
IT IS NOW WELL OVER ONE HUNDRED YEARS SINCE

Arthur Louis Etienne Fallot showed that four
discrete morphologic abnormalities co-existed 

in the majority of patients he had autopsied with 
“la maladie bleu”,1 or cyanosis as we now describe it.
The lesions he identified were an interventricular
communication, subpulmonary stenosis, biventricu-
lar origin of the aortic valve, and right ventricular
hypertrophy. We now know that the combination of
these anomalies had been recognised long before
Fallot’s epochal description. Indeed, it is Neils Stensen,
the Danish monk who also described the parotid duct,
who is usually acknowledged as being the first to
describe the entity that we now call tetralogy of Fallot.2

Cases were certainly described by John Hunter,2

whilst with the benefit of hindsight, we can see an
unequivocal example illustrated by the Baron von
Rokitansky3 in his ground-breaking atlas (Fig. 1).

Although the combination of anomalies makes up
one of the most characteristic of congenital cardiac
malformations, the entity of tetralogy has proved
remarkably contentious. There are various ways to
describe the abnormal muscle bundles that surround
the interventricular communication and produce the
substrate for subpulmonary obstruction.4–6 Argu-
ments have raged concerning the dimensions of the
narrowed subpulmonary infundibulum.5,6 Debate still
continues concerning the relationship between tetral-
ogy and hearts having a double outlet ventriculo-
arterial connection, or alignment.7,8 In this review,
we will attempt to shed light on all these contentious
issues, showing how many of the controversies reflect
use of different nomenclatures as opposed to variations

in observations. We will also show how some of the
issues can be clarified by findings from the develop-
ing human heart.9 Some of the problems, nonethe-
less, reflect the desire to compare the findings in
tetralogy of Fallot with those seen in the normal
heart.5,6 We will commence our review, therefore,
with an analysis of the structure of the normal outflow
tracts, showing how logical description of the various
components10 is essential if we are to understand the
abnormal situation seen in tetralogy.

Structure of the normal outflow tracts

The outflow tracts of the two ventricles differ in that,
in the right ventricle, the leaflets of the pulmonary
valve are supported by a complete muscular infundibu-
lum, whilst in the left ventricle, two of the leaflets of
the aortic valve are in fibrous continuity with the
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Figure 1.
This etching, taken from the atlas of Von Rokitansky, shows the
unequivocal features of the lesion we now call tetralogy of Fallot.
Compare with Figure 12.
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aortic leaflet of the mitral valve (Fig. 2). Thus, when
viewed from the aspect of the right ventricle, an
extensive muscular crest separates the leaflets of 
the tricuspid and pulmonary valves. This is the
supraventricular crest, or “crista supraventricularis”
(Fig. 3). The crest itself inserts into the septal aspect
of the ventricle between the limbs of a prominent
septal trabeculation, variously known as the septal
band or the septomarginal trabeculation, albeit that
the line of insertion between these parts is better
developed in some normal hearts than other. This
septal trabeculation usually has a body that divided
cranially into two limbs, with the crest inserting

between the limbs (Fig. 4). The cranial limb extends
basally, and supports the leaflets of the pulmonary
valve. The caudal limb runs beneath the membranous
septum, and usually gives rise to the medial papillary
muscle of the tricuspid valve. The body of the tra-
beculation extends towards the apex, where it breaks
up to become continuous with the coarse apical tra-
beculations of the right ventricle. A series of further
trabeculations, however, arise from the anterior sur-
face of the septal trabeculation and run to the pari-
etal wall of the ventricle, with one of these bundles
being prominent as the moderator band, which runs
to join the anterior papillary muscle of the tricuspid
valve. The overall series of bundles represent the septo-
parietal trabeculations.11 Careful dissection then
reveals that the supraventricular crest has three com-
ponent parts. The part of the muscle immediately
between the limbs of the septal trabeculation can be
removed so as to create a communication with the
left ventricle. This small part, therefore, is a muscular
outlet septum (Fig. 4). The larger part of the crest,
however, is no more than the inner curvature of the
parietal wall of the right ventricle, separating the cav-
ity of the right ventricle from the transverse sinus
and the right coronary artery (Fig. 5). The basal part
of the crest is that supporting the leaflets of the pul-
monary valve, and this is the complete sleeve of mus-
cular infundibulum that permits removal of the
pulmonary valve as an autograft for use in the Ross
procedure (Fig. 6). The overall arrangement of the
muscle bundles in the normal heart, therefore, is as
shown in Figure 7. In terms of nomenclature, and for
comparison with tetralogy of Fallot, it is necessary to

Subpulmonary
infundibulum

Aortic-mitral continuity

Figure 2.
This short axis section of the normal heart is prepared to replicate
the left anterior oblique projection, and is viewed from the apical
aspect. It shows the muscular right ventricular infundibulum inter-
posed between the leaflets of the pulmonary and tricuspid valves,
with fibrous continuity between the aortic and mitral valvar leaflets
in the roof of the left ventricle.

Pulmonary valve
Supraventricular crest

Septomarginal trabeculation
(Septal band)

Septoparietal trabeculations

Tricuspid valve

Figure 3.
The normal right ventricle has been opened to reveal its septal sur-
face. Note the supraventricular crest inserting between the limbs of
the septomarginal trabeculation, with the septoparietal trabecula-
tions extending from the anterior edge of the septal trabeculation.

Ventriculo-infundibular fold Superior limb

Postero-inferior limb
Moderator band

∗
∗

∗

Figure 4.
In this normal heart, it is possible to see the limbs of the septomarginal
trabeculation (red star) clasping the ventriculo-infundibular fold.
The small area between the limbs shown by the blue crescent can be
dissected to gain entrance to the left ventricle. It represents the mus-
cular outlet septum but cannot be distinguished anatomically from
the remainder of the supraventricular crest. Note the septoparietal
trabeculations (yellow asterisks) extending from the anterior margin
of the septal trabeculation. One trabeculation is prominent, and runs
to the anterior papillary muscle. This is the moderator band.
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differentiate between the component parts of the nor-
mal supraventricular crest.10 Some simply describe
the crest as the “parietal band”.5 As we will see, how-
ever, the components of this band spring apart in the
setting of tetralogy.12 Thus, it is better to identify
specifically the small part of the normal crest that
separates the cavities of the right and left ventricle.
This can then be described as the muscular outlet sep-
tum, or conal septum. This is separate from the inner
heart curvature separating the leaflets of the tricus-
pid and pulmonary valves, which is the ventriculo-
infundibular fold. Some call this “parietal band 2”.13

The basal part of the ventriculo-infundibular fold
then becomes an integral part of the free-standing
sleeve of subpulmonary infundibular musculature.
The distinction between these two parts is also impor-
tant for full appreciation of the arrangement seen in
tetralogy of Fallot.

Development of the outflow tracts

Consideration of the way that the aorta is committed
to the left ventricle during normal cardiac develop-
ment9 can now shed considerable light on the differ-
ences in structure between the normal heart and
tetralogy of Fallot. Initially, the developing outflow
tract of the heart is supported exclusively by the right
ventricle. The outflow tract itself, initially with exclu-
sively muscular walls, can be divided by an obvious

dog-leg bend into proximal and distal portion (Fig. 8).
The distal part is divided by fusion of outflow ridges,
or cushions, to form the intrapericardial components
of the arterial trunks. The pulmonary and aortic val-
var sinuses, along with the valvar leaflets, are then
sculpted at the level of the bend. The most proximal
part of the outflow tract will produce the ventricular
outflow tracts, and initially the musculature of the
inner heart curve continues to separate the primordi-
ums of the developing arterial valves from the form-
ing leaflets of the atrioventricular valves, even when
the aorta is becoming committed to the left ventricle
(Fig. 9). It is the fusion of the most proximal parts of
the outflow cushions to each other, and also to the
crest of the muscular ventricular septum and the
rightward tubercles of the atrioventricular cushions,
which commits the aorta to the left ventricle. At the
time of fusion of the most proximal parts of the
cushions, the fused tissue mass still hangs in comma
fashion above the cavity of the right ventricle. As this
mass fuses with the primary ventricular septum and
the atrioventricular cushions (Fig. 10), it muscularises
and slides over the developing aortic root to become
the free-standing subpulmonary infundibulum 
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SMT

Ventriculo-infundibular fold

Right coronary artery

Figure 5.
This dissection of the heart shown in Figure 4 reveals that the larger
part of the supraventricular crest is the parietal wall of the right ven-
tricle, termed the ventriculo-infundibular fold, which separates the
ventricular cavity from the transverse sinus of the pericardium 
(red star) and the right coronary artery running within the right
atrioventricular groove. SMT: septomarginal trabeculation.

Pulmonary trunk

Aorta

Mitral valve

Figure 6.
This section across the ventricular septum reveals the sleeve of free-
standing infundibular musculature (green bracket) that lifts the
leaflets of the pulmonary valve away from the base of the right ven-
tricle, making possible the Ross procedure. Note the tissue plane (red
star) between the infundibulum and the aortic root.
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(Fig. 11). The precise mechanisms underscoring this
transformation from intracardiac septum to free-
standing infundibulum have still to be determined.
In terms of the relationship to the remainder of the
heart, however, the part of the muscularised cushions
that persists as an interventricular septum is far less
significant after formation of the free-standing
infundibulum than was the case prior to closure of the
embryonic interventricular communication (compare
Figs 10 and 11). The interventricular communication
itself is closed by the fusion of the most proximal
part of the mesenchymal mass with the atrioventricu-
lar cushions, and this part of the septum remains
fibrous as the membranous septum. Prior to fusion
of the outflow cushions with the muscular ventricu-
lar septum, however, the developing heart retains an
affinity with tetralogy of Fallot in that there is an
interventricular communication, and the aortic valve
retains its connections in both right and left ventri-
cles. During normal development, however, there is
no subpulmonary obstruction. The reasons why the

cushion mass might be deviated in antero-cephalad
fashion to produce tetralogy have still to be estab-
lished, but the potential for such transformation is
self-evident.
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Figure 7.
The diagram shows the building blocks of the right ventricular out-
flow tract. The septomarginal trabeculation, or septal band, is shown
in orange, with the septoparietal trabeculations coloured brown. The
cut edge of the ventriculo-infundibular fold, making up the larger
part of the supraventricular crest, is shown in dark green, with the
subpulmonary infundibulum in brighter green. The part of the crest
that can be removed to enter the left ventricle, representing the mus-
cular outlet septum is shown by the asterisked yellow lozenge.

Figure 8.
This section through a human embryo at Carnegie stage 15, taken
in the frontal plane, shows how the developing outflow tract ini-
tially has exclusively muscular walls, and is divided by an obvious
bend into proximal and distal components.

LA

AOV

MV

PV

Figure 9.
This section through a human embryo at Carnegie stage 18, taken
in the sagittal plane, shows how the musculature of the inner heart
curvature (blue bracket) separates the developing primordiums of the
aortic (AOV) and mitral (MV) valves. PV: pulmonary valve; 
LA: left atrium.
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Clinical anatomy of tetralogy of Fallot

The essential difference between tetralogy of Fallot
and the normal heart is that, in tetralogy, the com-
ponents of the supraventricular crest have sprung
apart, each element retaining its own individuality.
One of us (RHA) had initially thought that the essence
of tetralogy was antero-cephalad deviation of the
muscular outlet septum relative to the limbs of the
septomarginal trabeculation.12 We now know that,
whilst antero-cephalad deviation of the outlet septum,
or its fibrous remnant, is indeed one of the cardinal
features of tetralogy (Fig. 12), this feature in isolation

is not sufficient to produce the abnormal pathology.
This is because the outlet septum can be deviated in
antero-cephalad fashion, along with extensive biven-
tricular connection of the aortic valve, when there is
no subpulmonary stenosis. This combination is seen
in the so-called “Eisenmenger ventricular septal
defect” (Fig. 13). An elegant study by the group from
Leiden demonstrated the quantitative affinity between
the Eisenmenger defect and tetralogy of Fallot.14
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Figure 10.
This section of another human embryo at Carnegie stage 18 shows
how the proximal end of the outflow cushions is fusing with the mus-
cular septum so as to wall the aorta into the left ventricle, and at the
same time undergoing muscularisation.

Pulm. trunk

Infundibulum

Pulmonary valve

AOV

Tricuspid
valve

Left
atrium

Figure 11.
This section of another human embryo at the stage just after the com-
pletion of ventricular septation shows how the muscularised proximal
ends of the outflow cushions are becoming converted into the subpul-
monary infundibulum (star). With further development, a plane will
develop along the dotted line between the infundibulum and the aor-
tic root, which now contains the leaflets of the aortic valve (AOV).

SMT

Figure 12.
As shown in this specimen, the cardinal feature of tetralogy of
Fallot is antero-cephalad deviation of the outlet septum (red star)
relative to the limbs of the septomarginal trabeculation (SMT).

SMT

Unobstructed subpulm. outlet

Deviated outlet
septum

Overriding aorta

Figure 13.
As shown in this example of the so-called Eisenmenger ventricular
septal defect, sectioned to replicate the subcostal oblique echocardio-
graphic plane, antero-cephalad deviation of the outlet septum in 
isolation, that is in the absence of a small subpulmonary infundibu-
lum, is insufficient to produce the phenotypic features of tetralogy of
Fallot. SMT: septomarginal trabeculation.
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The other essential feature to produce tetralogy, in
addition to antero-cephalad deviation of the muscu-
lar outlet septum, is hypertrophy of the septoparietal
trabeculations, or conal free wall (Fig. 14). Such hyper-
trophy is seen even when the outlet septum itself is
represented only by a fibrous remnant, seen when
the interventricular communication is doubly com-
mitted (Fig. 15). One of us (PMW) subscribes to the
hypothesis that the essence of tetralogy is the presence

of a small subpulmonary infundibulum or conus,
along with a normally sized subaortic area in the
absence of a conus, this combination in itself resulting
in the antero-superior, or antero-cephalad, deviation
of the infundibular septum.

Although the deviation of the outlet septum, and
the hypertrophy of the septoparietal trabeculations,
are found in all examples of tetralogy, and can be
considered the essential phenotypic features, there is
then marked individual variability to be found in the
other features. This can be summarised in terms of
variability in the borders of the interventricular com-
munication, differences in the extent of commitment
of the aortic valve to the right ventricle, and variations
in the length and structure of the subpulmonary
infundibulum. Also important is the presence of asso-
ciated malformations. We will discuss each of these
items in greater detail.

Variability in the morphology of the
interventricular communication

“Interventricular communication” is a better term to
describe the hole between the ventricles than “ven-
tricular septal defect”, because there is still debate as to
the plane of space that constitutes the “septal defect”.
Part of the essence of tetralogy is the biventricular
connection of the leaflets of the aortic valve. This
means that the muscular outlet septum is exclusively
a right ventricular structure (Fig. 12). There is, there-
fore, a cone of space subtended beneath the leaflets of
the aortic valve that overrides the crest of the mus-
cular ventricular septum (Fig. 16). Relative to this
cone of space, the true interventricular communication
is the direct upward continuation of the plane of the
muscular ventricular septum. This plane, however,
transects the undersurface of the leaflets of the over-
riding aortic valve, and this is not the space that is
closed by the surgeon to commit the aorta to the left
ventricle. The plane of space of clinical importance is
the right ventricular margin of the subtended cone.
This right ventricular margin shows marked and
significant variability in its superior and postero-
inferior margins. In about four-fifths of patients, the
superior margin will be the muscular outlet septum,
while the postero-inferior margin is made up of an
area of fibrous continuity between the tricuspid, aor-
tic, and mitral valves (Fig. 17). Oftentimes, this area
is reinforced by a fibrous flap representing the inter-
ventricular component of the membranous septum,
whilst the atrioventricular component of the mem-
branous septum is incorporated in the area of fibrous
continuity. Because this space surrounds and incor-
porates the area of the membranous septum, the
defect itself can justifiably be considered to be peri-
membranous.9 The defect can also be termed a conal
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Overriding aorta

Deviated outlet septum

Hypertrophied
septoparietal trabeculations

Figure 14.
As shown in this specimen sectioned for comparison to Figure 13, it
is also necessary to have hypertrophy of the septoparietal trabeculations
and a small diameter to the subpulmonary infundibulum resulting
in or in addition to deviation of the muscular outlet septum to produce
the phenotype of tetralogy of Fallot.

∗

∗

Overriding aorta

Figure 15.
In this specimen, the outlet septum is represented by a fibrous raphe
between the leaflets of the overriding aortic valve and the pulmonary
valve (red dotted line). The presence of the hypertrophied septoparietal
trabeculations (asterisks) show the affinity to tetralogy of Fallot.
The ventricular septal defect is doubly committed and juxta-arterial.
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septal malalignment defect. The significance of this
is that, unlike the most common perimembranous
type of defect, namely the typical “conoventricular”
defect, malalignment defects are more anterior, and
do not have attachments of the cords of the tricuspid
valve at their margins, nor are they partially covered
by the tricuspid valvar leaflets. In about one-fifth of
such patients, however, the postero-inferior margin
of the defect is made of muscle rather than fibrous
tissue (Fig. 18). This is because the ventriculo-
infundibular fold, interposing between the leaflets of
the tricuspid and aortic valves, fuses with the poste-
rior limb of the septomarginal trabeculation. This is
important clinically because the muscle bar thus
formed protects the atrioventricular conduction
axis.12 If sufficiently large, sutures can be placed all
along this muscular margin without fear of damaging
the conduction tissues. The defect, therefore, whilst
still being a conal septal malalignment defect, pos-
sesses a muscular postero-inferior rim, thus distin-
guishing it from the malalignment defect that is
perimembranous.

The third variation in the borders of the defect is
to be found in the superior margin. As already stated,
in most patients this margin is formed by the muscu-
lar outlet septum (Fig. 12). In a very small propor-
tion of Caucasian patients, but in larger proportions
of patients from the Far East, South America, and
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Right
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Figure 16.
The diagram shows the cone of space (triangle) subtended between the
leaflets of the overriding aortic valve and the crest of the ventricular
septum (star). Note that, in this setting, the outlet septum (green) is
exclusively a right ventricular structure. It is the right ventricular
margin of the cone of space (red oval) that is closed by the surgeon so
as to reconnect the aorta with the left ventricle. This is the border that
shows significant anatomic variability (see Figs 12, 17 and 18).

∗

Aortic valve

Tricuspid
valve

Figure 17.
In this specimen, the roof of the ventricular septal defect is the devi-
ated outlet septum (red star). Note the resection of the septoparietal
trabeculations (asterisk). The postero-inferior border is made up of
an extensive area of fibrous continuity between the leaflets of the 
aortic and tricuspid valves (blue dotted line). The conduction axis
(red line) is at risk in the postero-inferior margin.

Figure 18.
In this specimen, the postero-inferior limb of the septomarginal trabecu-
lation has fused with the ventriculo-infundibular fold, producing a
muscular postero-inferior rim to the defect (blue dotted line) that protects
the conduction axis (red line). Note that the outlet septum is still devi-
ated in antero-cephalad direction so that the defect remains conoventric-
ular, termed malalignment type by some (compare with Fig. 17).
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Mexico, this rim is made up of a fibrous raphe between
the leaflets of the aortic and pulmonary valves, the
muscular outlet septum having failed to develop
(Fig. 15). The defect is therefore doubly committed
and juxta-arterial, or can be described as represent-
ing conal septal malalignment in association with
conal septal hypoplasia. Some describe this defect as
being “supracristal”. This term is inappropriate, how-
ever, since the essential component of the “crista”,
the muscular outlet septum, has failed to develop in
this setting. The relationship of the defect to the septo-
marginal trabeculation, or septal band, is exactly the
same as in the other forms of conal septal malalign-
ment. The doubly committed defect itself can be
perimembranous or have a muscular postero-inferior
rim depending on the degree of formation of the
ventriculo-infundibular fold and its fusion with the
posterior limb of the septomarginal trabeculation. 
In the past, one of us (RHA) argued that, since the
muscular outlet septum was absent in this defect, it
should not be considered as part of tetralogy of Fallot.15

We now recognise that this concept was misfounded,
since the primordium of the outlet septum is clearly
present in the doubly committed defect, but has
failed to muscularise.

Variation in commitment of the aorta 
to the right ventricle

This, perhaps, remains the most contentious point
with regard to description of tetralogy of Fallot. 
To some of us, tetralogy of Fallot represents a lesion
diagnosed on the basis of its morphology. Double
outlet is no more than a description of a particular
ventriculo-arterial connection or alignment, and does
not, therefore, describe any individual entity.7 Within
this philosophical approach, there is no logical reason
why tetralogy of Fallot should not co-exist with a
double outlet connection, or alignment, whenever
more than half of the circumference of the aortic valve
is supported by right ventricular rather than left
ventricular structures. And analysis of a large series
of cases with the phenotypic features of tetralogy shows
that such arrangement is far from rare.12 On the
other hand, some authorities argue that double outlet
should only be described when both arterial valves
not only arise predominantly from the right ventricle,
but are also supported in their entirety by complete
muscular infundibulums.8 This approach, of course,
transgresses the important philosophical principle
established by Van Praagh et al., and dubbed the
“Morphological method”, which states that one vari-
able morphological feature should not be defined on
the basis of a second feature that is itself variable.
One of us (PMW) considers double outlet right 
ventricle to represent one type of ventriculo-arterial

alignment, whereas tetralogy of Fallot is deemed to
be one conotruncal anomaly produced by a small
subpulmonary conus, with a normally sized subaor-
tic area in the absence of an infundibulum or conus,
in the setting of the ventriculo-arterial alignment
termed “normally aligned great arteries”. The other
major conotruncal anomaly with normally aligned
great arteries is that seen commonly with interrupted
aortic arch, and in some cases of ventricular septal
defect accompanied by hypoplasia of the aortic arch,
namely a small subaortic area with no conus but a
normal subpulmonary area with a conus. Within
this concept, the ventriculo-arterial alignment of
double outlet right ventricle can itself be associated
with a number of conotruncal anomalies, including
bilateral conuses of equal size; bilateral conuses with
a small subaortic conus as seen in the so-called
Taussig-Bing type, often with hypoplasia of the aor-
tic arch; bilateral conuses with small subpulmonary
conus, giving double outlet of the “tetralogy” type; 
a subpulmonary conus only with fibrous continuity
between the leaflets of the tricuspid and aortic valves,
as often seen with mitral atresia; a subaortic conus
only, with fibrous continuity between the leaflets of
the mitral and pulmonary valves but with pulmonary
trunk clearly above the right ventricle, sometimes
with straddling mitral valve; and a host of other conal
abnormalities. All of the above, however, may be
considered semantic, and not as important as the
practical difference between tetralogy of Fallot with
fibrous continuity between the leaflets of the mitral
and aortic valves, and what some of us call the
“tetralogy” type of double outlet right ventricle with
mitral-aortic discontinuity. In the former, repair never
results in obstruction to the left ventricular outlet,
whereas in the latter it frequently does, due to the fact
that the muscle between the mitral and aortic valves,
together with the remaining borders of the interven-
tricular communication, completes a ring of muscle.
This ring of muscle may hypertrophy over time after
intraventricular repair using a baffle, resulting in
obstruction to the outflow from the left ventricle.

Cases do exist with muscular separation between
the leaflets of the aortic and mitral valve and the
unequivocal outflow morphology of tetralogy (Fig. 19),
but they are rare.

Morphology of the subpulmonary
infundibulum

As we have discussed, the essence of tetralogy of Fallot
is a “squeeze” produced between the deviated muscu-
lar outlet septum or its fibrous remnant, and the
hypertrophied septoparietal trabeculations (Fig. 14).
In those with a muscular outlet septum, the majority
of patients, this then produces a narrowed muscular
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orifice to the subpulmonary infundibulum. Since the
septal component of the subpulmonary infundibulum
itself can be completely lacking in those patients with
the doubly committed defect, it is not surprising that
examination of large series of autopsied specimens
reveals marked variation in the length of the subpul-
monary infundibulum, and also in the thickness of the
muscular outlet septum.12 When series of specimens
are measured, however, and compared to the ratio of
infundibular length as seen in the normal heart relative
to the overall length of the right ventricle (Fig. 20),
the subpulmonary infundibulum in tetralogy is found
to be longer than normal.6,16 It is incorrect, therefore,
to argue that the infundibulum is “too short” in the

setting of tetralogy.5 The infundibulum certainly has
reduced volume compared to normal, and is unequiv-
ocally narrow, but in the majority of hearts, it is longer
when compared to the arrangement seen in the normal
heart. The mouth of the infundibulum, however, is but
one of the potential narrowings in the pulmonary out-
flow tract. The pulmonary valve itself can be addition-
ally stenotic, and has only two leaflets in the majority
of cases, whilst further narrowing can be found at the
sinutubular junction or within the pulmonary arteries,
particularly in the left pulmonary artery at the site of
origin of the arterial duct, if such a structure is present
or ligamentous.

Associated malformations

Any lesions that can, potentially, co-exist with tetral-
ogy must be anticipated to be present. Some are suf-
ficiently frequent to warrant positive exclusion. 
A right-sided aortic arch is present in up to one-third
of patients. Anomalous origin of the anterior inter-
ventricular artery from the right coronary artery is
found in perhaps one-twentieth of cases, and is of
obvious surgical significance. Perhaps the most sig-
nificant feature of surgical importance, however, is
the presence of pulmonary atresia rather than stenosis.
This variant makes up the majority of cases of 
“pulmonary atresia with ventricular septal defect”. It is
important because virtually all those examples with
pulmonary arterial flow derived from systemic-to-
pulmonary collateral arteries have the intracardiac
anatomy of tetralogy or one of its variants.17 Tetralogy
of Fallot with pulmonary atresia can also co-exist
with other origins of pulmonary arterial blood, such
as the arterial duct, or rarer forms such as aortopul-
monary windows, but it is the subset with systemic-to-
collateral arteries that are most important. Space
precludes a detailed analysis of these hearts, but the
key is to determine the proportion of the pulmonary
vasculature supplied by the collateral arteries, and
its connection with the intrapericardial pulmonary
arteries, if indeed such arteries are present.18 Other
significant associated malformations include a second
muscular inlet ventricular septal defect, atrioventricu-
lar septal defect with common atrioventricular junc-
tion, or canal, and straddling and overriding of the
tricuspid valve.

Conclusions

It is now possible to identify strict morphological
criterions for the diagnosis of tetralogy of Fallot,
namely antero-cephalad deviation of the muscular
outlet septum or its remnant relative to the septo-
marginal trabeculation, or septal band, coupled with
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Figure 19.
In this specimen, the antero-cephalad deviation of the outlet septum
(star) combined with hypertrophy of the septoparietal trabeculations
(asterisk), combined with overriding of the aortic valve, fulfil the
criterions for description as tetralogy of Fallot. Note, however, that
there is a muscular infundibulum separating the leaflets of the aor-
tic and mitral valves. In this specimen, therefore, tetralogy of Fallot
co-exists with double outlet right ventricle, or, as one of us (PMW)
would say, there is the tetralogy type of double outlet right ventricle.

p value for difference � 0.005

Fallot’s tetralogy
(n � 14)

Normal hearts
(n � 14)

0.28

1.0

0.36

Figure 20.
This cartoon summarises the measurements made by Becker et al.6

When assessed in series of cases, the infundibulum is significantly
longer in the setting of tetralogy than in the normal heart, although
it can be short in individual cases.
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hypertrophy of the septo-parietal trabeculations or a
small subpulmonary infundibulum or conus. Even
within this strict morphological definition, however,
as previously emphasised by Lev and Eckner,4 no two
specimens are identical. It is identification of the
morphological variations within this phenotypic
framework, therefore, that provides the key to accu-
rate clinical diagnosis. These variations include the
differences in the margins of the ventricular septal
defect, the extent of aortic override, and the precise
anatomic substrates for pulmonary obstruction. Also
important are the number and nature of associated
malformations. If approached in this fashion, then
those semantic differences that persist are of relatively
minor significance.
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