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Normal and abnormal structure of the ventriculo-arterial

junctions
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HE NORMAL HEART POSSESSES TWO

ventriculo-arterial junctions — one for the aortic

valve, and the other for the pulmonary valve.
In the normal heart, these pulmonary and aortic roots
are discrete and separate structures, the subpul-
monary infundibulum being a free-standing muscular
sleeve, separated by extracardiac space from the out-
flow tract of the left ventricle. When considering the
congenital malformations that can distort these out-
flow tracts, it is conventional to categorise them as
existing at subvalvar, valvar, and supravalvar levels.
Such an approach, however, ignores the fact the valvar
leaflets themselves extend through a significant length
of the outflow tracts, with so-called supravalvar steno-
sis almost always involving the sinutubular junction,
this being an integral part of the mechanism that
normally ensures competent valvar closure. When
considering the lesions that involve abnormally struc-
tured outflow tracts, these are best analysed by recog-
nising the different features of the ventriculo-arterial
junctions, namely the way the arterial trunks are
joined to their underlying ventricles, the interrela-
tionships of the trunks one to the other, and the
arrangement of the supporting ventricular structures.
In this review, we will show how knowledge of the
arrangement of the normal junctions provides the
necessary scaffold for logical analysis of all the lesions
that can afflicc the outflow tracts, be they otherwise
normally or abnormally structured.

The normal ventriculo-arterial junctions

One of the ongoing debates in the approach to the
analysis of congenitally malformed hearts is whether
the cardiac segments are joined' or aligned? to one
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another. This, in turn, depends on the particular defi-
nition used for the extent of the ventricular mass. In
our opinion, the ventricular mass is the musculature
structure that extends from the atrioventricular to
the ventriculo-arterial junctions. It is the fibro-fatty
insulating tissues of the atrioventricular grooves that
separate the atrial and ventricular muscle masses,
this locus corresponding for the larger part with the
attachment of the leaflets of the atrioventricular valves.
The situation is subtly different at the ventriculo-
arterial junctions. The junctions themselves, when
assessed from the stance of their anatomy, are the cir-
cular areas where the ventricular musculature supports
the walls of the arterial valvar sinuses. This circular
locus is best seen in the morphologically right ven-
tricle, where a complete ring of ventricular muscle
supports the pulmonary arterial root (Fig. 1). This
muscular infundibulum supports the entirety of the
pulmonary root, forming a free-standing muscular
sleeve (Fig. 2). This can be removed in its entirety
from the ventricular base without encroaching on the
cavity of the left ventricle (Fig. 3). It is this anatomic
arrangement that makes possible the removal of the
pulmonary valve for use as an autograft in the Ross
procedure.” In the morphologically left ventricle,
the arrangement is different, since the ventricular
muscle supports only part of the aortic root. The
remainder of the aortic sinuses is supported by the
fibrous continuity that almost always exists between
the leaflets of the aortic and mitral valves (Fig. 4).
In both ventricles, nonetheless, because of this inter-
digitation of arterial valvar sinuses and ventricular sup-
port, each arterial root contains three fibrous triangles
that extend to the sinutubular junctions, while cres-
cents of ventricular wall, exclusively muscular in the
right ventricle, but in part muscular and in part fibrous
in the left ventricle, are incorporated at the base of each
arterial sinus. The semilunar attachments of the leaflets
then permits the valves to close together in competent
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fashion, the zones of apposition between the closed
leaflets extending from the centre of the valvar orifice
to the sinutubular junction (Fig. 5). Traditionally,
it is the peripheral attachments of the leaflets at the
sinutubular junction that are known as the “valvar
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Figure 1.

The normal pulmonary root has been opened and photographed from
the front. Note that the arterial walls of the pulmonary trunks are
supported throughout their circumference by the muscular pulmonary
infundibulum, the two joining across the anatomic ventricilo-
anatomic junction, with ends of this junction marked by the yellow
asterisks. This anatomic junction is then crossed by the semilunar
attachments of the leaflets of the pulmonary valve, with these being
attached to the sinutubular junction distally, but to the infundibu-
Lum proximally. Because of these semilunar attachments, parts of the
leaflets are supported by fibrous triangles extending to the sinutubu-
lar junction (green dotted lines drawn for two of the three triangles),
while the remaining parts are supported by the muscular infundi-
bulum (yellow dotted crescent drawn for each sinus).

Figure 2.

The base of the ventricular mass has been cleaned, and the pul-
monary root pulled forward relative to the aorta. Note the extracar-
diac tissue plane separating the two roots (double-headed arrow),
the sleeve of infundibulum supporting the pulmonary trunk, the cir-
cular ventriculo-arterial junction (yellow dotted line), and the site
of the first septal perforating artery (asterisk).
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commissures”. The entire lengths of the zones of
apposition must be competent, nonetheless, if the valve
is to close in appropriate fashion. The fibrous triangles
that separate the distal attachments of the valvar
leaflets as they extend to the sinutubular junction are
also of surgical significance, since incisions through
these areas take the surgeon outside the heart. The tri-
angle that separates the right and non-coronary leaflets
of the aortic valve is more significant, since this trian-
gle is confluent with the membranous septum, and the
bundle of His penetrates from atrial to ventricular mus-
cle masses through this important structure (Fig. 6).

Figure 3.

In this normal heart, the subpulmonary infundibulum has been
removed from the ventricular base (yellow dotted line) without
encroaching on the cavity of the left ventricle. Note that the basal
attachment vemains of the right hand facing leafler of the pul-
monary valve (ved dotted semicircle), and note also its relationship
to the first septal perforating artery (asterisk).
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Figure 4.

The normal aortic root has been opened and photographed from the
[front, showing how the valvar leaflets are attached in semilunar
Jashion, incorporating triangles of fibrous tissue (asterisks) between
the valvar sinuses that extend from the areas of ventricular support
to the sinutubular junction. Note that the supporting structures are
in part fibrous and in part muscular.
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Figure 5.

The normal aortic valve is photographed from above in closed posi-
tion. Note the three zones of apposition between the leaflets (yellow
lines) that extend from the attachments of the leaflets ar the sinu-
tubular junction (asterisks) to the centre of the valvar orifice (ved
circle). Traditionally, it is only the peripheral attachments (aster-
isks) that are considered to represent the “commissure”, but the
entirety of the zones of apposition must be competent if the valve is to
Junction properly.
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Figure 6.

The normal heart has been dissected from the front to reveal the tri-
angles that separate the right and non-coronary leaflets of the aortic
valve (yellow arrow), which points into the transverse sinus of the
pericardium (asterisk), and the right and left coronary leaflets,
which points into the space (red arrow) between the aortic root and
the subpulmonary infundibulum (green dotted line). Note the posi-
tion of the bundle of His (yellow oval) as it penetrates the atrio-
ventricular component of the membranous septum.
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Substrates for obstruction of the ventricular
outflow tracts

As we have already intimated, it is usual to categorise
obstructions of the ventricular outflow tracts as
existing at subvalvar, valvar, and supravalvar levels.
Although the “supravalvar” category usually involves
also the valve itself, it is convenient to retain this
categorisation, the more so since the mechanisms of
obstruction are more-or-less comparable within the
two ventricles. The differences that are seen in the
nature of subvalvar obstruction reflect the different
anatomic arrangements of the outflows from the
morphologically right as opposed to the left ventricle.
Significantly, these differences are maintained irre-
spective of the nature of the arterial trunk that is
supported by the specific ventricular outflow tract.
Thus, all the lesions that produce subaortic obstruc-
tion in the normally structured heart will produce
subpulmonary obstruction when the left ventricular
outflow tract gives rise to the pulmonary trunk (Fig. 7).
These lesions can involve posterior deviation of the
muscular outlet septum, or its fibrous remnant, when
the ventricular septum is deficient; fibrous shelves or
ridges, protrusion of tissue tags from the membra-
nous septum or adjacent valvar leaflets; hypertrophy
of the muscular ventricular septum; or anomalous
attachment of the tension apparatus of the mitral
valve. In the morphologically right ventricle, in view
of the complete muscular infundibulum that sup-
ports the leaflets of the arterial valve, irrespective of
whether that valve is aortic or pulmonary in identity,
it is much commoner for muscular infundibular
obstruction to be the substrate for narrowing of the
outflow tract. This is then made appreciably worse
when the muscular outlet septum is deviated in antero-
cephalad fashion, as in tetralogy of Fallot (Fig. 8).

Deviated outlet septum

Septal bulge

Fibrous s

Figure 7.

The cartoon shows the potential substrates for obstruction of the mor-
phologically left ventricular outflow tract, irrespective of whether ir
supports the aorta or the pulmonary trunk.


https://doi.org/10.1017/S1047951105000971

6 Cardiology in the Young: Supplement 1 (20035)

On rare occasions, however, the morphologically right
ventricle can also be obstructed by herniation of
aneursymal tags, which can take their origin from
the membranous septum,? can represent enlargement
of an aortic sinus of Valsalva, or even the Eustachian
valve when this atrial structure takes the form of a
windsock.’

The essence of obstruction at valvar level is fusion
along the zones of apposition between the valvar
leaflets. When viewed from the ventricular aspect,
this is associated with a loss of the normal semilunar
attachments of the valvar leaflets, and failure of for-
mation of one or more of the triangles of fibrous tissue
that normally extend to the sinutubular junction.®

PN A

SD with overriding aortic valve

Figure 8.

Obstructions in the right ventricular outflow tract are usually mus-
cular, as in this example of rerralogy of Fallot, with the tightness of
obstruction exacerbated in this setting by the antero-cephalad attach-
ment of the muscular outler septum (asterisk) and fibrous accretions
(arrows) around the muscular infundibulum (yellow dots).
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So-called dome-shaped stenosis is seen in the setting
of valvar obstruction of the outflow tract of the mor-
phologically right ventricle (Fig. 9), reflecting the
fact that the valvar leaflets are uniformly supported
by infundibular musculature. The more severe forms
of stenosis are associated with greater degrees of fusion
along the zones of apposition between the leaflets
towards the centre of the valvar orifice.

In the morphologically left ventricle, the typical
arrangement producing critical stenosis is so-called
unicuspid and unicommisural pattern (Fig. 10), and
almost always the solitary persisting zone of apposi-
tion in the skirt of leaflet tissue points back towards

Figure 10.

An example of so-called unicuspid and unicommissural stenosis of
the aortic valve. There is but one persisting zone of apposition in the
skirt of leaflet tissue (ved arrow), pointing back towards the area of
fibrous continuity with the mitral valve. Note, however, the forma-
tion of two putative zones of apposition, with tethering to the aortic
wall extending up to the sinutubular junction (yellow arrows).

Figure 9.

These two examples of pulmonary valvar
stenosis shows how increasing fusion along the
zones of apposition between the leaflets results
in greater degrees of valvar stenosis. The
arrows show the extent of fusion in (a), and
the persisting attachments of the leaflets at
the sinutubular junction in (b), the leaflets
themselves having fused to form a dome with
a centrally placed critically stenotic orifice.
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the area of fibrous continuity with the arterial leaflet
of the mitral valve. Assessment from the ventricular
aspect again reveals that this arrangement is associated
with failure of formation of two of the interleaflet
triangles,” with the skirt of persisting valvar tissue
becoming attached within the outflow tract in rela-
tively annular fashion (Fig. 11). It is failure of for-
mation of only one of the interleaflet triangles that
produces the congenitally bifoliate valve, be the valve
formed in aortic or pulmonary position.

So-called supravalvar stenosis is traditionally
divided into the hourglass, diaphragmatic, and tubu-
lar forms. The hourglass variant is commonest,
irrespective of whether it involves the aorta or the
pulmonary trunk. This pattern is no more than steno-
sis at the level of the sinutubular junction, and involves
the valvar leaflets as part of the abnormal arrange-
ment.® Even the tubular form of stenosis commences
at the sinutubular junction, and again involves the
distal attachment of the valvar leaflets. The supra-
valvar abnormalities, therefore, are best assessed as
malformations involving the sinutubular junction,
extending variably to involve the tubular parts of the
aorta and pulmonary trunk.

Abnormal junctions between the ventricles
and the arterial trunks

The essence of the malformations discussed thus far
has been that each ventricle supports its own arterial
trunk, albeit that the morphological patterns described
are unique to the ventricle itself, rather than the

Figure 11.

The left ventricular outflow tract in a heart with critical aortic steno-
sis has been opened through the ends of the persisting zone of apposi-
tion in the skirt of leaflet tissue (asterisks and yellow dotted line).
The leaflet tissue itself is attached in more annular fashion (red
dotted line), with failure of formation of two interleafler triangles
(red arrows) and fusion along the putative zones of apposition
(yellow arrows). Note the fibroelastosis of the left ventricular wall.
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arterial trunk supported by the ventricle. In the
remaining lesions to be discussed, the most important
feature is that it is the junctions between the ventricles
and the arterial trunks that are themselves abnormal.
This can be because the arterial trunks arise from
morphologically inappropriate ventricles, because
both trunks arise from the same ventricle, or because
there is a common or solitary arterial trunk. There is
also an important, albeit rare, variant in which the
essence of the abnormality is origin of the arterial
trunks from morphologically appropriate ventricles,
but in anatomically abnormal fashion. We have already
alluded to the ongoing debate as to whether the arte-
rial trunks are aligned with their supporting ventri-
cles,? or are connected to them.! When considering
the ventriculo-arterial junctions as we have described
them, there is no question but that the trunks are
indeed connected to their supporting ventricles. The
supporting ventricular structures are an integral part
of the ventricular mass, albeit usually exclusively
muscular in the morphologically right ventricle, but
fibrous in part in the morphologically left ventricle.
As we will see, the specific anatomy of these supporting
ventricular structures can vary, albeit without affect-
ing the way that the blood entering the ventricle
exits through the arterial trunk, or trunks, supported
by the chamber. In similar fashion, the relationships
between the arterial trunks themselves can also
change without altering the basic haemodynamic
picture. The key to logical analysis, therefore, is to
begin by determining the fashion in which the arte-
rial trunks are joined to the ventricles, and then sub-
sequently to pay attention to the precise anatomic
nature of the supporting ventricular structures, along
with the relationships of the arterial crunks one to the
other as they exit from the ventricular mass.

We describe these three mutually independent fea-
tures as the ventriculo-arterial connections, infundibu-
lar morphology, and arterial relationships, respectively.
It is the variations to be found in each of these fea-
tures that we will emphasise in the remainder of our
review, emphasising that it is the variations in ven-
triculo-arterial connections that determine the specific
haemodynamic patterns.

Normally structured outflow tracts

The essential feature of the normal heart is that the
arterial trunks are connected in concordant fashion
to their supporting ventricles. The arterial trunks,
nonetheless, can also take origin from morphologi-
cally appropriate ventricles when the ventricular
anatomy itself, and the relationship of the arterial
trunks, are obviously abnormal. This means that,
before assuming the presence of normality, it should
be checked that, with right-hand topology, the aorta


https://doi.org/10.1017/S1047951105000971

8 Cardiology in the Young: Supplement 1 (2005)

arises in right-sided and posterior position from the
ventricular base, and that the intrapericardial part
of the pulmonary trunk spirals round the aorta as it
passes from the superior aspect of the cardiac silhouette
before bifurcating into its right and left branches
(Fig. 12). It is the presence of the free-standing sub-
pulmonary infundibulum (Fig. 13a) that lifts the
pulmonary valve away from the ventricular base.
Almost without exception, however, the leaflets of
the normally connected aortic valve are in fibrous
continuity with one of the leaflets of the mitral valve.
This feature stands out for the echocardiographer
when assessing the parasternal long axis section
(Fig. 13b). On very rare occasions, the aortic valvar

Infundibulum

Right atrium

Right ventricle

Figure 12.

The cast of the normal heart, photographed in anatomically appro-
priate orientation, shows the normal spiralling pattern of the
intrapericardial parts of the arterial trunks. Note the infundibu-
lum that lifts the pulmonary valve away from the ventricular base.
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leaflets can be separated from the leaflets of the mitral
valve in the otherwise normally structured heart,’
confirming again that it is the way that the arterial
trunks arise from the ventricular mass that is the most
distinctive anatomic feature, rather than the specific
infundibular morphology.

Discordant ventriculo-arterial connections

The essence of discordant ventriculo-arterial connec-
tions is that morphologically inappropriate ventri-
cles support the arterial trunks. In the commonest
variant of this arrangement, the atrioventricular con-
nections are concordant, there is fibrous continuity
between the leaflets of the pulmonary and mitral valve
in the left ventricle, and the leaflets of the aortic
valve are lifted away from the base of the morpho-
logically right ventricle by a free-standing muscular
infundibulum. In the majority of cases, the aortic
valve is positioned anteriorly and to the right of the
pulmonary valve (Fig. 14). This arrangement is most
usually described simply as “transposition”, and this
variant is discussed in much greater depth elsewhere
in this supplement (see pages 72—75). From the stance
of the morphology of the ventriculo-arterial junc-
tions, the clinical picture remains the same when the
pulmonary valve arising from the left ventricle is
supported by a complete muscular infundibulum
(Fig. 15). As long as the ventriculo-arterial connec-
tions are discordant, the clinical picture is also undis-
turbed by different relationships of the arterial trunks.
Thus, it is incorrect to describe the combination of
concordant atrioventricular and discordant ventriculo-
arterial connections as “d-transposition”, since a right-
sided and anterior aorta is the expected arrangement
when congenitally corrected transposition is found
in its mirror-imaged variant, while an anterior and

Figure 13.

The normal heart shown in (a) has been
sectioned in the oblique subcostal echocardio-
graphic equivalent, revealing the free-
standing muscular infundibulum (yellow
dots) that lifts the pulmonary valve away
Jfrom the ventricular base. (b), sectioned in
parasternal long axis equivalent, shows the
[ibrous continuity between the leaflets of the
aortic and mitral valve, in this particular
section through the fibrous triangle separat-
ing the non-coronary and left coronary
leaflets of the aortic valve (yellow dots).
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left-sided aorta is the norm when regular transposition
is found with mirror-imaged atrial chambers. The
combination of usual atrial arrangement and left-
sided transposed aorta is also far from rare when the
atrioventricular connections are concordant.'? Fully
to describe patients with transposition, therefore, it

Infundibulum

Figure 14.

The essence of transposition is that the atrial chambers are connected
to morphologically appropriate ventricles, but the ventricles support
morphologically inappropriate arterial trunks. This picture shows
the typical arrangement, in which the aorta arises from the right
ventricle anterior and to the right of the pulmonary trunk, and with
its valve supported by a complete muscular infundibulum.

Left ventricle,

Pulm-mitra
continuity
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is necessary to account not only for the discordant
ventriculo-arterial connections, but also for abnormal
infundibular morphology and unexpected arterial
relationships. It is the discordant ventriculo-arterial
connections, nonetheless, that are the essence of the
abnormal circulatory patterns, this effect being itself
modified, of course, by the potential further varia-
tions at the atrioventricular junctions.

Double outlet ventriculo-arterial connection

Perhaps the arrangement that still produces most
controversy concerning the criterion chosen for diag-
nosis is that in which, for their greater part, the leaflets
of both arterial valves are supported above the cavity
of the right ventricle. Some still insist that, so as to
make this diagnosis, it is essential that the leaflets
of both arterial valves be exclusively supported by
muscular infundibular structures.’ Patients do, of
course, have both arterial trunks supported by the
musculature of the right ventricle, and the diagnosis
is, perhaps, made most easily in such settings, par-
ticularly when the interventricular communication
is distant from both the subarterial outflow tracts, or
in those uncommon situations when the ventricular
septum is intact (Fig. 16). It is also the case, nonethe-
less, that the entirety of the circumference of both
arterial valves can be supported by right ventricular
structures when there is fibrous continuity between
the leaflets of one of the arterial valves and an atrio-
ventricular valve, sometimes the tricuspid valve but
more frequently the mitral valve (Fig. 17). To our
mind, it makes no sense to deny that, in this setting,
the ventriculo-arterial connection is one of double
outlet. No-one has suggested that those patients with
discordant ventriculo-arterial connections, but with
bilateral infundibular structures, as illustrated in
Figure 15b, should be described as having double

Figure 15.

In patients with transposition, as shown in (a),
the leaflets of the pulmonary valve are usually
in fibrous continuity with the anterior leaflet of
the mitral valve. As shown in (b), however, the
presence of a subpulmonary infundibulum does
not change the basic diagnosis.
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outlet. Furthermore, defining the existence of double
outlet on the basis of another variable feature, namely
the state of the infundibular musculature, breaks one
of the most important principles established by Van
Praagh et al., namely the “morphological method”.'!
In reality, double outlet” is not a diagnosis in its own
right, but rather describes one type of ventriculo-
arterial connection. The double outlet connection can
be found with various atrioventricular connections,
with the interventricular communication in various

Figure 16.

In this heart, both arterial trunks are supported exclusively above
the right ventricle, with the muscular outlet septum (asterisk) sepa-
rating the outflow tracts. The tricuspid valvar interposes between the
outflow tracts and the muscular interventvicular communication,
which is hence described as being non-committed.

'Rj_fght ventrie

Figure 17.

In this heart, both arterial trunks are again supported by the mor-
phologically right ventricle, as in the example shown in Figure 16,
but in this specimen, the interventricular communication (IVC) is
immediately below the aortic valve, with fibrous continuity between
the leaflets of the aortic and mitral valve in the roof of the defect
(asterisk).
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positions relative to the outflow tracts,'? with different
and significant associated malformations, and with
various relationships between the arterial trunks.'?
It is probably the location of the interventricular
communication that influences to greatest extent the
clinical presentation. It is convenient, therefore, to
conceptualise the arrangements with double outlet
connection as the end points of spectrums involving
overriding of one or other, or both, arterial valves.

Much more rarely, both the arterial valves can be
supported over the greater parts of their circumfer-
ence above the morphologically left ventricle. This
arrangement is found most frequently when the leaf-
lets of both arterial valves are in fibrous continuity
with the anterior leaflet of the mitral valve, and usu-
ally with fibrous continuity also between the leaflets
of the aortic and pulmonary valve. With this pattern,
both arterial valves tend to override the ventricular
septum, a finding that prompted Brandt et al.'* to
name the malformation “double outlet both ventri-
cles”. Experience has shown, nonetheless, that as with
double outlet from the right ventricle, double outlet
left ventricle can exist with different infundibular
morphologies, and with various relationships between
the arterial trunks."

Single outlet from the heart

There is one other way in which the arterial struc-
tures can be attached to the ventricular mass, namely
when the aortic and pulmonary pathways are supplied
through only one patent arterial trunk. This trunk
can be the aorta or the pulmonary trunk, the com-
plimentary trunk then being atretic. Such arrange-
ments are seen in pulmonary atresia with intact
ventriclar septum, or classical hypoplasia of the left
heart. In these settings, it is almost always possible
to trace the atretic trunk to its supporting ventricle,
and almost without exception, the lesions are pro-
duced in the basic setting of concordant ventriculo-
arterial connections. On occasion, nonetheless, the
patent aorta in the setting of pulmonary atresia, or
the patent pulmonary trunk found with aortic atresia,
can take its origin from the morphologically inap-
propriate ventricle. In such examples of transposition
with aortic or pulmonary atresia, the ventricle sup-
porting the atretic trunk then displays the character-
istic features of the lesion as seen in the normally
connected heart. Thus, in transposition with aortic
atresm it is the right ventricle that is grossly hypoplas-
tic,'® whereas the left ventricle is the hypoplastic
chamber when transposition is associated with pul-
monary atresia in the setting of an intact ventricular
septum. As with discordant ventriculo-arterial
connections in general, the situation can be further
complicated by variations in the atrioventricular
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connections. Thus, aortic atresia or pulmonary atresia
with intact ventricular septum can also complicate
the segmental combinations producing congenitally
corrected transposition,'”'® and must be anticipated
to co-exist in the setting of isomeric atrial appendages.
Such variation emphasises the fact that differences
seen at the ventriculo-arterial junctions are but a small
part of the overall make-up of congenitally malformed
hearts.

Solitary aorta with pulmonary atresia, or solitary
pulmonary trunk with aortic atresia, can also be found
in hearts with deficient ventricular septum. Such
descriptions should only be used, however, when it
is not possible to trace the ventricular origin of
the atretic arterial trunk. When the ventricular ori-
gin can be identified, then the arrangement is best
described as transposition with pulmonary atresia
and ventricular septal defect, or double outlet right
ventricle with pulmonary atresia and subaortic ven-
tricular septal defect, and so on, according to the
specific morphology identified.

There are then two other arrangements with single
outlet of the heart that cannot adequately be described
in this fashion. The first is when there is a common
arterial trunk.'” As the name suggests, the common
arterial trunk supplies directly the pulmonary, aor-
tic, and coronary arterial circulations (Fig. 18). The
common trunk usually arises from the ventricular
mass astride a directly juxta-arterial interventricular
communication. In this setting, there is invariably
fibrous continuity between the leaflets of the com-
mon truncal and the mitral valves (Fig. 18). In rarer
situations, however, the common trunk can arise

¥ -

) f Pulr;l. arteries
P

Figure 18.
A common arterial trunk is one that supplies directly the aortic,
coronary arterial, and pulmonary circulations.
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exclusively from the right ventricle, and then there
can be a completely muscular subtruncal infundibu-
lum, albeit that the truncal valve can still retain its
continuity with the mitral valve when it arises exclu-
sively from the right ventricle. The common trunk
can also arise exclusively from the left ventricle, and
then truncal to mitral valvar continuity would be
anticipated, but cannot be guaranteed. Since the com-
mon trunk is, of necessity, a solitary structure, there
is no possibility for variations in arterial relationships
to be found at the level of the trunk itself. There is,
of course, marked variation in the pattern of origin
of the pulmonary arteries. This can be considered to
be analogous to the variations in arterial positions as
seen with discordant or double outlet ventriculo-
arterial connections. Indeed, it was this variation in
position of the pulmonary arteries that, for many years,
was used to subclassify the hearts unified because they
possess a common arterial trunk.? It is now accepted,
however, that variation in structure of the aortic
pathways, specifically the presence of interruption of
the aortic arch, or severe aortic coarctation, is of far
greater surgical significance.?! Although some classify
the variation as seen in the aortic pathways in alpha-
numeric fashion,?? we find this approach unduly
procrustean, since it takes no note of the fact that
interruption of the aorta can co-exist with various
patterns of the pulmonary arteries, nor does it account
for such rare variations as when the pulmonary arteries
arise from a confluent channel taking its origin from
a truncal valvar sinus.

The final variation to be found when the arterial
pathways are fed through a single arterial vessel aris-
ing from the ventricular mass is seen when there is
complete absence of the intrapericardial pulmonary
trunk. In this setting, the pulmonary arteries them-
selves are fed either exclusively through systemic-to-
pulmonary arteries, through an arterial duct or ducts,
or by a combination of one duct and systemic-to-
pulmonary collateral arteries. In clinical terms,
patients with this arrangement behave like, and are
treated as, those who have tetralogy of Fallot with
pulmonary atresia. Despite the similarities in treat-
ment, it is inaccurate to describe the solitary arterial
trunk as seen in this setting as an aorta. This is because,
whilst the atretic pulmonary trunk seen in tetralogy
of Fallot always takes its origin from the base of the
morphologically right ventricle, hearts can also rarely
be encountered where an atretic pulmonary trunk can
be traced to take origin from a patent arterial trunk
exiting from the base of the heart (Fig. 19). Thus,
common arterial trunk can rarely co-exist with pul-
monary atresia. In the absence of the intrapericardial
pulmonary trunk, it is not possible to state with
certainty that, had the trunk been present, it would
have originated from the base of the right ventricle.
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The only logical description for the arrangement with
absence of an intrapericardial arterial crunk, therefore,
is to account for the trunk exiting from the base of the
heart as being a solitary arterial structure.

Arterial
trunk

Right ventricle

Figure 19.

In this patient, the pulmonary trunk was atretic, but as the dissec-
tion shows, the atretic remnant takes its origin from the arterial
trunk exiting from the base of the ventricular mass. During devel-
opment, therefore, the patient initially possessed a common arterial
trunk, showing that, very rarely, the common trunk can co-exist with
pulmonary atresia. Because of this, it is not justified to assume that,
in absence of the intrapericardial pulmonary trunk, bad the trunk
existed it wonld always have taken origin from the ventricular mass.

szft’ atrial appendage

R,@hi’ atrial appendage
i

https://doi.org/10.1017/5S1047951105000971 Published online by Cambridge University Press

February 2005

Concordant ventriculo-arterial connections
with abnormal outflow tracts

There is then another set of possibilities for abnormal
arrangements at the ventriculo-arterial junctions that
remains to be described. This group of anomalies are
very rare. They have, nonetheless, produced problems
for previous taxonomists seeking to provide a system
of nomenclature that is both all-embracing and easy
to understand. The problems reflect the fact that, as
with all the other arrangements described thus far,
the fashion in which the arterial trunks are abnor-
mally joined to the ventricular mass is further com-
promised by the relationships of the arterial trunks
one to the other, and by the differing nature of the
supporting infundibular structures. The hearts in
question are those in which the arterial trunks arise
from morphologically appropriate ventricles, but
with the arterial trunks leaving the ventricular mass
in parallel rather than spiralling fashion, and with
the aorta in anterior or side-by-side position rather
than posterior to the pulmonary trunk.

In the past, because of the anterior position of the
aorta, these hearts were often described as showing
“transposition”, and for long periods, their existence
was questioned on embryological grounds. There is
no question, however, but that the hearts do exist
(Fig. 20). How, then, should we describe them? By
using descriptive rather than nominative terminol-
ogy! The hearts all have concordant ventriculo-
arterial connections, but in the setting of parallel rather
than spiralling arterial trunks. When the concordant
ventriculo-arterial connections co-exist with concor-
dant atrioventricular connections, it is important to
distinguish the rare patients with such segmental

Figure 20.

In this heart, the aorta arise from the mor-
phologically left ventricle, but unlike the
usual situation, there is a subaortic muscular
infundibulum, and the arterial trunks run
parallel to one another as they exit from the
ventricular base. The pulmonary trunk arises
[from the morphologically right ventricle, with
its valvar leaflets supported by a complete
muscular infundibulum. ‘This particular
arrangement of the ventriculo-arterial junc-
tions is known as “anatomically corrected
malposition”.
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connections from those with congenitally corrected
transposition, since both present with potentially
normal circulatory patterns, and both most frequently
exhibit anterior and left-sided aortas. In the patients
with concordant ventriculo-arterial connections, how-
ever, it is the morphologically left ventricle that sup-
ports the anterior and left-sided aorta, rather than
the morphologically inappropriate right ventricle as
is the case in those with congenitally corrected trans-
position. Thus, should there be deficient ventricular
septation in these settings, it is entirely appropriate
simply to close the ventricular septal defect when
the ventriculo-arterial connections are concordant.
Nowadays, however, in those having discordant atrio-
ventricular connections, because of worries about the
capability of the morphologically right ventricle to
support the systemic circulation over a complete life-
time,?> considerations should be given to proceeding
towards a double switch procedure. Note would need
to be taken of the abnormal course of the conduction
system in this setting.?*

The potential presence of discordant atrioventricular
connections has even greater resonance in the setting
of these patients having concordant ventriculo-
arterial connections with parallel arterial trunks. This
is because this particular arrangement at the ven-
triculo-arterial junctions, while usually existing with
concordant atrioventricular connections (Fig. 21 —
left-hand panel), can also be found with discordant
ventriculo-arterial connections (Fig. 21 — right-hand
panel). The combination of discordant connections
at the atrioventricular junctions with concordant
ventriculo-arterial connections, of course, produces
the clinical picture of transposition. The best surgical
option for treatment of such patients is to perform
an atrial redirection procedure, such as the Mustard or

Usual-concordant-concordant
Parallel arterial trunks
Aorta to left
Bilateral infundibulums
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Senning procedure, since the morphologically left
ventricle supports the aorta. Should it also be neces-
sary to close a ventricular septal defect, it must then
be remembered that, because of the discordant atrio-
ventricular connections, the atrioventricular node
will be abnormally positioned.

In the situations considered thus far, however, we
have presumed the presence of complete muscular
infundibulums in both ventricles. This is, indeed, the
commonest pattern found in the patients with these
rare segmental combinations. Even more rarely, how-
ever, such patients can be found when the leaflets of
the aortic valve, supported by the right-sided mor-
phologically left ventricle, achieve fibrous continuity
with the leaflets of the mitral valve (Fig. 22 — left-
hand panel). Because of this aortic-to-mitral conti-
nuity, some have suggested that the arterial trunks
are “normally arranged”.? These authorities there-
fore argue that, because the atrial chambers are also
normally positioned in this variant, and the ventri-
cular mass unequivocally exhibits left-hand topol-
ogy (Fig. 22 — left-hand panel), it is appropriate to
describe the combinations as “isolated ventricular
inversion”. And, should the same arrangement be
seen with mirror-imaged atrial chambers, then the
combination should be dubbed “isolated ventricular
non-inversion” (Fig. 22 — right-hand panel).

Such analysis, however, ignores two crucially
important facts. First, the “normal” situation for the
arterial trunks arising from a ventricular mass exhibit-
ing left-hand topology is as seen in the normally struc-
tured heart from a patient with mirror-imaged atrial
arrangement, in other words with the aorta positioned
to the left and posteriorly, with the pulmonary trunk
spiralling round the aorta to the right as it ascends
from the ventricular base (Fig. 23). Second, had the

Figure 21.

The cartoons to the left hand show the situation
in which arterial trunks arise from the ventri-
cular mass in morphologically appropriate fash-
ion, but in parallel rather than spiralling
Jashion. Most usually in this setting, there are
complete muscular infundibulums supporting the
arterial valves in both ventricles (blue dotted
circles). The cartoon to the right hand shows
exactly the same arrangements at the ventriculo-
arterial junctions, but in association with dis-
cordant ventriculo-arterial connections. This
segmental arrangement produces the haemo-
dynamic situation of transposition, but with
concordant ventriculo-arterial connections. Some
would call both these arrangements “anatomi-
cally corrected malposition”? In view of the
rarity of such arrangements, our preference is to
describe in full the segmental combinations pres-
ent as shown at the foot of each cartoon.
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Usual-discordant-concordant
Parallel arterial trunks
Aorta to right
Aortic-to-mitral continuity
Subpulmonary infundibulum

MI-concordant-concordant
Lefthand topology
Aorta posterior to left
Spiralling arterial trunks

Figure 23.

The cartoon shows the usual situation in which the mirror-imaged
ventricular mass, exhibiting left hand topology, gives rise to mirror-
imaged but normally connected arterial trunks. The aortic valve is
in fibrous continuity with the leaflets of the right-sided mitral valve,

but is posterior and ro the left of the pulmonary trunk, which spirals
round the aorta to the right as it ascends from the ventricular mass.

If there truly was “isolated ventricular inversion”, then the arrange-
ment would vetain the infundibular pattern as shown in this cartoon.

Note that, in this drawing, the aortic valve is shown to the right of
the pulmonary valve, even though it should be left-sided.

patient with so-called “isolated ventricular inversion or
non-inversion” possessed a bar of muscle interposed
between the aortic and mitral valves, then at one stroke
the description would be changed to “anatomically
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Figure 22.

The cartoon to the left hand shows a variation
in the segmental combination of wsual atrial
arvangement, discordant atvioventricular connec-
tions, and concordant ventriculo-arterial connec-
tions. In the example shown, there is fibrous
continuity between the leaflets of the aortic and
mitral valve in the roof of the right-sided morpho-
logically left ventricle (blue dotted circle). The
same combination can also exist in the mirror-
imaged (MI) format. Some have described the
arvangement illustrated to the left hand as “iso-
lated ventricular inversion”, while the pattern
shown to the right hand is dubbed “isolated ven-
tricular non-inversion”.> We prefer to describe
each feature of the abnormal ventriculo-arterial
Junctions, as shown at the foot of each illustration.

corrected malposition” (Fig. 24). Can the presence of
one or two millimetres of infundibular musculature
make so much difference to description, let alone diag-
nosis and treatment? We think not. For this reason, we
prefer to account for these rare patients by analysing
and describing all the variable features to be found at
the ventriculo-arterial junctions, specifically the con-
nections between the arterial trunks and the ventricles,
the nature of the supporting ventricular structures,
and the interrelationships of the arterial trunks them-
selves (Figs 21, 22 and 24).

Conclusions

In this review, we have started with the premise that
all congenital malformations involving the ventri-
cular outflow tracts can be described in simple and
logical fashion, providing account is taken of the
underlying anatomy. For the patient with normal
segmental connections, the essential feature is the
interdigitations of the arterial valvar sinuses and
the supporting ventricular structures, coupled with
the differences in ventricular support between the
morphologically right and left ventricles, albeit that
the arterial valvar leaflets are normally attached in
semilunar fashion in both ventricles. For those with
abnormal segmental connections, the key to analysis
is to appreciate that the fashion in which the arterial
trunks are joined to the ventricular mass is mutually
independent of the other features of the junctions,
these being the interrelationships of the arterial
trunks themselves, and the anatomic nature of the
ventricular structures supporting the arterial valvar
leaflets. As has rightly been emphasised by Van
Praagh et al., and dubbed by them the “morphological
method”,'! it is philosophically unsound to attempt
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Usual-discordant-concordant
Parallel arterial trunks
Aorta to right
Aortic-to-mitral continuity
Subpulmonary infundibulum

Figure 24.
The cartoons compare the arrangements in which there is usual atvial arrangement, discordant atrioventricular connections, but concordant
ventriculo-arterial connections with the aorta arising in right-sided position from the morphologically right ventricle. 'The cartoon to the right
hand shows the variant with both subaortic and subpulmonary infundibulums (red dotted circles), whilst in the example shown to the left hand,
there is fibrous continuity between the leaflets of the aortic and mitral valves in the roof of the right-sided morphologically left ventricle (blue
dotted circle). It makes little sense to us to argue that, because of this difference in infundibular morphology, the example shown in the right
hand panel should be called “anatomically corvected malposition”, whilst the arrangement shown to the left hand is called “isolated ventricu-
lar inversion”. 'T'he malformations are encountered so infrequently that we believe it behoves those describing them to account for all features of
the abnormal ventriculo-arterial junctions, as shown in the labels at the foot of each cartoon.

to classify one variable feature on the basis of another
structure that is itself variable. This principle has
become the foundation of our approach to diagnosis
and description, since we are at pains to account sep-
arately for the variations found in each feature. It is
the nature of the connections between the ventricles
and the arterial trunks, nonetheless, which retains its
primacy, since it is these variations that have the
greatest influence on the clinical presentation.

References

1.

Anderson RH. Nomenclature and classification: sequential seg-
mental analysis. In: Moller JH, Hoffman JIE (eds). Pediatric
Cardiovascular Medicine. Churchill Livingstone, New York,
2000, pp 263-274.

Van Praagh R. Nomenclature and classification: morphologic and
segmental approach to diagnosis. In: Moller JH, Hoffman JIE
(eds). Pediatric Cardiovascular Medicine. Churchill Livingstone,
New York, 2000, pp 275—288.

Merrick AF, Yacoub MH, Ho SY, Anderson RH. Anatomy of the
muscular subpulmonary infundibulum with regard to the Ross
procedure. Ann Thorac Surg 2000; 69: 556-561.

Bonvicini M, Piovaccari G, Picchio F. Severe subpulmonary
obstruction caused by an aneurysmal tissue tag complicating an
infundibular perimembranous ventricular septal defect septum.
Br Heart J 1982; 48: 189-191.

Trento A, Zuberbuhler JR, Anderson RH, Park SC, Siewers RD.
Divided right atrium (prominence of the Eustachian and
Thebesian valves). ] Thorac Cardiovasc Surg 1988; 96: 457-463.

https://doi.org/10.1017/5S1047951105000971 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

Usual-discordant-concordant

Parallel arterial trunks
Aorta to right

Bilateral infundibulums

Stamm C, Anderson RH, Ho SY. Clinical anatomy of the normal
pulmonary root compared with that in isolated pulmonary valvu-
lar stenosis. ] Am Coll Cardiol 1998; 31: 1420-1425.

McKay R, Smith A, Leung MP, Arnold R, Anderson RH.
Morphology of the ventriculoaortic junction in critical aortic
stenosis. J Thorac Cardiovasc Surg 1992; 104: 434-442.

Stamm C, Li J, Ho SY, Redington AN, Anderson RH. The aortic
root in supravalvular stenosis: the potential surgical relevance of
morphologic findings. J Thorac Cardiovasc Surg 1997; 114:
16-24.

Rosenquist GC, Clark EB, Sweeney L], McAllister HA. The nor-
mal spectrum of mitral and aortic valve discontinuity. Circulation
1976; 54: 298-301.

Carr I, Tynan MJ, Aberdeen E, et al. Predictive accuracy of
the loop rule in 109 children with classical complete trans-
position of the great arteries (Abstract). Circulation 1968; 38
(Suppl VI): 52.

Van Praagh R, David I, Wright GB, Van Praagh S. Large RV plus
small LV is not single RV. Circulation 1980; 61: 1057-1058.
Lev M, Bharati S, Meng CCL, et al. A concept of double outlet
right ventricle. J Thorac Cardiovasc Surg 1972; 64: 271-281.
Wilcox BR, Ho SY, Macartney FJ, et al. Surgical anatomy of dou-
ble-outlet right ventricle with situs solitus and atrioventricular
concordance. J Thorac Cardiovasc Surg 1981; 82: 405-417.
Brandt PWT, Calder AL, Barratt-Boyes BG, Neutze JM. Double
outlet left ventricle. Morphology, cineangiography, diagnosis and
surgical treatment. Am J Cardiol 1976; 38: 897-909.

Otero Coto E, Quero Jimenez M, Castaneda AR, Rufilanchas JJ,
Deverall PB. Double outlet from chambers of left ventricular
morphology. Br Heart J 1979; 42: 15-21.

McGarry KM, Taylor JEM, Macartney FJ. Aortic atresia with
complete transposition. Br Heart J 1980; 57: 483-486.


https://doi.org/10.1017/S1047951105000971

16

17.

18.

19.

20.

Cardiology in the Young: Supplement 1 (2005)

Deanfield JE, Anderson RH, Macartney FJ. Aortic atresia with
“corrected transposition of the great arteries” (atrioventricular
and ventriculoarterial discordance). Br Heart J 1981; 46:
683-686.

Steeg CN, Ellis K, Bransilver B, Gersony W. Pulmonary atresia
and intact ventricular septum complicating corrected transposi-
tion of the great vessels. Am Heart J 1971; 82: 382-386.

Crupi G, Macartney FJ, Anderson RH. Persistent truncus arterio-
sus. A study of 66 autopsy cases with special reference to defini-
tion and morphogenesis. Am J Cardiol 1977; 40: 569-578.
Collett RW, Edwards JE. Persistent truncus arteriosus: a classifi-
cation according to anatomic types. Surg Clin North Am 1949; 29:
1245-1267.

https://doi.org/10.1017/5S1047951105000971 Published online by Cambridge University Press

21.

22.

23.

24.

February 2005

McElhinney DB, Reddy VM, Rajasinghe HA, Silverman NH,
Hanley FL. Trends in the management of truncal valve insuffi-
ciency. Ann Thorac Surg 1998; 65: 517-524.

Van Praagh R. Classification of truncus arteriosus communis
(TAC). Am Heart J 1976; 92: 129-132.

Stumper O, Brawn W]J. Anatomic repair of double discordant
hearts (Editorial). Heart 1998; 80: 424-425.

Anderson RH, Becker AE, Arnold R, Wilkinson JL. The con-
ducting tissues in congenitally corrected transposition. Circulation
1974; 50: 911-923.


https://doi.org/10.1017/S1047951105000971

