomically right ven-
tricle is placed on the right; on the contrary, they
are associated with an anatomically right ventricle
placed on the left side (compare Fig. 2], K, L. with
2A, B, C). These cardiopathies are characterized by
atrioventricular discordance with discordance of the
great arteries and their valvular planes with the
position of the ventricles.

It has previously been pointed out that it is quite
probable that situs inversus may be caused by the
right hemiblastoderm having left-sided features and
vice versa (De la Cruz et al., 1967). In that case, the
normal right heart primordium of situs inversus
will have developmental potentialities of the left
primordium. On this basis, we can interpret the
different varieties of concordance and discordance
in situs inversus between the three segments which
characterize the embryonic heart: the atria, the
bulboventricular loop (ventricles), and the truncus
(arterial pedicle) will give rise to anatomical mirror-
images with respect to those in situs solitus (com-
mare Fig. 2 with Fig. 3).

Anatomical features, classification, and
nomenclature

From the embryological concepts outlined above,
an anatomical characterization of discordances and
concordances of the great arteries and their valvular
planes with the position of the ventricles may be
given, thus establishing their relation with the atria,
and allowing us to systematize them and develop a
proper nomenclature.

1) Anatomical characteristics of concordance
and discordance of the great arteries with the
ventricles

A) Arterioventricular concordance In con-
cordance of the arterial pedicle with the position of
the ventricles, the valvular planes in the three
truncoconal morphologies (previously listed) corres-
pond to the position of the ventricles, whether the
anatomically right ventricle is placed on the right
or on the left side (Fig. 2A to F and 3A to F).
Furthermore, the rules, previously established (De
la Cruz and Nadal-Ginard, 1972) which apply for

the recognition of the position of the ventricles by
means of the relation of the great arteries to each
other, are complied with. Thus, in crossed arteries a
pulmonary artery directed right to left-indicates
that the anatomically right ventricle is placed on the
right side (Fig. 2A and 3D) and if this artery is
directed from left to right, the anatomically right
ventricle is on the left side (Fig. 2D and 3A). In
transposition of the great arteries and in partial
distorsion of the great arteries, the position of the
aorta with respect to the pulmonary artery serves to
determine the position of the anatomically right
ventricle. Thus, an aorta placed on the right side of
the pulmonary artery indicates that the anatomically
right ventricle is on the right side (Fig. 2B, C and 3E,
F), and an aorta placed on the left side of the pul-
monary artery indicates that the anatomically right
ventricle is placed on the left side (Fig."2E, F and
3B, C).

B) Arterioventricular discordance In dis-
cordances of the arterial pedicle with the position of
the ventricles, the valvular planes are related spatially
in the three truncoconal morphologies exclusively
with the spatial orientation of the great arteries and
not with the position of the ventricles, unlike the
situation when there is concordance of the great
arteries with the position of the ventricles (compare
G to L with A to F in Fig. 2 and 3). Therefore, in
the case of crossed arteries with an anatomically
right ventricle placed on the right, the valvular plane
appears as the one observed when in this truncoconal
morphology the anatomically right ventricle is on the
left side (compare G with D in Fig. 2); in transposi-
tion of the great arteries, and in partial distorsion
of the great arteries, with an anatomically right
ventricle placed on the right, the valvular plane is
that which one sees in these same truncoconal
morphologies, when the anatomically right ventricle
is on the left side (compare H with E and I with F
in Fig. 2). The rules previously proposed (De la
Cruz and Nadal-Ginard, 1972) for the determina-
tion of the position of the ventricle from the spatial
orientation of the great arteries, when therée is con-
cordance between the truncus and the bulboventric-
ular loop (between the great arteries and their
valvular planes with the position of the ventricles),
cannot be applied when there is discordance between
the truncus and the loop. Thus, in crossed arteries,
the direction of the pulmonary artery does not indi-
cate the position of the anatomically right ventricle
and, therefore, a pulmonary artery directed from right
to left is associated with the anatomically right ven-
tricle placed on the left (compare Fig. 2] and 3G
with 2A and 3D) and a pulmonary artery directed
from left to right is associated with an anatomically
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right ventricle placed on the right side (compare
Fig. 2G and 3] with 2D and 3A), which is the
opposite of what happens when there is concordance
of the great arteries and their valvular planes with
the position of the ventricles. In transposition of
the great arteries and in partial distorsion of the great
arteries, the position of the aorta with respect to the
pulmonary artery does not permit the identification
of the position of the anatomically right ventricle.
Thus, an aorta placed on the right side of the pul-
monary artery is associated with an anatomically
right ventricle placed on the left side (compare Fig.
2K, L and 3H, I with 2B, C and 3E, F) and an aorta
placed on the left side of the pulmonary artery is
associated with an anatomically right ventricle
placed on the right side (compare Fig. 2H, I and 3
K, L with 2E, F and 3B, C), as opposed to what
happens when there is concordance of the arterial
pedicle with the position of the ventricles. In both
arterioventricular concordance and discordance, the
important thing is the relation of the great arteries
and their valvular planes to the position of the
ventricles, regardless of from which ventricle these
vessels emerge.

2) Classification

After establishing the anatomico-embryological
criterion for interpretation and identification of dis-
cordance of the great arteries and their valvular
planes with the ventricles, it is necessary to con-
sider the atrioventricular relations, in order to derive

a classification which is useful both for the anatomist
and the clinician (Table).

3) Nomenclature

The group of cardiopathies in which the orientation
of the great arteries and their valvular planes does
not correspond with the spatial position of the ven-
tricles may be named ‘discordant’ in addition to the
denomination of the truncoconal morphology. Thus,
discordant crossed arteries, discordant transposition
of the great arteries, discordant partial distorsion of
the great arteries would be appropriate designations.
As noted above, the arterioventricular discordance
may be due, from an embryological standpoint, to a
disturbance of the bulboventricular loop or of the
truncus. In the first case, the arterioventricular dis-
cordance will associate with atrioventricular dis-
cordance, for which reason the nomenclature could
be, for example, discordant transposition of the great
arteries with atrioventricular discordance. In the
second case, the cardiopathy will only have arterio-
ventricular discordance and could be designated, for
example, discordant crossed arteries, since the atrio-
ventricular concordance is present implicitly. In the
group of cardiopathies with arterioventricular con-
cordance and atrioventricular discordance the
designation could be, for example, atrioventricular
discordances with transposition of the great arteries, a
malformation commonly known as corrected trans-
position of the great arteries (Van Praagh, 1972).

TABLE
r 3N
Relation With atrioventricular
between | I: Arterioventricular oopoorda:nce . In
the great concordance X;cd; rgxncgcnmcular situs
arteries* J solitus
with the . . . or in
ventricles | II: Arterioventricular g;t‘l:ao:;:l:::nmcuhr situs
:xtﬁathe discordance With atrioventricul inversus
L discordance

J

* Under the denomination of ‘great arteries’ the three truncoconal morphologies crossed arteries, transposition of the great
arteries, and partial distorsions of the great arteries are included.

F1G. 4 Specimen No. 3334. Anatomical specimen of a case of arterioventricular discordance
with atrioventricular discordance in situs solitus and crossed arteries. A) Internal view of the
anatomically right atrium (RA) communicating with the anatomically left ventricle (LV) both
located on the right side. B) Internal view of the anatomically left atrium (LA) communicating
with the anatomically right ventricle (RV') both located on the left side. C) Internal view of
the anatomically right ventricle (RV') located on the left side, from which the pulmonary
artery arises (PA) in front of the horizontal portion of the crista supraventricularis (CS). D)
External view of the heart and the great arteries. Note that the pulmonary artery (PA) crosses
the aorta ventrally and is directed from right to left despite the fact that the anatomically right

ventricle is located on the left side.



548 De la Cruz, Amoedo, Rivera, and Attie

FIG. § Specimen No. 3965. Anatomical specimen of a case of arterioventricular discordance
with atrioventricular concordance in situs solitus with transposition of the great arteries. A)
Internal view of the anatomically right atrium (RA) communicating with the anatomically
right ventricle (RV') both located on the right side. B) Internal view of the anatomically right
ventricle (RV') located on the right, from which the aorta arises (Ao) in front of the horizontal
portion of the crista supraventricularis (CS). Note the stylus placed in the pulmonary artery
(PA) which arises from this ventricle. The aorta (Ao) is located on the left of the pulmonary
artery (PA). C) External view of the heart. Note the aorta (Ao) anterior, parallel and
located on the left side of the pulmonary artery (PA), despite the fact that the anatomically
right ventricle (RV') is located on the right; anatomically left ventricle (LV) located on the
left side. D) Internal view of the anatomically left atrium (LA) communicating with the ana-
tomically left ventricle (LV') both located on the left side.
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FIG. 6 Diagram representing the anatomical specimens of our collection and those of the
literature exhibiting arterioventricular discordance and atrioventricular concordance or dis-

cordances. For references, see text.

Key to abbreviations: RA=Right atrium. LA = Left atrium. RV = Right ventricle. LV =
Left ventricle. A= Aortic sigmoid valve cusps. P = Pulmonary sigmotd valve cusps.

Illustrative cases

1) Anatomical description of our cases

Specimen No. 3334 (Fig. 4) This is an example of
situs solitus. The atrium placed on the right has the
anatomical features of a right atrium (crista terminalis,
sinus portion and pectineal muscles (Fig. 4A)) and
receives both the superior and inferior venae cavae. It
exhibits an atrial septal defect of the fossa ovalis type
and it communicates by way of an atrioventricular

orifice, which in turn exhibits three valvular leaflets,
with a ventricle placed on the right side which has the
anatomical features of a left ventricle: two groups of
papillary muscles, smooth septal surface in its upper two-
thirds and trabeculated in its lower third (Fig. 4A).
There is hypertrophy and dilatation of this chamber and
a ventricular septal defect in the membranous portion
with the aorta straddling the septum equally over each
ventricle. The infundibulum of this ventricle is directed
from right to left and from the back foward, while the
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aorta arising from it is oriented from the back forward
and from left to right, that is, opposite to the spatial
orientation of the infundibulum. The aortic valvular
plane with respect to the pulmonary valvular plane cor-
responds to the orientation of the aorta and not that of
its infundibulum.

The four pulmonary veins connect to a common sinus
which enters the atrium placed on the left side which ex-
hibits smooth walls, a feature characteristic of an ana-
tomically left atrium (Fig. 4B). This chamber communi-
cates by way of an atrioventricular orifice, guarded
by three leaflets, with the ventricle bearing the anatom-
ical features of a right ventricle: the anterior papillary
muscle, the moderator band, the septal and horizontal
portion of the crista supraventricularis, and a septal
surface which is trabeculated all over (Fig. 4B, C). The
interventricular septal defect is seen behind the hori-
zontal portion of the crista supraventricularis, and in
front of this structure the pulmonary artery originates
from an infundibulum directed from left to right and
from the back forward, while the pulmonary artery
which crosses the aorta ventrally is oriented from the
front backward and from right to left, i.e. opposite to the
spatial orientation of the infundibulum (compare C with
D in Fig. 4). The pulmonary valvular plane, with respect
to the aortic valvular plane corresponds with the orienta-
tion of the pulmonary artery and not with that of its
infundibulum.

The orientation of the valvular planes and of the great
arteries between themselves is that which ordinarily
corresponds with crossed arteries when the anatomically
right ventricle is placed on the right, whereas, in this
case, the anatomically right ventricle is placed on the
left (Fig. 4C).

Diagnosis: Situs solitus. Discordant crossed arteries.
Atrioventricular discordance. Atrial and ventricular
septal defects. Abnormal number of valvular leaflets.
Persistence of the sinus of the pulmonary veins opening
into the left atrium.

Specimen No. 3965 (Fig. 5) This is also an example of
situs solitus. The atrium placed on the right side has the
anatomical features of a right atrium (crista terminalis,
sinus portion, and pectineal muscles (Fig. 5A)) and it
receives the superior and the inferior venae cavae. It
exhibits an atrial septal defect of the fossa ovalis type
and it communicates by way of an atrioventricular
orifice, guarded by three valvular leaflets, with a ven-
tricle placed on the right side exhibiting the anatomical
features of a right ventricle: horizontal and septal por-
tions of the crista supraventricularis, anterior papillary
muscle, moderator band, and a characteristic trabecu-
lated septal surface (Fig. 5A, B). The aorta arises in
front of the horizontal portion of the crista supraven-
tricularis, and it is anterior, parallel to, and placed on the
left side of the pulmonary artery (Fig. 5B, C). The pul-
monary artery originates from this ventricle exclusively,
behind the crista supraventricularis (Fig. 5B); its
valvular orifice is placed on the right side with respect to
the aortic orifice and with a bulbar muscle which sep-
arates it from the tricuspid orifice. There is hypertrophy

of the walls of this chamber. There is a large ventricular
septal defect of the midposterior type which extends
from the posterior aspect of the crista supraventricularis
to the posterior wall of the heart.

The four pulmonary veins drain separately into the
atrium placed on the left side. It exhibits smooth walls,
i.e. features pertaining to the anatomically left atrium
(Fig. sD). This chamber is dilated and it communicates
by way of an atrioventricular orifice, guarded by two
valve leaflets, with a ventricle bearing the features of an
anatomically left ventricle: two groups of papillary
muscles, smooth septal surface in the upper two-thirds
and trabeculated in the lower third (Fig. sD). This
chamber is dilated and its walls are hypertrophied; no
vessel originates from it. The orientation of the valvular
planes, as well as the relation of the aorta with respect to
the pulmonary artery, is that seen in transposition of the
great arteries when there is a double outflow tract of an
anatomically right ventricle placed on the left side,
whereas, in this case, the anatomically right ventricle is
placed on the right (Fig. 5B, C).

Diagnosis: Situs solitus. Discordant transposition of
the great arteries. Double outlet of the anatomically right
ventricle. Atrial and ventricular septal defects.

Discussion

Our cases and the material previously reported in
connexion with discordance of the great arteries
with the position of the ventricles will be grouped
according to the three truncoconal morphologies,
i.e. crossed arteries, partial distorsion of the great
arteries, and transposition of the great arteries, in
order to facilitate discussion.

In the group of crossed arteries, we have found
four specimens with discordance of the great
arteries with the position of the ventricles (dis-
cordant great arteries). The cases are those of Van
Praagh and Van Praagh (1966), Martinez-Pic6 and
Muiioz (1967), Pérez Trevifio et al. (1972), and our
own specimen No. 3334, described above. All have
the aorta and the pulmonary artery crossing each
other in space and the pulmonary artery directed
from right to left as ordinarily seen when the
anatomically right ventricle is on the right. Also,
the relation of their valvular planes corresponds to
that of an anatomically right ventricle placed on the
right (compare Fig. 6A, B, C, and D with 2A). Itis
important, however, to point out that in these in-
stances, the anatomically right ventricle is placed on
the left (Fig. 4C and 6A, B, C, D). Therefore, the
relation between the great arteries and their valvular
planes with the position of the ventricles is that
which is seen in arterioventricular discordances
when the anatomically right ventricle is on the left
side (compare Fig. 6A, B, C, D with 2j) (discordant
crossed arteries). Also, the four specimens have the
anatomically right atrium placed on the right side
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and it communicates with the anatomically left ven-
tricle placed on the same side (atrioventricular dis-
cordance) (Fig. 6A, B, C, and D). This latter
feature makes us include these specimens in the
subgroup of discordant crossed arteries with atrio-
ventricular discordance (Fig. 2]) which is an anatom-
ical condition caused, from the embryological stand-
point, by a disturbance affecting exclusively the
bulboventricular loop (Fig. 1D). On the other hand,
the case published by Espino-Vela et al. (1970) cor-
responds to the group of atrioventricular discord-
ances (anatomically right atrium with anatomically
left ventricle) with crossed arteries in situs inversus
(anatomically right atrium on the left side) but with
concordance of the great arteries with the position
of the ventricles (Fig. 3D), since the direction of the
pulmonary artery and the relation of the valvular
planes are those observed when the anatomically
right ventricle is on the right side as in this case
(compare Fig. 2A with 3D). Therefore, the case of
Espino-Vela et al. (1970) owes its origin to an em-
bryological disturbance affecting simultaneously the
truncus and the bulboventricular loop in situs inversus
which determines the atrioventricular discordance
and the concordance of the great arteries and their
valvular planes with the position of the ventricles, so
that this malformation was not caused by an isolated
inversion of the bulboventricular loop (Van Praagh,
1972). There is another case, previously published
by us (De la Cruz and Nadal-Ginard, 1972), of
atrioventricular discordance in situs solitus with
crossed arteries and with arterioventricular concord-
ance also (Fig. 2D). Therefore, the direction of the
pulmonary artery and the relation of its valvular
planes are those seen when the anatomically right
ventricle is on the left side, as was the case in the
specimen (compare Fig. 2D with 3A). It was thus
caused by an embryological disturbance affecting the
loop and the truncus simultaneously as the case of
Espino-Vela et al. (1970) but occurring in situs
solitus (Fig. 1B, b,, by, bs, bg). In fact, the only cases
so far described, which illustrate isolated ventricular
inversion (Van Praagh and Van Praagh, 1966) with
crossed arteries, are these four (Fig. 2], and 6A,
B, C, and D) in which the embryological disturb-
ance took place exclusively in the bulboventricular
loop without affecting the truncus (Fig. 1D).

In the group of partial distorsion of the great
arteries, we have found 3 specimens described,
which belong to discordance of the great arteries
with the position of the ventricles (discordant partial
distorsions of the great arteries). Two of the speci-
mens (Van Praagh, 1972 ; Anderson et al., 1972) have
the aorta and the aortic plane to the left of the pul-
monary artery and its sigmoid valve cusps (Fig. 6E
and G), a relation observed when the anatomically

right ventricle is placed on the left side in partial
distorsion of the great arteries (Fig. 2F and 3C).
It is important to point out, however, that these
cases had an anatomically right ventricle placed on
the right side (compare Fig. 6E with 2F and 6G with
3C). Therefore, the relation of the great arteries
and their valvular planes with the position of the
ventricles is that seen in discordance of the great
arteries with the ventricles when the anatomically
left ventricle is placed on the left (compare Fig. 6E
with 2I and Fig. 6G with 3L). The other case of
Van Praagh and Van Praagh (1967) shows the aorta
and aortic valvular plane on the right side of the
pulmonary artery and its sigmoid valve cusps (Fig.
6F), a relation seen when the anatomically right
ventricle is placed on the right side in partial dis-
torsion of the great arteries (Fig. 2C and 3F). It is
important to point out, however, that this case had
the anatomically right ventricle placed on the left
side (compare Fig. 6F with 2C), for which reason
the relation of the great arteries and their valvular
planes with the position of the ventricles is that
which is seen in discordance of the great arteries with
the position of the ventricles when the anatomically
left ventricle is placed on the right side (compare
Fig. 6F with 2L).

Examining the atrioventricular relations of these 3
cases of discordant partial distorsion of the great
arteries, we find that one of the cases (Van Praagh
1972), which has the anatomically right ventricle
placed on the right also, had the anatomically right
atrium on the same side (the atria in the position of
situs solitus), showing, therefore, atrioventricular
concordance (Fig. 6E). Consequently this case be-
longs to the subgroup of discordant partial distorsion
of the great arteries with atrioventricular concordance,
caused by a disturbance affecting the truncus exclu-
stvely and in which anatomically the relation of the
great arteries and their valvular planes does not
correspond to the position of the ventricles, while
the atrioventricular relations are normal because the
bulboventricular loop is not involved and it de-
velops normally (Fig. 1C, c;, ¢4, Cs, Cg). The other
case of Van Praagh and Van Praagh (1967) had the
anatomically left ventricle placed on the right side
but the atrium located on the same side is the ana-
tomically right atrium (atria in the position of situs
solitus). This caused the anatomically right atrium
to communicate with an anatomically left ventricle
(atrioventricular discordance) (Fig. 6F). There-
fore, this case belongs in the subgroup of discordant
partial distorsions of the great arteries with atrio-
ventricular discordance, which originate because of a
disturbance affecting exclusively the bulboventricular
loop, which simultaneously determines the atrio-
ventricular discordance and that of the great arteries
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and their valvular planes with the position of the ven-
tricles (Fig. 1D, d;, d4, ds, dg). The case of Anderson
et al. (1972), referred to, had the anatomically right
ventricle on the right side and the anatomically
left atrium on the right side, which is the normal
position of the atria in situs inversus. Therefore,
the anatomically left atrium communicated with
the anatomically right ventricle both placed on the
same side, i.e. atrioventricular discordance (Fig. 6
G). Thus this case belongs to the subgroup of dis-
cordant partial distorsion of the great arteries with
atrioventricular discordance in situs inversus (com-
pare Fig. 6G with 3L). This malformation origin-
ates because of a disturbance affecting exclusively the
bulboventricular loop, which in this case developed
with a right-sided convexity and a left-sided
concavity which is abnormal for situs inversus. It
causes, simultaneously, the atrioventricular discor-
dance and that of the great arteries and their valvular
plane with the position of the ventricles. This case
of Anderson et al. (1972) in situs inversus is the
mirror-image of the case of Van Praagh and Van
Praagh (1967), which exhibits discordant partial
distortions of the great arteries with atrioventricular
discordance (compare Fig. 6G with 6F), since both
originated because of a disturbance affecting exclu-
sively the bulboventricular loop but in different situs.

In the group of transpositions of the great
arteries we have found 2 cases reported (Lev and
Rowlatt, 1961) and our own specimen No. 3965,
which belong in the group of discordant transposi-
tion of the great arteries. In our case, the transposed
aorta and aortic valvular plane are placed to the left
of the pulmonary artery and its sigmoid valve cusps
(Fig. 5C and 6H), a relation observed when the
anatomically right ventricle is placed on the left in
transposition of the great arteries (compare Fig. 2E
with 6H), but it is important to point out that this
case has the anatomically right ventricle placed on
the right (Fig. sB and 6H). Therefore, the relation
of the pedicle of the great arteries and their valvular
planes with the position of the ventricles is that
which is present in discordant transposition of the
great arteries when the anatomically left ventricle is
placed on the left (compare Fig. 6H with 2H). The
atrioventricular relations in this case were concor-
dant, since the anatomically right atrium placed on
the right side communicated with the anatomically
right ventricle placed on the same side (Fig. 5A and
6H). This malformation is due to an embryological
disturbance which affected only the truncus, for
which reason there is a discordance of the great arteries
and their valvular planes with the position of the
ventricles, while the atrioventricular relations remain
normal (atrioventricular concordance in situs solitus)
(Fig. 1G, ¢y, Ca, C55 Co)-

The two cases described by Lev and Rowlatt
(1961) also belong to the group of discordant trans-
position of the great arteries but with atrioventric-
ular discordance in situs solitus (compare Fig. 61
and J with 2K). This malformation is due to an
isolated inversion of the bulboventricular loop (Fig. 1
D) which causes simultaneously the atrioventricular
discordance and the discordance of the great arteries
and their valvular planes with the position of the
ventricles (Fig. 1D, d,, ds, ds, dg).

The so-called corrected transposition of the great
arteries (De la Cruz er al., 1959) or ventricular in-
version with transposition of the great arteries (De
la Cruz et al., 1967) is characterized by atrioven-
tricular discordance and concordance of the great
arteries and their valvular planes with the position
of the ventricles (Fig. 1B, bg, bs, bg and 2E and 3
E); it originates from an embryological disturbance
affecting the truncus and the bulboventricular loop
simultaneously (De la Cruz et al., 1967) (Fig. 1
B, by, b, bs, bg), in contrast, the main feature in
discordant transpositions of the great arteries is the
presence of the discordance of the great arteries
with the position of the ventricles, which may or
may not be associated with atrioventricular dis-
cordance (Fig. 2H, K and 3H, K). It follows that
the discordant transpositions of the great arteries
are caused by disturbances which affect only the
truncus or the loop (Fig. 1C and D).
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