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Two main theories exist for the explanation of univentricular hearts. One states that the bulboventricular
septum becomes realigned to form the interventricular septum, and that univentricular hearts are a conse-
quence of failure of this realignment. The other states that bulboventricular and interventricular septa are
different structures, and that the univentricular heart resultsfrom failure offormation of the posterior inter-
ventricular septum. Four hearts are described in which both the posterior septum and an anterior bulboven-
tricular septum are present. In each heart, therefore, the rignt ventricular sinus is separated bothfrom the left
ventricular sinus and from a discrete outlet chamber which supports the pulmonary artery. It is argued that
these findings militate strongly against theories proposing reorientation of the bulboventricular septum to form
the definitive interventricular septum. They support strongly the concept that the definlitive right ventricle is
formed in part from the bulbus and in part from the primitive ventricle. On the basis of these findings, it is
suggested that the distinctive feature of the univentricular heart is absence of the posterior septum. Such
hearts can properly be termed 'primitive ventricle'. It is also suggested that hearts with atretic or straddling
valves should be included within this category.

For some considerable time, hearts with one the studies of Streeter (1942, 1945, 1948) had
effective ventricular chamber have been the topic of indicated that the trabeculated pouch of the right
controversy and confusion. In recent years much of ventricle was a derivative of the primitive bulbus.
this disagreement has centred upon differences in From this finding, others assumed that the primi-
opinion regarding the correct usage of the terms tive bulbus formed the entirety of the definitive
'single' and 'common' ventricle, as applied to right ventricle, and that the embryonic primitive
these hearts (Lev, Paul, and Miller, 1962; Van ventricle formed only the definitive left ventricle (de
Praagh, Ongley, and Swan, 1964; Somerville, Vries and Saunders, 1962). Since the primitive
Becu, and Ross, 1974). Other points of contention ventricle originally received blood from both right
are more fundamental and relate to differing and left atria, de la Cruz and Miller (1968), there-
theories regarding the embryogenesis of both the fore, argued that 'single ventricle with outlet
normal right ventricle and the univentricular heart. chamber' resulted from failure of migration of the
Keith (1906, 1909) pointed out that the primitive right atrioventricular canal from the primitive
bulbus formed only part of the definitive right ventricle to the bulbus. Since they believed the
ventricle, and that the bulbus could persist as a primitive ventricle formed only the left ventricle,
discrete cardiac chamber. The concept that the they suggested that these hearts should be termed
primitive ventricle formed the sinuses of both right 'double inlet left ventricle'. Van Praagh et al.
and left ventricles subsequently received support (1964) had previously argued in similar fashion,
from the embryological investigations of Pernkopf but had concluded that the right ventricular sinus
and Wirtinger (1933). Both Harley (1958) and Lev was absent in 'single ventricle with outlet chamber'.
et al. (1969) subsequently suggested that the main The keystone of this controversy is, therefore, the
chamber in univentricular hearts was composed of fate of the original septum between the primitive
both right and left ventricular sinuses. In contrast, bulbus and the primitive ventricle (Fig. 1). If this
Received 9 December 1975. septum is considered as possessing right and left
1R.H.A. is a British Heart Foundation Senior Research Fellow. parts, which can be termed ridges, applying the
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Morphogenesis of univentricular hearts 559

Truncus rium Endocardial Cushions

Primitive Bulbus Primitive Ventricle

Bulboventricular Septum

B V Foramen

-;\ Ii4* \ Left BV Ridge RAVO LAVO

Left AV Orifice

Right BV Ridge- Prmiiv

Ant~~~ ~ ~~~~~~~~~etil

Right AV Orifice Ant

B. R L BV Junction C.

Post

FIG. 1 Diagrammatic representations to illustrate the form of the primitive heart tube
following bulboventricular looping. (A) View of afrontal section through the loop. The primitive
atrium communicates only with the primitive ventricle. The junction between the two, the
atrioventricular canal, is becoming septated by the endocardial cushions to form the right and
left atrioventricular orifices (RAVO, LAVO) which perforce will open into the primitive
ventricle. The primitive ventricle opens to the primitive bulbus through the bulboventricular
foramen. This foramen is bounded inferiorly by the bulboventricular septum, superiorly by the
inner curvature of the heart tube (conoventricularflange), and to right and left by the bulboven-
tricular (BV) ridges. The bulbus supports the truncus, which leads to the aortic sac. (B)
Section through the loop at level B-B. (C) Relation at this stage betw3en the bulboventricular
foramen and the atrioventricular orifices. The cross-hatching will remain constant throughout
the succeeding figures.

theory of Streeter (1942) to development it can be ventricular sinuses, while in the same heart an
seen that active migration of the right atrioventri- anterior septum divided the ventricular inflow
cular canal would convert the right bulboventricular portions from an outlet chamber, this finding would
ridge into the posterior interventricular septum constitute strong evidence in favour of the concept
(Fig. 2A). In contrast, application of the concept of for development of 'single ventricle with outlet
Pernkopf and Wirtinger (1933) reveals that re- chamber' espoused by Harley (1958) and Lev et al.
gression of this ridge would be required during de- (1969). It would militate against the arguments of
velopment, with subsequent growth of a new Van Praagh et al. (1964) and de la Cruz and Miller
posterior septum to divide the primitive ventricle (1968) (Fig. 3). We have recently examined four
(Fig. 2B). such hearts. The findings are described here and it is

If it could be shown that a heart existed in which suggested that they form the basis for a classifica-
a posterior septum divided the right and left tion of the univentricular heart.
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Morphogenesis of univentricular heart 561

+*- FIG. 2 Diagrams illustrating the different theories regarding the mode of development of the
definitive right ventricle. The primitive state is shown in the upper figure (B-bulbus; PV-
primitive ventricle; LBVR, RBVR-left and right bulboventricular ridges; RAVO, LAVO-
right and left atrioventricular orifices). Series A illustrates the theory espoused by de la Cruz
and Miller (1968). They suggested that the right bulboventricular ridge becomes reorientated
after migration of the right AV orifice. The RBVR becomes the posterior interventricular
septum. The definitive right ventricle is consequently formed entirely from the bulbus, while
the primitive ventricle forms only the definitive left ventricle. The relations of the AV orifices
to theB Vforamenfollowing thisprocess are illustrated in Fig. 2A2. In contrast, Lev et al. (1969)
suggested that the primitive ventricle contributed to both ventricular sinuses. This mechanism is
illustrated in Fig. 2B. Expansion of the atrioventricular canal and regression of the right BV
ridge enables both bulbus and primitive ventricle to contribute to the definitive right ventricle.
A new septum is formed in the primitive ventricle dividing the chamber into the definitive right
and left ventricular sinuses. The anticipated relations of the AV orifices to the BV foramen
after this mode of development are illustrated in Fig. 2B2. When applied to the anomaly of the
univentricular heart, Theory A would result in this anomaly following failure of migration of
the right AV orifice from the primitive ventricle to the bulbus. If this theory were correct, the
univentricular heart would indeed be a 'double inlet left ventricle'. However, Theory B would
account for this anomaly as a consequence offailure of septation of the primitive ventricle and
persistence of the right bulboventricular ridge. If this theory were correct, it would be inap-
propriate to label this anomaly 'double inlet left ventricle'; 'double inlet primitive ventricle'
would be the correct term.

Description of specimens portion and a trabeculated apical portion. It com-
Case1 municated with the hypoplastic right ventricularCase 1 inflow segment through a slit-like apical defect,

This heart was from the cardiopathological collec- and also with the left ventricle through a small sub-
tion of Grimsby General Hospital. Only the heart aortic defect. The diagnosis was: (1) Solitus
was available for examination. The arch and apex concordant-normal connexions; (2) ostium primum
were both to the left in the presence of atrial situs atrial septal defect; (3) hypoplasia of right ven-
solitus. The pulmonary artery was anterior and to tricular sinus and tricuspid valve; (4) origin of
the left of the aorta, the great arteries being of pulmonary artery from discrete outlet chamber.
similar size. The coronary arteries were normally
arranged with right dominance, but a large right Cases 2 and 3
marginal artery was seen (Fig. 4A). The right Case 2 was also from the cardiopathological col-
atrium received the superior and inferior caval lection of Grimsby General Hospital. Case 3 was
veins and the coronary sinus. There was a large from the collection of the Royal Liverpool Child-
ostium primum defect between right and left atria, ren's Hospital. The hearts were similar in ap-
with an additional small patent foramen ovale. The pearance and can be best described by reference to
left atrium received the four pulmonary veins. At Case 3. The heart alone was available for examina-
first sight it appeared that a common atrioventricular tion. The atria were in solitus position and the
valve was present. However, on closer examination arch and apex were to the left. The pulmonary
(Fig. 4B) it was seen that the lower edge of the atrial artery was anterior and to the left of the aorta, and
septum straddled the left ventricle which received was slightly smaller than the aorta (Fig. 5A). The
.a normal mitral valve. The interventricular septum coronary artery distribution was normal, with right
was deviated to the right as a consequence of gross dominance. The right atrium received the superior
hypoplasia of the right ventricular inflow portion. and inferior venae cavae and the coronary sinus.
On opening this small chamber (Fig. 4C) it was The atrial septum was closed. The left atrium
found to contain a separate but hypoplastic tricuspid received the four pulmonary veins. Both atria com-
valve. The aorta arose from the large left ventricle municated through separate atrioventricular valves
and fibrous continuity was present between the with a partially septated ventricular cavity (Fig. 6A).
.aortic and mitral valves. The pulmonary artery The left atrioventricular valve was tethered by two
arose from a discrete anterior outlet chamber. This pairs of multiple papillary muscles joined together
-chamber (Fig. 4D) possessed a smooth upper at the ventricular apex (Fig. 5C). This part of the
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562 Anderson, Becker, Wilkinson, and Gerlis

FIG. 3 This diagram illustrates the relations be-
tween the two theories of development described in B
Fig. 2 (upper panels) and a theoretical heart. If RBVR
Theory B were correct, it would be anticipated that a
heart would exist in which the bulvoventricular
septum persisted to separate the right ventricular RIVRp
outflow tract (bulbus) from the sinus (primitive
ventricle). At the same time, the right ventricular
sinus could be separatedfrom the left ventricular sinus, NO
both derived from the primitive ventricle, by the
posterior interventricular septum, itself derived from YES
the primitive ventricle. Such a heart is shown in
diagrammatic form in the lower panel (TV- Bulbovent
tricuspid valve; MV-mitralvalve; AO-aorta; PA septum AO
-pulmonary artery; IVR-interventricular ridge;r

A

other abbreviations as before). The diagram illustrates _ Vm
that it is difficult to account for this heart by applica- L
tion of the theory which assumes reorientation of the
right BV ridge to form the posterior interventricular p
septum. - Interventricular septum

main ventricular cavity was coarsely trabeculated defect passed into a discrete anterior outlet chamber
(Fig. 5C, D). The right atrioventricular valve was which gave rise to the pulmonary artery. This
tethered posteriorly by multiple small papillary outlet chamber had a trabeculated apical segment
muscles and anteriorly was tied down by short and a smooth upper segment (Fig. 5B). The
chordae to an anterior septum. A larger anterior posterior wall of the smooth segment was in part
papillary muscle arose from the posterior aspect of derived from the conus septum between aorta and
this septum (Fig. 6B). Posteriorly the ventricular pulmonary artery. Some of the chordae tethering
cavity was partially divided by a ridge-like septum the anterior cusp of the right atrioventricular valve
which swept down to form a shallow apical septum were arising from the outlet chamber aspect of the
(Fig. 6A). Anteriorly it swept up to fuse with the anterior septum (Fig. 5B). The diagnosis in both
anterior septum (Fig. 6B). This posterior septum cases was: (1) solitus-primitive ventricle-normal
was coarsely trabeculated on both sides (Fig. 5C, connexion; (2) partial septation of primitive
6B) and was overriden by the aortic valve which was ventricle; (3) pulmonary artery from discrete outlet
in continuity with both the right and left atrio- chamber.
ventricular valves (Fig. 5D, 6A). A further defect was
present beneath the tied-down anterior cusp of the Case 4
right atrioventricular valve (Fig. 5D, 6C). This This heart was present in the anatomical museum

FIG. 4 Photographs of Case 1. (A) Anterior view of the heart. The aorta and pulmonary 4-
artery (AO, PA) are normally connected and related. The outlet chamber (OC) is delimited
by the anterior descending coronary artery (ADA). (RA-right atrium; MCA-marginal
branch of right coronary artery.) (B) Atrioventricular junction opened from behind through
a cut in the left ventricle. The deviatedposterior septum is seen (PS) with the mitral valve (MV)
attached to its crest. The aortic outflow tract (AOT) is seen beneath the anterior cusp of this
valve. The pointer indicates the hypoplastic right ventricular sinus which receives the tricuspid
orifice (TO). An ostium primum defect is present and the lower edge of the septum primum
(SP) straddles the left ventricle. The left atrium (LA) is seen beneath this through the primum
defect. (CS-coronary sinus; PFO-patient foramen ovale.) (C) Hypoplastic right ven-
tricular sinus (RVS) opened from behind. The hypoplastic tricuspid valve (TV) is tethered
into this cavity. (D) The outlet chamber which supports the pulmonary artery has smooth in-
fundibular (Inf) and apical trabeculated (T) portions. It is separated from the ventricular
inflow portions by a well-formed anterior septum (AS).
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Morphogenesis of univentricular hearts 563

of St. Bartholomew's Hospital Medical School, branch was observed (Fig. 7A). The venous drainage
London, and was brought to our attention by was normal, and the atrial septum was closed. The
Professor 0. J. Lewis. The atria were arranged in right atrium drained to a coarsely trabeculated
situs solitus and the arch and apex were to the left. ventricular sinus which was septated both from the
The pulmonary artery was anterior and to the left left ventricle and from the right ventricular outflow
of the aorta, and was about two-thirds of the size of portion (Fig. 7B-D). The valve in the right ven-
the aorta. There was dominance of the right tricular sinus was typical of a tricuspid valve, having
coronary artery, and a prominent right marginal multiple posterior papillary muscles, a large anterior
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FIG. 5 Photographs of Case 3. (A) Anterior view of the heart. The great arteries (Ao,
PA) are normally connected and related. The pulmonary artery arises from an anterior outlet
chamber (OC). (B) Opened outlet chamber, which has a smooth upper infundibular portion
(Inf) and an apical trabeculated segment (T). Note that the tricuspid valve is visible above
the anterior septum (AS) through the outlet foramen (OF). (C) Left ventricular inflow tract.
The mitral valve (MV) enters a coarsely trabeculated sinus (LVS) and communicates with
the right ventricular sinus through an interventricularforamen (IVF). The aorta (AoV- aortic
valve) overrides this foramen. (D) Anterior aspect of both ventricular inflow tracts, opened
through a sqgittal cut in the main ventricular chamber. The posterior part of the chambers is
reflected to the top right part of the figure, and a posterior septum (PS) is seen separating the
mitral and tricuspid valves (MV, TV), both being in continuity with the aortic valve (AoV).
The anterior wall of the chamber is separated into right and left sides (RVS, LVS) by the
shallow posterior septum (PS). The probe is placed in the outlet foramen beneath the tricuspid
valve.
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Morphogenesis of univentricular hearts 565

FIG. 6 Further photographs of Case 3.
(A) Posterior wall of the main ventricular
chamber, opened as described for Fig. 5D.
The atrioventricular valves (TV, MV)
are both in continuity with the aortic valve
(AoV). The right and left ventricular LO
sinuses (RVS, LVS) are separated by the
posterior septum (PS), which approxi- -____
mates posteriorly to the ridge (PR) seen in R
primitive ventricular hearts. (B) View of
the right ventricular sinus opened through
its parietal wall. The right atrium (RA)
communicates with this sinus (RVS)
through the tricuspid valve. The septal
(SC) and anterior (AC) cusps are, seen,
and the interventricularforamen (IVF) is __s__.
visible. The outlet foramen is beneath the
anterior cusp (To OF). (APM-anterior ___
papillary muscle.) (C) Further view Of
the anteriorparts of the ventricular inflow
tracts opened through the sagittal incision 3
described above. The probe is placed
through the outflow foramen. Note that
the anterior septum (AS) is separate
from the posterior septum (PS).
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F .7Drawings of Case 4. Tke keart was in a 'rpot' in the anatomical museum of St.
Bartholomew's Medical School, and could not be adequately photographed. (A) Anterior
aspect of the heart, with the pulmonary artery (PA) arising from a discrete outlet chamber
which is delimited by the anterior descending (LAD) and marginal coronary arteries ('de-
limiting artery'). (B) Detail of the outlet chamber with two outlet foramina. (C) Right
ventricular inflow portion (VSD-ventricular septal defect; TSM-trabecula septomarginalis;
OF-outlet foramen). (D) The left side of the heart.
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Morphogenesis of univentricular hearts 567

papillary muscle, and a conal papillary muscle deviated as a consequence of hypoplasia of the right
(Fig. 7C). The posterior septum was well formed ventricular sinus. In the remaining heart (Case 4)
and trabeculated on its right aspect. The left aspect the posterior septum is directly comparable to the
was smooth, and a typical morphologically left ven- normal interventricular septum, and indeed the
tricular sinus received a valve with morphological relations between this septum and the aorta are as
characteristics of the mitral valve (Fig. 7D). The seen in Fallot's tetralogy. In each case, therefore, it
aorta overrode a large defect between the right and is as though the right ventricle were divided into
left ventricular sinuses, and there was fibrous con- two portions, and 'two-chambered right ventricle'
tinuity between the aortic and mitral valves. The would be an alternative designation for each of the
septum separating the right ventricular sinus from hearts. In this respect, Case 4 is very similar to some
the outlet chamber was overlaid on its posterior of the hearts recently reported within this designa-
aspect by a large trabecula septomarginalis which tion by Rowland, Rosenthal, and Castaneda (1975).
gave rise to conal and anterior papillary muscles The important feature of these hearts is that in
(Fig. 7C). Defects were present between right ven- each case discrete and different septa divide the in-
tricular sinus and outlet chamber both above and let portions of the heart from each other and from an
beneath the trabecula (Fig. 7C). The outlet chamber outlet chamber. This is of major significance in
was a well-formed structure and possessed a smooth relation to hearts in which an outlet chamber is
upper portion and a large apical segment which separated from a main ventricular chamber by an
received both defects from the right ventricular in- anterior septum, but in which the main chamber is
flow tract (Fig. 7B). The prominent marginal artery unseptated and receives both atrioventricular valves
marked the position of the right part of the septum ('single ventricle with outlet chamber'). De la Cruz
between inflow and outflow chambers (Fig. 7A). and Miller (1968) have argued that in these hearts
The diagnosis was: (1) Solitus-concordant- the anterior septum is the malaligned posterior

normal connexions; (2) Fallot's tetralogy; (3) septum. It is supposedly in anterior position as a
origin of pulmonary artery from discrete outlet consequence of failure of migration of the right
chamber. atrioventricular canal to the bulbus. They quote as

further evidence in support of this concept the fact
Discussion that hearts are found in which the right valve

straddles the anterior septum, arguing that these
The hearts described here have in common the hearts are intermediate specimens in the process of
feature that in each heart the anterior great artery migration of right atrioventricular orifice from left
(pulmonary artery) arose from a discrete outlet ventricle to bulbus. It is clear that the hearts
chamber. It is significant that this outlet chamber presently described constitute important evidence
observed is directly comparable to the outlet against this hypothesis. Since both anterior and
chamber seen in 'single ventricle with outlet posterior septa are present in the same specimens,
chamber' when this outlet chamber also supports the the one could not possibly be formed by realignment
pulmonary artery. This situation in 'single ventricle' of the other as is implied by the concept of de la
is frequently referred to as the 'Holmes' heart Cruz and Miller (1968).
(Holmes, 1824; Rosenquist, Olney, and Roe, It can be argued from our data that the anterior
1963; Marin-Garcia et al., 1974; Somerville et al., septum between the outlet chamber and right ven-
1975). It is further significant that such outlet tricular sinus is the original bulboventricular
chambers are also directly comparable with the so- septum, while the posterior septum is the septum
called 'right ventricle' seen in tricuspid atresia with derived from growth within the primitive ventricle.
normally connected great arteries (Edwards et al., This presumes that the right ventricle is developed
1965; Gasul, Arcilla, and Lev, 1966). after regression of the original right bulboventri-
The hearts described also have in common the cular septum. However, it could equally be argued

fact that though the outlet chamber is separated that the anterior septum is a 'false' septum, derived
from the right ventricular sinus by a well-formed from the extensions of the conus septum together
anterior septum, the right ventricular septum is with the trabecula septomarginalis, as suggested
separated from the left ventricular sinus by a by Lev (Gasul et al., 1966; Lev et al., 1969).
posterior septum of varying dimensions and pro- Alternatively the 'septum' could be derived from
portions. In two of the hearts (Cases 2 and 3), this anomalous insertion of the trabecula septomar-
posterior septum is comparable with the 'posterior ginalis (or moderator band) as suggested by
ridge' seen in 'single ventricle with outlet chamber' Rowland et al. (1975). Whatever the origin of the
(Lev et al., 1969; Anderson et al., 1974). In one septum, there is no doubt in our minds that the
heart (Case 1), the septum is well formed but is septa seen in the hearts described here are directly
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568 Anderson, Becker, Wilkinson, and Gerlis

Absence or Presence of RBVR gives OUTLET CHAMBER

a) without Outlet Chamber b) with Outlet Chamber

Absence of Interventricular Septum gives PRIMITIVE VENTRICLE

F I G. 8 Diagrams illustrating the concept of classification of univentricular hearts as 'primitive
ventricle'. Primitive ventricle can be defined as absence of the posterior interventricular septum.
Presence or absence of the right bulboventricular ridge (RBVR) then enables primitive ventricles
to be classified as either 'primitive ventricle with outlet chamber' or Cprimitive ventricle without
outlet chamber'.

comparable with the septa seen in 'single ventricle persist as a discrete chamber derived from the
with outlet chamber'. We suggest that if this septum primitive bulbus.
is 'false' in one category, it is also false' in the other. Although the premise of de la Cruz and Miller
Further evidence is pertinent to this problem. Van (1968) assumes that the primitive ventricle con-
Praagh et al. (1964) had suggested that conducting tributes only to the definitive left ventricle, these
tissue studies would solve the problem concerning workers agree that the embryonic primitive ven-
the nature of the septum. Our own studies indicated tricle initially receives the atrioventricular canal
that the septum in 'single ventricle with outlet in its entirety. Lev et al. (1969) pointed out that
chamber' carried both the atrioventricular bundle whichever theory of development was adopted, it
and bundle-branches (Anderson et al., 1974). This would always be correct to speak of the chamber
finding was confirmed by Bharati and Lev (1975). receiving the atrioventricular valves in univentri-
However, these histological results still did not cular hearts as the primitive ventricle. We suggest that
indicate whether the septum was in its anterior this can be extended to provide the basis of an
position as a consequence of failure of migration of alternative classification for the univentricular heart
the right atrioventricular orifice or persistence of which totally avoids the use of the contentious
the right bulboventricular ridge. We now believe terms 'single', 'common' or 'double inlet left'
that the present findings indicate that the anterior ventricle
septum is indeed a persistent right bulboventricular Primitive ventricle can properly be defined in
ridge, and our gross studies in Cases 2 and 3 anomalous conditions as absence of the posterior
suggest that the anterior septum carries conducting interventricular septum (Fig. 8). It can then be
tissue. We await histological confirmation of this subdivided, depending upon presence or absence
fact. We, therefore, submit that the evidence of the anterior bulboventricular septum, into
presented indicates that, as suggested by Keith primitive ventricle with outlet chamber and primitive
(1906) and endorsed by Lev et al. (1969), the ventricle without outlet chamber (Fig. 8).
definitive right ventricular sinus is a derivative of This concept can be taken further. We indicated
the primitive ventricle while the outlet portion can above that the outlet chambers in the hearts we have
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Morphogenesis of univentricular hearts 569

described are directly comparable with the so- absence of the posterior septum coupled with
called right ventricle seen in tricuspid atresia. At failure of expansion of the atrioventricular canal,
present it is usual to exclude hearts with atresia of and eccentric fusion of the endocardial cushions
an atrioventricular orifice from the category of the and the septum primum would result in formation
univentricular heart (Van Praagh et al., 1964; of hearts with atresia of the right atrioventricular
Gasul et al., 1966). No scientific reason is given for orifice (Fig. 9). Thus, since the posterior septum
this exclusion. We believe that the similarity in would be absent, tricuspid atresia could justifiably
chamber morphology makes the exclusion un- be considered as a variant of primitive ventricle.
warranted. Furthermore, we contend that the Furthermore, it could be expected to exist with or
similarities are related to the fact that tricuspid without an outlet chamber. Extending this argu-
atresia is morphogenetically linked to primitive ment, it follows that straddling right atrioventricular
ventricle. It has previously been argued by others valve cannot be explained on the basis of incomplete
that primitive ventricle itself results from lack of migration of the valve to the bulbus. Further
migration of the atrioventricular canal across the evidence in favour of this conclusion comes from
bulboventricular septum. We have argued that this the study of Dor and Corone (1973). In their ex-
is not the case, since our evidence indicates that perimental study of the chick heart, they showed
primitive ventricle is a consequence of failure of that actual migration of the atrioventricular canal
development of the posterior septum. This process did not occur. However, their investigation did not
would demand normal expansion of the atrio- rule out the possibility of expansion of the canal
ventricular canal in order to form right and left during development. On our theory, straddling
atrioventricular orifices. It can be shown that valves can be easily accounted for,'since the septum

A

Primitive Loop

PR

a) Lack of Expansion b) Normal Expansion

FIG. 9 Diagrams illustrating the similarity in morphogenesis between primitive ventricle with
two atrioventricular valves and tricuspid atresia. Both can be considered as absence of the
posterior interventricular septum and persistence of the bulboventricular septum. Tricuspid
atresia results from failure of expansion of the atrioventricular canal together with eccentric
fusion of the endocardial cushions. In contrast, primitive ventricle with two valves demands
normal expansion of the atrioventricular canal. (B-bulbus; V-Primitive ventricle; Ao-aorta;
PA-pulmonary artery; TA-tricuspid atresia; PR-posterior ridge.)
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LBVR

T_BB

IVR
Bulboventricular Septum

/Straddling L'eft AV Valve
Straddling Right AV Valve S L

lnf

LV

Interventricular Septum

FIG. 10 Diagrams illustrating the concept of straddling atrioventricular valves. (A) Frontal
section through the primitive heart tube (A-primitive atrium; PV-primitive ventricle; B-
bulbus; T-truncus). (B) Cross-section at the level of the line. The right and left bulboventri-
cular ridges (RBVR, LBVR) separate bulbus from primitive ventricle. The primitive ventricle
itself is divided into the right ventricular sinus (RVS) and left ventricular sinus (LVS) by
the interventricular ridge (IVR). (C) Should the bulbus persist as an outlet chamber (OC)
with primitive ventricle (PV), then the right atrioventricular valve can straddle the bulboven-
tricular septum. The left atrioventricular valve may also straddle the bulboventricular septum
in primitive ventricle with outlet chamber. (D) The mitral valve may also straddle the inter-
ventricular septum when right and left ventricles are normally separated (Inf-infundibulum).
Reprinted from Shinebourne, Macartney, and Anderson (1976).

straddled in the case of the right valve would be the We, therefore, propose that the univentricular
bulboventricular septum rather than the inter- heart is defined as a heart in which the posterior
ventricular septum (Fig. 10). Thus if the anterior interventricular septum is absent. Such hearts can
papillary muscle arose from the bulbus rather than exist with or without an outlet chamber, with
from the primitive ventricle, in a situation in which atresia of an atrioventricular orifice, or with a
the anterior septum was not completely resorbed, straddling atrioventricular valve. It also follows
then primitive ventricle with outlet chamber and that the hearts can exist with all possible combina-
straddling right atrioventricular valve would be tions of atrial chamber morphology and with all
formed, as described by Liberthson et al. (1971). possible ventriculo-arterial connexions (Fig. 11).
(Fig. 10). We have thus far studied approximately 200 hearts
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PATRIAL CHAMBENR r

Right | | Left |
Sided ConnSided T D

V | | ~~~~~~~~~AVVALVES |

oithlOutlatChamber b a)i2nAVvalvesot

b)MapositionsbTransositin b)fomManChab) CPlmT AVeV

V PRIMITIVE VENTRICLCN)EAtrticNRt AVV

/1 _ ~~~~~~~~d)Atretic Lt AVV

|ithoutOutletChamber QeStraddlingRt AV

| |f)~~~~~StraddlingULtAVV|

Normal Connexcions Transposition Double Outet Single Trunk

a)Normal Relations a) d -Transposition a) from Outlet Chamber a) Cornmon Trunk

b) Malpositions b) I -Transposition b)rom Main Chamber c) sinl Pulmn.Artery

VENTRICULO-ARTERIAL CONNEXIONS

FIG. 11 Diagram illustrating the possible variations which may be expected in the anomaly of
primitive ventricle, defined as absence of the posterior interventricular septum. The scheme is
based upon the premises that (a) primitive ventricle can exist with or without an outlet chamber;
(b) with any disposition of atrial chambers; (c) with varying malformations of the atrioven-
tricular valves (AVV); (d) with any possible ventriculo-arterial connexion.

in these categories and the results are in complete Bharati, S., and Lev, M. (1975). The course of the conduction
agreement with the hypothesis presently advanced, system in single ventricle with inverted (L-) loop and

These findings will be published in the near future inverted (L-) transposition. Circulation, 51, 723.
Tnese finindgs will be published in the near future De La Cruz, M. V., and Miller, B. L. (1968). Double-inlet
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