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The Subpulmonary Infundibulum in Normal Heart.
A Morphologic Study and Embryologic Considerations
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SUMMARY: A previous morphologic investigation by one of us on the septomarginal trabeculation of 81 normal fetal and neonatal
human hearts showed that the outlet compartment of the right ventricle included the root of the supraventricular criest arzchifidimb
of the septomarginal trabeculation, the latter occupying an anterior ventricular septal position. This study showedhasodhaf the
supraventricular crest was parietally attached to the ventricular septum, a septal surface of this root (infundibulaeseppregent only
in very few cases. Furthermore, based only on anatomic observations, it was found that the root of the supraventriodltrectestcaanial
limb of the septomarginal trabeculation corresponded, on the left ventricular side, to the subaortic right and left caflehadisiacts
respectively. These observations were confirmed very recently by dissections performed on normal pig hearts. This stuey etsphtis
free-standing structure and position in normal conditions of the subpulmonary infundibulum, which is essentially the supeaeest,
due to the interposition of extracavitatary fibro-adipose tissue between the aortic root and the subpulmonary infundibuluthissegard
it is emphasized that the pulmonary valve root is mostly supported by the free standing subpulmonary infundibulum, hoalegertaoam
of it, corresponding to the left pulmonary valve leaflet, is out of the confines of the subpulmonary infundibulum andintoetat
underlying anterior ventricular septum, representing then the point of anchorage of the pulmonary root to the ventrigultseseptu

KEY WORDS: Subpulmonary infundibulum; Supraventricular crest; Septomarginal trabeculation; Outlet septum; Aortic
root.

INTRODUCTION

The subpulmonary infundibulum is one of the threés the essence of the subpulmonary infundibulum. The ventral
components of the right ventricle. Indeed, developmentahatomic borderline of the inferior edge of the subpulmonary
and morphologic studies in the past (Georal, 1970; infundibulum, along the anterior right ventricular wall, is
Anderson & Becker, 1980) and in more recent years (Ho @nidentifiable. It must be pointed out that the left cranial
Nihoyannopoulos, 2006; Most al,2019) have promoted limb of the septomarginal trabeculation or septal band, which
and emphasized the tripartite topography of the ventriclesccupies an anterior ventricular septal position and is
inlet, apical trabecular — including most of the septomarginabnsidered an anterior ventricular septum, is not a
trabeculation -, and outlet compartments. In the specific casgbpulmonary infundibular component for embryologic and
of the right ventricle, most of the outlet component is madematomic reasons, which will be touched upon in the
by the subpulmonary infundibulum. discussion section.

The subpulmonary infundibulum is a sort of The supraventricular crest is a prominent muscle band
approximately cylindrical segment included, vertically anéhterposed between the pulmonary valve and the tricuspid
dorsally, between the pulmonary valve root and the leadinglve. Its original name, crista supraventricularis, was
edge of the supraventricular crest. The supraventricular cragtroduced by Wolff in 1791, as cited by Granal (1961).
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This anatomic structure represents the postnatal versionhofvever the same identical triangular configuration and the
the embryonic conal infundibular septum which, in normalame lines of fusion with the septal ventricular structures as
conditions, assumes an exteriorized parietal position betwaerthe infrequent variety (Fig. 1). So, the septal root of the
the aortic root and the right ventricle. This is due to theupraventricular crest (infundibular septum) present in Figure
developmental remodeling of the outflow tract and disappears in Figure 2, as in this latter condition it seems to
consequently it has been often defined as parietal band (\t@nburied into the parietal segment of the crest itself.
Praaghet al,, 1964, 1979). The term supraventricular crest ,
applies only to the normal heart since in some anomalo \ \“
outflow tract conditions the embryonic infundibular septun \\
does not exteriorize and the parietal crest does not devel -7
In these circumstances this muscle band assumes the posi , -
and identity of infundibular septum interposed between th, =
subarterial valves outlets.

The subpulmonary infundibulum, according to Goo
etal (1970), in addition to the supraventricular crest include
also the left cranial limb of the septomarginal trabeculatic®
or anterior septum. We disagree with this opinion becau ,
the subpulmonary infundibulum is confined posteriorly onl .
to the supraventricular crest, and indeed any time that { \
supraventricular crest is absent the subpulmonafi SR & )
infundibulum is also absent whereas the anterior ventriculBig. 1. This figure, reported from a previous study, shows the septal
septum persists. More specifically, more recent developmentept (S) of the supraventricular crest. This septal portion of the
investigations (Andersoet al, 2019; Cruceast al, 2024) crest is clasped between the left antero-superior limb (Ad) of the

have confirmed previous embryologic studies (Kramer, 1942eptomarginal trabeculation and the posterior inlet () ventricular
van Mieropet al, 1963; Gooret al, 1970) and shown septum. It shows an approximately triangular shape corresponding

. IV that th tricul t and the | to the embryonic septal conal cushion. The dashed line, going from
unequwpca y that the supr.aven ricutar qres an € l8He posterior pulmonary valve commissure, between right and left
cranial limb of the septomarginal trabeculation are two totaliéafets, down to the leading edge of the supraventricular crest at

independent developmental structures as will be discusseg#crossing point with the interventricular membranous septum
more details. It is important to point out that the left cranialorresponds to the embryonic conal cushions fusion line and it
limb of the septomarginal trabeculation topographicallynarks virtually the borderline between septal and parietal crest.
occupies a septal position being located posteriorly to tifNote that the septal root of the crest is not so small, indeed it looks
anterior septo-parietal junction. approximately the same size as the left cranial limb of the
septomarginal trabeculation. The junctional ridge ("bulbar raphe™)

. . . etween supraventricular crest septal root and left cranial limb of

The supraventricular crest is a totally parleta?he septomarginal trabeculation is evident. Note also that the right

structure anc;hored e}nd attached to the Ventr.lcular septﬂgéterior limb of the septomarginal trabeculation is absent and this
and no exterior ventricular septal surface of this attachmefit4 is occupied by the medial papillary muscle. The membranous
is identifiable in most of the cases, as has been alreagptum is hidden by the proximal parietal segment of the
emphasized in the past (Anderson & Becker, 1980). supraventricular crest.

The septal attachment of the supraventricular crest to More anatomic details of Figure 1 are shown in Figure
the ventricular septum was subsequently described in m@y transillumination of the membranous septum.
details (Restivo, 1988). This investigation found that in very
few cases the root of the crest was attached to the ventricular  Considering the lines of fusion of the supraventricular
septum showing a sort of triangular septal surface (Fig. ¢)est with the ventricular septal structures in the context of
with a left margin fused to the left cranial limb of theaortic dextroposition defects, in all Eisenmenger defects the
septomarginal trabeculation and a right margin fused with theft edge of the crest maintains its marginal fusion with the
posterior inlet ventricular septum. This small septal structuteft cranial limb of the septomarginal trabeculation (Restivo
can be considered the infundibular septum interposed betwesgral,, 2016). This sort of supraventricular crest/septomarginal
pulmonary and aortic outflow tracts. On the other hand, in theabeculation interconnection is also found in tetralogy of
large majority of cases the root of the supraventricular creséllot but only in a small percentage of cases. Most of the
showed no septal surface being directly attached to thetralogy of Fallot cases showed instead the crest attached in
ventricular septum as a parietal segment (Fig. 2). This showfednt of the septomarginal trabeculation (Restival,, 2017).
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supraventricular crest with the ventricular septum but also
with the aim to correlate more precisely the outlet surfaces
of both ventricles.

Fig. 2. This case, reported from the same previous study, shofs

usually, the posterior left pulmonary valve leaflet. The junctiona®s ‘ A
ridge ("bulbar raphe"), between supraventricular crest septal rdeg. 3. In this case, which is the same as the one reported in Figure
and left cranial limb of the septomarginal trabeculation, is very, transillumination of the entire membranous septum (atrio-
tenuous or almost unidentifiable. Note that the right margin of theentricular and interventricular) is shown. The parietal portion of
crest root is in line and fused with the posterior inlet ventriculghe crest was lifted vertically to show the membranous septum. As
septum the same as is its left margin with the edge of the left craritatan be seen, the interventricular membranous septum coincides
limb of the septomarginal trabeculation. So, these lines of fusi@xactly with the crossing point where the supraventricular crest
are the same as in the variety reported in Figure 1, and indeedttiees off parietally (P) from its septal root (S). The oblique dotted
root of the crest shows identical triangular configuration in bottine shows the junction between the crest septal root and the
varieties. posterior inlet (1) ventricular septum. Antero-septal leaflets of the
tricuspid valve, crossing the membranous septum and dividing it

More generallv. the outlet seament of the ventricl into atrio-ventricular and interventricular portions, can be seen.
9 Y: 9 €Phe limbic band (L) and right atrial wall (RAW), both above the

deserves more detailed consideration. Indeed, the main ajR, entricular membranous septum, are also shown. It is worth
of the present study is to make more clear the t0p09ra_p|ﬂt§7ting that the root of the supraventricular crest coincides with the
correlation between the outlet compartments of the ventriclesbryonic septal conal cushion. The parietal segment of the crest

and the relationship of the subpulmonary infundibulum witborresponds to the parietal conal cushion, as found by previous

the ventricular septum. developmental studies (Kramer 1942; van Mieogl, 1963; Goor
et al, 1970). This case shows that posteriorly the septal root of
MATERIAL AND METHOD the supraventricular crest is primarily in line and fused with the

posterior inlet ventricular septum. The right posterior limb of the

ptomarginal trabeculation is superimposed frequently, but only

. S

A series of 81 cases ,Of normal fetal and neonatgticondarily and not constantly, above it. Indeed, in this specific
human hearts was reviewed in 1988 by one of us (AR) folgse the right posterior limb is absent and occupied by the root of
M.Sc. degree study submitted to the University of Liverpoolhe medial papillary muscle.

England. The more general purpose of the study, at that time, ) _ _
was the septomarginal trabeculation or septal band postnatal ~ The hearts were opened in the conventional way, with
morphology and its related structures including thepecial care while opening the left ventricle by performing
supraventricular crest. These observations allowed to identﬁwertical incision parallel to the interventricular left anterior
the details of the attachment and lines of fusion of tfé€scending coronary artery. Indeed, the incision was
supraventricular crest with the ventricular septal structur@§rformed not too close to this artery to preserve the left
as has already been pointed out in the IntroductiofOrtic coronary leaflet as much as possible.

Furthermore, a correlative anatomic assessment of the outlet

septal surfaces of both ventricles was also approached at [0 one heart, Figure 4 shows the right ventricular
that time. outlet portion before dissection and it is evident that the

supraventricular crest does not show any septal surface being
Very recently we performed dissections in two normatntirely pari_etal as occurring in the very large number of
porcine hearts to reconsider the lines of anchorage of tf@ses (Restivo, 1988).
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differences exist (Crickt al,, 1998; Maciast al,, 2022). In

the specific case of the ventricular anatomy, we first found
moderate hypertrophy of the left ventricle and high take off
of the moderator band in the right ventricle producing an
anomalous muscle band without, however, evidence of a
double chambered right ventricle. Finally, reduced extent of
aortic-mitral fibrous continuity was found in these pig hearts.
This latter specific aspect was particularly investigated by
Crick et al (1998) showing that, in contrast to the human
heart where the non-coronary leaflet of the aortic valve is
entirely fibrous supported by the membranous septum and
aortic mitral leaflet, in a porcine heart instead almost half of
the portion of the non-coronary leaflet is directly attached
and supported by subaortic myocardium.

Fig. 4. One intact normal porcine heart is shown on its rig
ventricular side. The anatomy of this heart is very similar to tl

presence of high take off of the moderator band (lower arro

crossing the right ventricular cavity, which however does not see
to produce a double chambered right ventricle. In any case
outflow tract anatomy is very similar to the normal human hea
The right upper arrow indicates the supraventricular cre
(subpulmonary infundibulum) and the left upper arrow the le
cranial limb of the septomarginal trabeculation (anterior ventriculg
septum). Note the dashed line (bulbar raphe) between these %
structures, although such a raphe in this case is not as evident ¢

the case reported in Figure 1.

Figure 5 of the same heart shows the dissected rq
of the supraventricular crest then penetrating into the |
ventricle. Triangular configuration of the dissected crest ro
can then be seen.

=

-
e —— " o

A second heart showed intact outlet septum witlig- 5. In the heart shown in Figure 4 the septal root of the
again, total parietal supraventricular crest. In this secofgPraventricular crest was dissected and it shows the typical

heart (Fig. 6) the quadrangular left cranial limb of the Septgiangular configuration lined by the posterior inlet ventricular
band, underlying the left pulmonary valve leaflet, had be%‘aptum and the left cranial limb of the septomarginal trabeculation.

di d and d th . he left il ote also the left cranial limb of the septomarginal trabeculation
Issected and removed, then penetrating the left ventric ﬁnder, as usual, the left pulmonary valve leaflet. The membranous

) septum is hidden by the parietal segment of the crest and it is
The anatomy of these porcine hearts was found to pgsterior to the removed crest septal root. A tube was passed through
very similar to the human heart. Nevertheless somke dissection into the left ventricle.
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Nevertheless, these comparative anatomy differencti® crest. Note the triangular configuration of the dissected
did not interfere with our investigation concerning mainhsupraventricular crest root (Figs. 5 and 7).
the correlative positional assessment of the supraventricular
crest root and of the left cranial limb of the septomarginal Figure 8, referring to the left ventricle and
trabeculation position with the respective, correspondirgprresponding to Figure 6 of the right ventricle, shows the
subaortic surfaces of the left ventricle. dissected and removed quadrangular left cranial limb of the
septomarginal trabeculation occupying the area under the
RESULTS left coronary leaflet of the aortic valve. It is important to
note that the left coronary leaflet makes a bridge between
Both hearts were then repositioned on the lefeptal and parietal surfaces of the left ventricle. Furthermore,
ventricular side. Figure 7, corresponding to Figure 5 on tlanteriorly such a leaflet occupies the septal subaortic position
right ventricular side, shows that the removed septal root where the left cranial limb of the septomarginal trabeculation
the supraventricular crest coincided specifically with thprojects itself to the left ventricular septal surface, whereas
subaortic area under the right coronary leaflet anteriorly fmosteriorly this aortic leaflet becomes parietal being related
the membranous septum. Moreover, the more posterior portiand attached to the aortic leaflet of the mitral valve.
of this right coronary leaflet, crossing the membranous septum,
assumed a parietal position following the parietal segment

)y : Flg 8. The Ieft ventricular side of the heart reported in Figure 6 is

I y - shown. The dissected and removed left cranial limb of the
Fig. 6. Asecond intact and normal pig heart underwent dissectigaptomarginal trabeculation coincides on the left (see the small
of the left cranial limb of the septomarginal trabeculation underlyingibe passing from right to the left) with the subaortic area under
the left pulmonary valve leaflet and the left ventricle was thefhe anterior half of the left coronary leaflet. It is worth noting that
penetrated. the left coronary leaflet more posteriorly is related to the aortic
leaflet of the mitral valve becoming then parietal. The dissection
inevitably divided the left coronary leaflet in two (septal and
parietal) portions. A fraction of the parietal portion of this coronary
leaflet overlying the aortic mitral leaflet can be seen, although the
aortic mitral valve leaflet in this case results damaged somehow
by the dissection.

DISCUSSION

The anatomy of the subpulmonary infundibulum in
the normal human heart is complex and it deserves detailed
consideration.

Most of the supraventricular crest, which is interposed
§ i
Fig. 7. This figure shows the left ventricular S|de of the heaRmWeen the pulmanary valve and the tricuspid valve,

reported in Figure 5. A small tube was passed from the right to tREcUpIes a parietal position in the normal heart.

left ventricle and the removed septal root of the supraventricular

crest coincides with the triangular subaortic area under the right ~ Considering the parietal predominance of the
coronary leaflet anteriorly to the membranous septum. supraventricular crest, first we thought important to clarify
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its septal attachment to the ventricular septum. Indeed, Atcording to these recent findings, the subpulmonary
light of a previous investigation (Restivo, 1988), in mosinfundibulum results myocardially detached from its dorsal
cases the root of the supraventricular crest did not show subaortic region. On the other hand, the left cranial limb of
identifiable endocardial septal surface and it appeard#tte septomarginal trabeculation, although belonging to the
entirely as a parietal muscle band attached directly to thatlet segment and underlying the left pulmonary valve
ventricular septum (Fig. 2). In this study it was found thdeaflet, is not a mesenchymal septal structure and has no
only in very few cases a septal surface of the crest was pregefdationship with the embryonic conal cushions. Indeed, it
as shown in Figure 1, and regrettably no exact percentagenafs found that this cranial extension of the septomarginal
incidence of such a condition was recorded at that time. trabeculation is a myocardial structure since the very
beginning due to the invasion of precursor myocardial cells
Often a junctional ridge, "bulbar raphe" according t@olonizing from the secondary heart field (SHF) (Kedty
the original definition of Van Mieropt al. (1963), is evident al., 2001; Waldet al, 2001).
between the crest septal root and the left cranial limb of the
septomarginal trabeculation, as Figure 1 shows. Furthermore, it was also previously hypothesized
(Goor et al., 1970) that this cranial extension of the
The left cranial limb of the septomarginalseptomarginal trabeculation coincided, in terms of
trabeculation was defined as the anterior infundibulaevelopmental anatomy, with the left anterior end of the
ventricular septum by Goaet al. (1970) since it was embryonic conoventricular flange which fuses with the main
emphasized that this anterior septum, in their own opiniocentral body of the septomarginal trabeculation itself. In
is septally interposed between the subpulmonamontrast, this left cranial limb of the septomarginal
infundibulum and the left ventricle. Moreover, Gatral  trabeculation occupying an anterior outlet ventricular septal
(1970) considered the left cranial limb of the septomarginpbsition was considered by Bartelings & Gittenberger-de
trabeculation as part of the subpulmonary infundibulum. ASroot (1989) derivative of the primordial ventricular septum
already mentioned in the Introduction, we disagree with thextending up to the anterior outlet compartment. Despite
view for embryologic and morphologic reasons. Indeedhese different developmental interpretations, in any case it
morphologically, moving from the normal heart to as unequivocally established that left limb of the
ventricular septal defect (VSD) with absent infundibulaseptomarginal trabeculation and supraventricular crest are
septum, for instance, there is no sign of existingyvo totally different embryonic derivatives. Nevertheless, it
subpulmonary infundibulum. So, the cranial extension afight be a matter of controversial debate that, although an
the septomarginal trabeculation does not represent, in @axtra infundibular structure, the left limb of the septomarginal
opinion, a residual fraction of subpulmonary infundibulumtrabeculation underlies constantly the posterior left
More significantly, previous embryological studies (Kramempulmonary valve leaflet contributing then, even if more
1942, van Mieroget al, 1963, Gooet al, 1970) and the marginally, to the subpulmonary outlet segment. So,
most recent developmental investigations (Andestal, controversial questions might arise from this specific aspect
2019; Crucearet al, 2024) showed and confirmed concerning the extra infundibular identity of such a structure.
unequivocally that the supraventricular crest is a primordialowever, strictly speaking, the infundibular and the outlet
embryonic mesenchymal structure due to the development not in fact synonymous. So, we are inclined to consider
and fusion of the proximal outflow cushions (Andersbn that the left limb of the septomarginal trabeculation is an
al., 2003) well known as conal cushions. These conektra infundibular component of the whole outlet segment
cushions, underlying the distal truncal cushions accordimf the right ventricle. More generally, as far as this potential
to the previous cited embryologic studies (Kramer, 1942pontroversial aspect is concerned, in our opinion the
van Mieropet al, 1963; Gooret al, 1970), once fused pulmonary valve root is mostly supported and related to the
undergo myocardialization. Quite interestingly these mostibpulmonary infundibulum but not entirely since its left
recent cited investigations (Anderseinal, 2019; Crucean pulmonary valve leaflet overlies and is related with the
et al, 2024) found some new aspects concerning specificaliyterior outlet ventricular septum.
the failure of some small portions of the fused conal or
proximal outflow cushions to muscularize. So, according to The totally parietal supraventricular crest root,
these studies, these small portions of the fused conal cushioosurring in the large majority of cases (Figs. 2 and 4), shows
do not undergo myoblastic commitment and differentiatioa left ventricular septal counterpart under the anterior portion
molecular genetic program. As a consequence of thisf the aortic right coronary leaflet anteriorly to the
ultimately various quantities of extracavitary fibro-fattymembranous septum. As shown by our dissection (Fig. 7),
tissue infiltrated the myocardium interposed between thhkis however, in our opinion, does not allow to state that a
subpulmonary infundibulum and its dorsal subaortic regiotrue anatomic septation occurs between the posterior outlet
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regions of the ventricles. Indeed, effective septation impliggnction is identifiable. However, the outlet component of
in strict anatomic terms myocardial septal continuity anthe septomarginal trabeculation although appearing parietal,
presence of two identifiable right and left correspondingnce projected to the left, retains its septal identity. It would
septal endocardial surfaces. This is not the case occurrindgpmanatomically unacceptable to consider a structure septal
most normal hearts. Rather, a sort of dissociation occum one side and parietal on the opposite side. Furthermore,
This potentially septal outlet portion of the left ventriculaif hypothetically the left cranial limb of the septomarginal
side results totally parietal on the right ventricular side. trabeculation is considered as a potential parietal structure
once projected to the left ventricular side, then the dissection

The existence of a free and myocardially detacheaf such a structure performed in the present investigation
subpulmonary infundibulum, due to the interposition ofvould have inevitably perforated the anterior wall of the
fibro-adipose extracavitary tissue (Andersatnal,2019; left ventricle. However, such a dissection produced a hole
Crucearet al2024), allows for the Ross surgical procedurentering the subaortic left ventricular cavity as shown in
(Ross, 1967), performed in early previous years, whidkigure 8. In fact, the outlet component of the right ventricle
mobilizes the subpulmonary infundibulum. This procedurshows a slightly convex configuration wrapping the aortic
removes the pulmonary valve as an autograft for aortic valveot and making the outlet surface of the left ventricle
replacement and leaves the dorsal subaortic area totallycularly concave and apparently reduced as compared to
undisturbed and intact (Merriai al, 2000). We presume the right one. But this is only an optical appearance, indeed
that special care should be given by dissecting the léftwe theoretically pull and stretch as much as possible the
pulmonary valve component of the pulmonary root tanterior wall of a dissected left ventricle until its circular
preserve the first septal perforating branch of theoncave shape becomes almost straight, then we would
interventricular left anterior descending coronary artery. appreciate that the distance between the membranous septum

and the anterior septoparietal boundary (only virtually on

Itis also worth noting that since the parietal segmettie left) would be the same on both sides of the ventricular
of the supraventricular crest is normally interposed betweseptum. In summary, despite the different straight versus
the aortic root and the subpulmonary infundibulum, in theircular geometric configuration, the sagittal extension of
total absence of the supraventricular crest the aortic rabe outlet septum is the same in both ventricles.
results in direct continuity with the anterior right ventricular
free wall, simulating then a most severe aortic dextroposition Summarizing, the triangular root of the crest (Figs. 1
defect. and 2), if projected to the left ventricle, is related to the

subaortic right coronary leaflet. More specifically, this root

Furthermore, although the parietal crest is lateralized related to the small portion of such a right coronary leaflet
and out of the plane of the ventricular septum, anahterior to the membranous septum. Figures 5 and 7 show
considering such a normal supraventricular crest barritte corresponding triangular configuration of the crest root
between aortic root and subpulmonary infundibulum, anp both ventricles.
developmental deficiency in different portions, proximal or
distal, of the parietal crest produces inevitably a On the other hand, the left cranial limb of the
communication between the ventricles. This is due to tleeptomarginal trabeculation is related to the subaortic area
fact that the aortic root, more specifically the right coronaynderlying the anterior portion of the left coronary leaflet
leaflet, in the normal heart overrides spatially the righfFigs. 6 and 8). This leaflet then makes a sort of bridge
ventricle through the membranous septum and through thetween this septal surface of the left ventricle and the
parietal crest. parietal area attaching to the aortic leaflet of the mitral valve

with the interposition of the left interleaflet triangle. Thus,

It is quite important and interesting to note that whilstrictly speaking, approximately the midpoint or nadir of
the right ventricular view of the left cranial limb of thethe left coronary leaflet seems as if to mark a sort of virtual
septomarginal trabeculation occupies the outlet septal surfacgerior septoparietal borderline of the left ventricular cavity.
of the right ventricle, if projected to the left ventricular side
it appears to become apparently parietal occupying the From the present gross anatomy observations, it
anterior wall of the left ventricle. This is due to the differenappears evident that the majority of extracavitary fibro-fatty
geometrical configurations of the ventricles. Indeed, the rigtissue interposed between the parietal supraventricular crest
ventricular cavity is triangular and the septomarginand the aortic root behind, is mainly concentrated in the area
trabeculation occupies a septal position being posterior posterior to the membranous septum. In light of our
the anterior septoparietal junction. In contrast, the leftbservations, we would be inclined to expect a lesser quantity
ventricular cavity is circular and no anterior septoparietalf such extracavitary tissue anteriorly to the membranous
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septum, behind the root of the supraventricular crest and  Additional and most recent dissections performed on
even less so behind the left cranial limb of the septomargir&g hearts allowed us also to correlate these right ventricular
trabeculation occupying the anterior outlet ventricular septalitlet septal regions with the left ventricular counterparts
position. Indeed, we are currently planning a next histologicahich were found to correspond, respectively, with the
investigation to confirm these present gross anatonsybaortic right and left coronary leaflets.
observations concerning presumable different quantities of
extracavitary tissue in the different portions of the We also found the presence of extensive extracavitary
supraventricular crest. Furthermore, it must be reminded tH#tro-adipose tissue interposed between the supraventricular
the left cranial limb of the septomarginal trabeculation isrest and the aortic root which confirmed the free-standing
developmentally out of the primordial mesenchymal conatructure and position of the subpulmonary infundibulum
cushions. So, it becomes even more difficult to conceptualizapporting most of the pulmonary valve root.
the source of such extracavitary tissue behind this specific
structure considering that the source of this extracavitary However, a small portion of the pulmonary root,
tissue seems to be produced by some portions of namwinciding with the left pulmonary valve leaflet, was not
muscularized fused conal or proximal outflow cushionsupported by the free-standing subulmonary infundibulum
according to the previously cited embryologic investigationisut rather by the anterior outlet ventricular septum which
(Andersoret al, 2019; Cruceast al., 2024). then represents the point of anchorage of the pulmonary valve
root to the ventricular septum itself.
To our knowledge, it is not entirely clear at present
whether the mesenchymal conal cushions are invaded and  All this of course creates a lot of difficult correlative
replaced by flanking migrating myocardial cells, as originallaspects between normal heart and congenital cardiac
proposed by Van Mieropt al. (1963) or whether these anomalies involving the cardiac outflow tract and more
mesenchymal cells undergo direct myoblastic commitmeparticularly the infundibular ventricular septal defects. Thus,
and differentiation. A recent study by Van den Hoff &nost probably a huge prospective of future correlative
Wessels (2020) show, indeed, that myoblastic differentiationorphologic, embryologic and molecular genetic work must
occurs contributing, with the flanking myocardial cellsbe expected out of this context.
migration above the primary mesenchymal cushions, to the
development of the embryonic conal septum. Nevertheleggjdendum. We notify that the first 3 Figures were originally
it is not still clear whether an interplay between these twaroduced (1988) in black and white, so we preferred to
developmental mechanisms occurs or whether one of thmduce the following 5 recent Figures in black and white
two is predominant. as well to maintain a color uniformity of the illustrative
material.
CONCLUSIONS
Author Contributions . Angelo Restivaconceived the study,
Summarizing, our previous study on 81 cases of fetalade all the anatomic observations, and wrote the
and neonatal normal human hearts found the anchoragemdnuscriptGiovanni Botta performed the dissections on
the subpulmonary infundibulum to the right ventriculapig hearts and took active part in this studgassimiliano
septum through a direct parietal attachment of the root of tharsi provided the pig hearts, took active part in this study
supraventricular crest to the ventricular septum itself in moahd was of help in the production of photographic material.
cases. This confirms then the absence of infundibular septiia also organized the submission of the whole material to
in the normal heart. Very few cases, however, were fourtde Editor taking the editorial correspondence commitment.
with an infundibular septal portion of the supraventriculaCarolina Putotto took an active part in this studgnrico
crest (Fig. 1). So, it is shown that absence of infundibul&hiappa took active part in this study and encouraged this
septum in the normal heart is not an absolute rule. investigation since the very beginnidmndrei A. lakimov
provided much contribution to this investigation and
These observations lead us also to emphasize tipabvided final suggestions, being much dedicated to cardiac
the outlet septum, in the normal heart, includes an anter@amatomy in his University and it is much appreciated that he
component (anterior ventricular septum), which is interposétas accepted our invitation to join us in this study.
between the pulmonary valve root and the left ventricle, and
which is always present. On the other hand, the posteri@€CKNOWLEDGMENTS. We are particularly grateful to
component of the outlet septum, that is the infundibuldrof. Bruno Marino, Professor of Pediatric Cardiology of
septum interposed between the subarterial outflow tractSapienza University of Rome, for his special long-term
is absent in most cases. academic and personal support to one of us (AR).
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normales, debido a la interposicion de tejido fibroadiposRestivo, A.; Anderson, R. H.; Carletti, R. & di Gioia, C. R. T. Correlating
extracavitario entre la raiz aé6rtica y el propio infundibulo the morphologic features of tetralogy of Fallot and the Eisenmenger
subpulmonar. En este sentido, se subraya que la raiz de la valvanalformation.Cardiol. Young, 27(1}61-72, 2017.

pulmonar esta sostenida principalmente independiente por Rgss, D. N. Replacement of aortic and mitral valves with a pulmonary
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