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Anatomical studies have shown that the pathognomonic feature of primitive ventricle is absence of that
portion of the interventricular septum which interposes between the atrioventricular valves. The relation of
this posterior septum to the atrioventricular valves is such that echocardiography should be a particularly
suitable technique for showing its presence or absence. When a posterior septum is present, it is seen on an

echocardiogram as a double echo between the two atrioventricular valves. Its presence limits posterior move-

ment of the septal cusp of the anterior atrioventricular valve. Absence of the posterior septum should, there-
fore, be seen echocardiographically as more than mere absence of the double septal echo. It should be possible
to show unusual posterior excursion of the 'septal' cusp of the anterior atrioventricular valve and apposition
of the 'septal' cusps of the atrioventricular valves during diastole. In most instances it should also be possible
to demonstrate that the posterior great artery is in continuity with both atrioventricular valves. We have
shown these echocardiographic features in 26 patients. The diagnosis ofprimitive ventricle has been confirmed
at necropsy or at operation in 4 patients. In the other 22 patients the angiographic data are compatible with
a diagnosis of primitive ventricle. Demonstration of these positive features at echocardiography is, therefore,
of considerable value in the initial diagnosis of primitive ventricle and in particular its differentiation from
other congenital malformations.

Surgical techniques for the correction of com-
plicated congenital heart defects have been im-
proving rapidly over the past decade. However, one
anomaly that continues to pose problems, both in
diagnosis and surgical correction, is the univentri-
cular heart which we prefer to describe as primitive
ventricle (Anderson et al., 1976). Recently, there
have been reports of successful correction, both by
septation (Edie et al., 1973; Maloney et al., 1975)
and by the use of valved conduits (Yacoub et al.,
1975). It has emerged from these reports that
success or failure of surgical correction depends on
an accurate preoperative knowledge ofthe anatomy.
However, in our experience, this is a condition
which can be difficult to diagnose, even after angio-
graphy. Absence of the posterior interventricular
septum (the hallmark of primitive ventricle) can
sometimes be difficult to demonstrate, while in
other instances it is not possible to determine the
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number of atrioventricular valves present, both
being features of considerable surgical importance.
During an anatomical study currently in progress it
became evident that echocardiography should be a
suitable technique for establishing the diagnosis of
primitive ventricle, since these hearts have more
features amenable to echocardiographic identifica-
tion than mere absence of the posterior septum. A
specific study of morphology has therefore been
undertaken to determine precise positive features of
the anomaly that might be demonstrable using M-
mode echocardiography. The clinical, angiographic,
surgical, and necropsy data have then been corre-
lated in patients with these echocardiographic
features.

Materials and methods

(a) ANATOMICAL STUDY
Seventy-three hearts were studied in which there
was absence of that part of the septum separating
the atrioventricular valves. These hearts were com-
pared with the normal. The specimens were taken
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Echocardiography of primitive ventricle

from various cardiopathological collections, namely
from Brompton Hospital, London; Royal Liver-
pool Children's Hospital; Southampton Western
Hospital; Killingbeck Hospital, Leeds; The Hos-
pital for Sick Children, London; and Grimsby
General Hospital; University of Amsterdam;
University of Leiden and Sint Antonius Ziekenhuis,
Utrecht.

(b) ECHOCARDIOGRAPHIC STUDY
An M-mode echocardiogram was performed on 75
patients in whom a diagnosis of univentricular heart
was suspected on clinical grounds. These included
patients suspected of having atrioventricular valve
atresia, which is in our opinion better considered as

a type of univentricular heart, and other patients in
whom the differential diagnosis was large ventricu-
lar septal defect or 'corrected transposition'. Record-
ings were made with a Smith-Kline Ekoline 20A
echocardiograph interfaced with either a Honey-
well fibreoptic strip chart recorder, or a Cambridge
photographic strip chart recorder. A 2-25 MHz
transducer was used in all patients other than neo-
nates in whom a 5 MHz transducer was occasionally
used. There were 26 patients whose echocardio-
grams showed the features which we considered to
be diagnostic of primitive ventricle with two atrio-
ventricular valves; these patients formed the basis
of the study. The angiograms and catheterisation
data of these patients were reviewed and compared
with the echocardiographic findings. In those
patients who subsequently had an operation or died,
direct anatomical comparison was made.

Results

(a) ANATOMICAL CONSIDERATIONS
The common feature of the 73 hearts studied
(Table) was complete absence of any posterior septal
structure separating the septal cusps of the right
and left atrioventricular valves (Fig. 1). In all the
hearts the right and left valves closely resembled
each other in terms of cusp pattern, each valve
possessing a prominent 'septal' cusp (Fig. 2B). In
all except one of the hearts studied, both of these
'septal' cusps were free to move into the outflow
tract of the posterior great artery, this observation
suggesting that during ventricular diastole during
life the cusps would have been free to approximate
each other in this posterior arterial outflow tract
(Fig. 2A); in the other heart, both great arteries
arose from an outlet chamber.
Though the ventricular inflow portions of all

the hearts were identical, the hearts could be sub-
divided depending on the presence or absence of
an anterior septal structure. Such a structure,

Table Details of 73 anatomical specimens studied

Primitive ventricle with outlet chamber:
rboth valves entirely to main chamber

It straddling right AV valve
Lstraddling left AV valve

routlet chamber to right
II outlet chamber anterior

Loutlet chamber to left

fnormal connections
1-transposition

J d-transposition
double-outlet main chamber
double-outlet outlet chamber
Ksingle aortic trunk with pulmonary atresia

Primitive ventricle without outlet chamber:
rd-malposition ('normal relations')

It d-malposition ('side-by-side')
1l-malposition ('side-by-side')

46
8
5

28
4
27

10
27
16
3
1

2

5
4
5

59

14

Note: These hearts were studied as part of an ongoing investigation;
further details are to be published at a later date (Anderson, Wilkin-
son, and Becker, unpublished observations).

smooth on its posterior aspect (Fig. 2B), was present
in 59 hearts, dividing the ventricular segment of
these hearts into a larger portion receiving the
atrioventricular valves, the primitive ventricle, and a
smaller portion which usually gave rise to a single
great artery but did not contain atrioventricular
valvar tension apparatus; we have termed this
anterior chamber the outlet chamber. The septum
separating the primitive ventricle from the outlet
chamber was always situated anteriorly to both
atrioventricular valves, though occasionally it was
straddled by one of these valves. When stradd-
ling occurred (in 13 hearts), then some tension
apparatus took origin from the outlet chamber.
Though smooth on its posterior aspect, the septum
was in no way comparable to the septum observed
in the normal heart (Fig. 1 and 4). It never extended
posteriorly to the crux of the heart, always tending
to run to the margo acutus in primitive ventricular
hearts (Fig. 2 and 3). Furthermore, in primitive
ventricular hearts (Fig. 2 and 3) it never supported
the septal cusp of the right atrioventricular valve, as
it does in the normal heart (Fig. 4). In the primitive
ventricles with outlet chamber, there was variation
in the orientation of the anterior septum. In 28
hearts, the septum ran from a left anterior position
in posterior direction to the margo acutus at the
right border of the heart (Fig. 3): in these, the small
trabeculated tail of the outlet chamber was also to
the right. In 4 hearts the septum was directly in the
frontal plane, placing the outlet chamber anterior
to the primitive ventricle; in 3 of these the tail was
left-sided and in one right-sided. In 27 hearts the
septum ran from right anterior obliquely and pos-
teriorly to the left margin of the heart, with the tail
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also to the left (Fig. 2). In the 13 hearts with a
straddling valve, the outlet chamber was of larger
dimensions and the septum was straddled by the
anterior papillary muscle and anterior cusp of the
valve. In 8 hearts the right atrioventricular valve
straddled into a right-sided outlet chamber (Fig. 3).
In 5 hearts the left-sided valve was the straddling
valve, with the outlet chamber to the left in 4 and to
the right in 1. Despite this straddling, the relation of
the septal cusps of both atrioventricular valves to
the posterior great artery was as in all the other
primitive ventricular hearts (Fig. 3).

In the 14 hearts without an anterior septal struc-
ture dividing the ventricular cavity into main
chamber and outlet chamber, a single ventricular
chamber received both atrioventricular valves and
supported both great arteries (except when one
great artery was atretic). In terms of trabecular
pattern, apart from the absence of the anterior
septum, the hearts were identical with those which
possessed outlet chambers. We have, therefore,
termed these hearts primitive ventricle without outlet
chamber. In 5 of these hearts the left part of the
anterior septum fused with the infundibular
septum to produce a well-formed infundibular
chamber (Fig. 5). However, the septum did not
extend apically to separate the infundibulum as part
of a discrete outlet chamber.

In all the examples of primitive ventricle without
outlet chamber, since the ventricle was a single
chamber, the ventriculoarterial connection must by
definition be one of double-outlet chamber. In
primitive ventricle with outlet chamber, more varia-
tion was observed in ventriculoarterial connections
(Table). In 10 hearts the arteries were normally
connected; in 27 hearts 1-transposition was
present; in 16 d-transposition was observed; 3
hearts had double outlet main chamber, 1 heart
possessed a double-outlet outlet chamber, and the re-
maining 2 hearts had single aortic trunks from the
outlet chamber with pulmonary atresia. These vari-
ations in ventriculoarterial connection in no way
affected the atrioventricular valves except to produce
some alteration in the state of the ventriculoinfun-
dibular fold. The posterior great artery arose from
muscular tissue in only 8 of 73 hearts, and 6 of these
had a double-outlet connection. In 9 hearts the pos-
terior great artery was in fibrous continuity with only
one atrioventricular valve, the right in 5 and the
left in 4. In the remaining 56 hearts (77%) the
posterior great artery was in fibrous continuity
with both atrioventricular valves.
Thus, from this anatomical study we would

expect that, in addition to absence of the posterior
septum, other positive features of primitive ven-
tricle would be identifiable echocardiographically.

Ant.

Right Left

Post.
Anterior Septum (Bulboventricular)

Presence of Right Bulboventricular Septum
gives,OUTLET CHAMBER

Anterior Left

Posterior

NORMAL HEART Absence of Posterior Septum gives PRIMITIVE VENTRICLE
Fig. 1 Cross-sectional diagrams comparing the septal components of the normal heart (left hand diagram) with
primitive ventricle (right hand diagram). In the normal heart the muscular septum has two components; an anterior,
bulboventricular septum between the infundibulum and the left ventricle and a posterior, interventricular component
between the atrioventricular valves. Absence of this posterior septal component gives the univentricular heart, termed
by us 'primitive ventricle'. If the anterior bulboventricular septum persists in its entirety, then the primitive ventricle
will be associated with an outlet chamber. Should the right portion of the bulboventricular septum be absent, then
primitive (single or common) ventricle without outlet chamber will result.
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Echocardiography of primitive ventricle

These are (a) free 'septal' excursion of the right
atrioventricular valve; (b) apposition of the 'septal'
valve cusps in ventricular diastole, and (c) in the
majority of hearts continuity of the posterior great
artery with both atrioventricular valves (Fig. 6).

(b) ECHOCARDIOGRAPHIC DATA
Between January 1975 and March 1976, 75 patients
in whom a diagnosis of primitive ventricle was either
suspected or considered as a differential diagnosis,
underwent echocardiographic study at the Bromp-
ton Hospital. Of these patients 26 fulfilled the ex-
pected criteria for primitive ventricle with two
atrioventricular valves. All 26 patients showed (a)
absence of a posterior interventricular septum

between the two atrioventricular valves, (b) un-
usual posterior excursion of the posterior cusp of
the anterior atrioventricular valve which closely
resembled the posterior atrioventricular valve, and
(c) apposition of the 'septal' cusps of the two
atrioventricular valves during diastole (Fig. 7). In
25 patients there was echocardiographic 'continuity'
between the two atrioventricular valves and the
posterior semilunar valve (Fig. 8 and 9). An
anterior (anatomically bulboventricular) septum
was found with certainty in only 7 patients.
The diagnosis of primitive ventricle with or with-

out outlet chamber was confirmed at operation or
necropsy in 4 patients. Three of these patients had
been diagnosed angiographically as primitive

Fig. 2 (A) Photograph of the primitive ventricle from a specimen of primitive ventricle with outlet chamber. The
heart has been opened by a frontal cut through the primitive ventricle (PV), which receives both atrioventricular
valves (RA VV, LA VV), and the anterior aspect has been reflected superiorly so that the bulboventricular septum
(BVS) and the bulboventricular foramen (BVF) are seen in the top of the picture. Through the bulboventricular
foramen part of the outlet chamber can be seen. The infundibular septum (IS) separates the pulmonary artery (PA)
from the aorta which arises from the outlet chamber. Note that both atrioventricular valves are free to move into
the outflow tract of the posterior great artery (arrows). LPM, left-sided papillary muscle; RPM, right-sided papillary
muscle; RA, right atrium. (B) Another view of the same heart, with retraction of the 'septal' cusp of the right
atrioventricular valve. The absence of the posterior septum is now evident (large arrow) and the potential for free
movement of both atrioventricular valves into the outflow tract of the posterior artery is clearly seen (small arrows).
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ventricle. The fourth patient had been diagnosed
angiographically as double-outlet right ventricle,
but the echocardiogram (Fig. 9) showed the
features of primitive ventricle, and at operation this
latter diagnosis was confirmed.
Of the remaining 22 patients, 16 had originally

been diagnosed as primitive ventricle with or with-
out outlet chamber. Four had been diagnosed as
'corrected transposition' (the combination of trans-
position and atrioventricular discordance). In 2
further patients the differential diagnosis was
between transposition with ventricular septal defect
and a primitive ventricle, and 2 had been given no
definite diagnosis. As a result of our anatomical
study, we were able to review the angiograms with
the morphological features of primitive ventricle
in mind, and look for the specific diagnostic features.
Thus, an angiographic diagnosis of primitive ven-
tricle was made if there was definite evidence of 2
atrioventricular valves entering the same ventri-

cular chamber. The relation of the posterior great
artery to the main chamber was particularly help-
ful in this respect, since in primitive ventricle the
artery arises from the mid-point of the chamber,
being contiguous with both atrioventricular valves.
In the presence of a posterior septum, the origin of
the posterior great artery is eccentric. We also felt
that we were able to distinguish between an outlet
chamber and a morphologically right ventricle on
angiographic appearances, the former being smaller,
possessing less of an apical trabeculated segment,
and never receiving the entirety of an atrioventri-
cular valve. Using these criteria the angiograms
were found to be compatible with a diagnosis of
primitive ventricle in all these 22 patients.
The angiograms showed an outlet chamber in 13

patients; in only 7 (54%) of these was an anterior
septum detected echocardiographically. However,
in no case was an anterior septum shown on the
echocardiogram, where an outlet chamber was not

Fig. 3 Photographs of an example of primitive ventricle with outlet chamber and straddling right atrioventricular
valve. Fig. 3A is a view of the outlet chamber (OC), which supports the normally connected pulmonary artery (PA).
Note that the anterior bulboventricular septum (BVS) runs from left anterior in posterior direction to the right
acute margin of the heart where it fuses with the infundibular septum (IS). It is straddled by the anterior papillary
muscle (APM) of the right AV valve (Ravv). Fig. 3B shows the primitive ventricle (PV), which receives the
entirety of the left atrioventricular valve (Lavv) and the greater part of the right valve. Note that the 'septal'
cusp of the right valve is tethered into the primitive ventricle, and that both cusps are free to move into the aortic
outflow tract (small arrows) where they are in fibrous continuity with the aortic valve. Note that the septum (large
arrow) runs to the acute margin of the ventricle and does not interpose between the atrioventricular valves. In the
anticipated site of the posterior septum a well-formed posterior ridge (PR) is present.
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present on the angiogram. One patient was found at
necropsy to have a straddling right atrioventricular
valve; this was not apparent on either the echo-
cardiogram or the angiogram. The angiograms of
one other patient also suggested a straddling right
atrioventricular valve, but this was not shown on the
echocardiogram.

Discussion

Previous echocardiographic studies have shown
that absence of septal echoes may indicate presence
of a single (primitive) ventricle (Chesler et al.,
1971; Meyer and Kaplan, 1973; Assad-Morrell et
al., 1974; Ferrer et al., 1975; Felner et al., 1976;
Seward et al., 1976). However, since it is possible to
miss septal echoes in a heart containing a septum the
condition may be incorrectly diagnosed. Our study
has shown that there are positive features of the
primitive ventricle that can be seen in addition to
absence of the septum, so that echocardiographic
diagnosis can be based on positive rather than
negative findings. Our anatomical study confirmed
that the cardinal feature of the primitive ventricle is
absence of the posterior portion of the interven-
tricular septum (Van Praagh et al., 1964; Lev et al.,
1969). It also showed that absence of this septum
affects the movements of the atrioventricular valves
in such a way as to give a characteristic echocardio-
graphic pattern, namely: (a) unusual posterior
excursion of the posterior cusp of the anterior
atrioventricular valve so that it closely resembles the
posterior valve, (b) apposition of the septal cusps of
the two atrioventricular valves, and (c) in the

majority of cases echocardiographic continuity
between the posterior semilunar valve and the two
atrioventricular valves. Thus, if diagnosis is based
on these findings, false positive diagnoses should be
prevented (should it merely have not proved
possible to echo a normally positioned posterior
septum), and false negatives should be avoided in
the circumstance of large conjoined papillary
muscles giving the angiographic appearance of a
posterior septum. The finding of continuity of the
posterior great artery with both atrioventricular
valves is perhaps more difficult to establish than the
other criteria. Furthermore, since absolute con-
tinuity of adjacent fibrous structures is difficult to
establish echocardiographically, it may seem of less
value. None the less, Seward et al. (1976) showed
echocardiographic continuity of the posterior great
artery with the posterior atrioventricular valve in 27
of 31 patients, while Felner et al. (1976) observed
this feature in 5 of 6 patients. Since anatomical
continuity of the posterior great artery with both
atrioventricular valves was seen in 77 per cent of our
necropsy specimens, with continuity of one valve
and contiguity of the other in a further 145 per
cent, we believe the finding to be of considerable
significance if the term contiguity is used rather than
continuity. Thus, there are very few other con-
genital anomalies apart from primitive ventricle
which would present the feature of both atrio-
ventricular valves in contiguity with the posterior
great artery in the absence of a posterior septum.

In our study the echocardiograms of 26 patients
showed these anticipated features of single ventricle
with two atrioventricular valves. The correlation

Fig. 4 Photograph of a normal heart.
opened through the posterior aspect of the
right atrioventricular orifice with reflection
of the parietal wall. Note how the septal
cusp (SC) of the tricuspid valve is
tethered tightly to the posterior inter-
ventricular septum (PIVS) by multiple,
small chordae and papillary muscles
(arrowed). The anterior (AC) and
lateral (LC) cusps are tethered by the
prominent anterior papillary muscle
(APM). The inferior vena cava (IVC),
Thebesian valve (ThV) guarding the
coronary sinus (CS) and the site of the
tendon of Todaro (T of T) are all visible
within the right atrium.
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with angiographic, surgical, and necropsy date was
good. Our attempts to identify an anterior septum
and its relation to the anterior atrioventricular valve
have not been entirely successful. Others have
achieved greater success in this respect, and C.
Mortera, S. J. Hunter, and M. J. Tynan (1976,
personal communication) have positively identified
outlet chambers by echocardiography in over 90
per cent of patients shown by cardiac catheterisa-
tion to have primitive ventricle with outlet chamber.
An anterior septum straddled by the right atrio-
ventricular valve has also been identified echocardio-
graphically, by Seward et al. (1975a) and by

Fig. 5 Photograph of a specimen of primitive ventricle
without outlet chamber, opened through a posterior cut in
the right atrioventricular orifice (exactly as in Fig. 2).
Though an infundibulo-ventricular septum (Inf-VS)
separates the infundibulum (Inf) from that part of the
heart receiving the atrioventricular valves, this septum
does not continue to the right and an outlet chamber is
not present. The great arteries are normally connected.
Again note the absence of the posterior septum (arrowed)
between the right atrioventricular valve (RAVV) with
its papillary muscles (RPM) and the papillary muscle
(LPM) of the left atrioventricular valve. PV, primitive
ventricle; CS, coronary sinus; FO, foramen ovale;
RA, right atrium.

Lacorte et al. (1976); examination of the illustrated
echocardiograms from both these reports shows
that they fulfil the criteria we have suggested for
primitive ventricle. It is our belief that these hearts
are similar to the hearts we studied and characterised
as primitive ventricle with outlet chamber and
straddling atrioventricular valves. It can logically
be argued that if part of an atrioventricular valve
enters an anterior chamber this can no longer be
considered an outlet chamber. In these circum-
stances, as suggested by Liberthson et al. (1971),
the chambers can alternatively be designated as
primitive left and primitive right ventricles. Be
that as it may, there is no doubt in our minds that
the septum straddled in such hearts is the bulbo-
ventricular septum as in primitive ventricle with
outlet chamber rather than the interventricular
septum as in the normal heart; furthermore, the
anterior chamber resembles an outlet chamber
rather than a right ventricle.
An additional technique which may be of value in

the investigation of primitive ventricle is contrast
echocardiography. Using such contrast echocardio-
graphy the Mayo Clinic group have had consider-
able success in diagnosis (Seward et al., 1975b;
J. B. Seward, 1976, personal communication). This
technique should also be of value in distinguishing
patients with straddling atrioventricular valves.
We thus believe that a positive diagnosis of primi-

tive ventricle can be made echocardiographically.
This is of importance since it allows the differentia-
tion of primitive ventricle from other conditions
with which it may be confused angiographically.
The most significant of these is congenitally cor-
rected transposition (transposition with atrio-
ventricular discordance). Indeed some authors con-
tend that primitive ventricle with left-sided outlet
chamber should be considered as a variant of
'corrected transposition' (Friedberg and Nadas,
1970). We agree with Ruttenberg (1970) and believe
that the two should be considered as separate
anomalies, the presence or absence of a posterior
septum being the distinguishing feature. This is
equally true of the distinction of primitive ventricle
with straddling left atrioventricular valve from cor-
rected transposition. As we have shown, the
absence of the posterior septum is particularly well
demonstrated echocardiographically, while it also
appears that congenitally corrected transposition
itself has clearly recognisable echocardiographic
features (Beardshaw et al., 1976; Rey and Lablanche,
1976; Keutel and Hagenmuller, 1976).

Finally, it must not be presumed that the echo-
cardiogram provides all the answers. We believe
that cardiac catheterisation is essential in the study of
all suspected cases of primitive ventricle. This is par-
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f Both"Septal"Cusps

Restriction of Septal Cusp Excursion

(A) NORMAL HEART (B) PRIMITIVE VENTRICLE

Fig. 6 Diagrams showing how the anatomy illustrated in Figures 2 to 4 affects the valve movements in (A) the
normal heart and (B) primitive ventricle. Orientation as indicated in Fig. 1. TV, tricuspid valve; MV, mitral valve.
Note that the morphology of the two atrioventricular valves is similar in primitive ventricle, and that they are
therefore designated right (RAVV) and left (LA VV).
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Fig. 7 Echocardiogram of primitive ventricle. Note (a)
the unusual posterior excursion of the right atrioventri-
cular valve which resembles the left atrioventricular
valve, (b) the meeting of the atrioventricular valves
during diastole, and (c) the absence of echoes from the
posterior interventricular septum.

ticularly so in order to show the presence or absence
of an outlet chamber, a feature which in our hands
has not so far lent itself to reliable echocardiographic
delineation. In planning treatment, the presence of
associated lesions, including semilunar valve steno-
sis, must also be established; these are also more
clearly shown by conventional haemodynamic
study and angiography. At the time of angiography
it should also be possible to perform contrast
echocardiography which, as the Mayo Clinic group
have shown, gives considerably more information
(Seward et al., 1975b). Using the combined tech-
niques of echocardiography and angiography, we
believe it should be possible to diagnose single
ventricle accurately and provide information on the
presence or absence of an outlet chamber and the
number and condition of atrioventricular valves
present, essential information for any subsequent
operation.
We are grateful to our colleagues Drs. A. E. Becker,
Wilhelmina Gasthuis, Amsterdam, and J. L. Wilkinson,
University of Liverpool, for permitting us to quote
pertinent details from an ongoing anatomical study of
primitive ventricle. We are also grateful to our clinical
colleagues, Drs. M. C. Joseph and E. A. Shineboume,
for allowing us to study patients in their care, and to
Dr. G. A. H. Miller, Director, Cardiac Laboratories,
Brompton Hospital. We are indebted to Dr. A. Oppen-
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Fig. 8 (A) Echocardiogram of primitive ventricle showing a scan from the posterior artery into the right and left
atrioventricular (AV) valves. There is contiguity between these structures. (B) Scan of the valves themselves
illustrates meeting of the 'septal' cusps in diastole in absence of a septum (open arrows) and unusu2l posterior
excursion of the right valve (closed arrows) so that it resembles the left valve.
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Echocardiography of primitive ventricle

Fig. 9 Echocardiographic scan of a patient with primitive ventricle. Note that the posterior great artery (known to
be the pulmonary artery) is in contiguity with both atrioventricular valves, though the echoes from valve to
valve are not actually continuous, and that the other criteria for primitive ventricle are also present (compare with
Fig. 7 and 8). This patient was diagnosed angiographically as double-outlet right ventricle, but primitive ventricle
without outlet chamber was confirmed at operation.
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