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Tetralogy of Fallot associated with persistent common
atrioventricular canal (endocardial cushion defect)'
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A clinicopathological analysis was made of I3 cases in which the anatomical characteristics of tetralogy of
Fallot were associated either with the classicalfeatures of the complete type of persistent common atrioven-
tricular canal (8 cases) or with a forme fruste of the latter (5 cases); that is, cleft tricuspid valve (4 cases) and
isolated ostium primum (one). The ratio offemale to male was IO to 3. Down's syndrome was associated in 6 of
the 13 cases. Features of tetralogy of Fallot dominated the clinical picture in all cases and the diagnosis was
supported by angiocardiography.

The classical form of persistent common atrioventricular canal was identifiable from both the electro-
cardiogram and the left ventriculogram. The electrocardiogram was characteristic - showing left axis
deviation with a counterclockwise loop in the frontal plane - and when available the left ventriculogram
showed the characteristic goose-neck deformity.

Only one patient with forme fruste of the atrioventricular canal showed this characteristic electrocardio-
graphic picture. When the forme fruste was represented by a cleft in the tricuspid valve, the tricuspid re-

gurgitation was not recognizable clinically. The right ventriculogram, however, presented evidence of tricuspid
regurgitation.

Tetralogy of Fallot and persistent common atrio-
ventricular canal each exhibit specific anatomical
characteristics. While either condition may be
associated with certain variations and/or other
anomalies, it is uncommon to observe both con-
ditions in the same heart. When the two are assoc-
iated, each malformation has an influence in modi-
fying the basic functional characteristics and the
surgical challenges of the other. The result is an
interesting entity.
Only a few cases have been reported in which

tetralogy of Fallot was associated with the complete
type of persistent common atrioventricular canal.
For this reason, we were stimulated to describe our
clinical and pathological obervations in our cases of
tetralogy of Fallot associated with persistent com-
mon atrioventricular canal.

Subjects and methods
Thirteen cases with the characteristic anatomical features
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of tetralogy of Fallot and a form of persistent common
atrioventricular canal were available for study. The
cases were divided into two groups according to the type
of abnormality derived from the endocardial cushion
tissue. Group I consisted of 8 cases in which the per-
sistent common atrioventricular canal was of the com-
plete type according to the definition of Wakai and
Edwards (I958). Group II consisted of 5 cases in which
formes frustes of persistent common atrioventricular
canal were present. In 4 of these cases (group Ha), the
malformation of the atrioventricular canal was repre-
sented simply by a cleft in the septal leaflet of the tri-
cuspid valve and, in the fifth case (group IIb), by an
atrial septal defect of the atrioventricular canal type
(ostium primum).

Observations

The ages of the 8 patients in group I varied from 5
weeks to 26 years. Seven were female. Five patients
exhibited Down's syndrome; 4 of these 5 were
female.
The ages of the 4 patients in group IIa varied

from II to 26 years. Three of them were female
and one of the 3 had Down's syndrome. Group IIb
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FIG. I A typical case of tetralogy of Fallot associated with the complete type of persistent
common atrioventricular canal. a) View of interior of the right ventricle. The aorta (Ao.)
arises above the ventricular septal defect (D.) from both ventricles. The characteristic infundi-
bular chamber (I.) of tetralogy of Fallot is portrayed. b) View of a portion of the left atrium
(L.A.) and left ventricle (L. V.). Beneath the atrial septal defect (A.S.D.) that is characteristic
of common atrioventricular canal is shown a cleft in the anterior leaflet of the mitral valve,
yielding two components (A. and P.) which, together with elements of the tricuspid valve, had
formed the anterior and posterior leaflets of the common atrioventricular valve.

consisted of a single, 2-year-old male child without
Down's syndrome.

Anatomical findings

Anatomical characteristics of tetralogy of Fallot
were present in each of the I3 cases (Fig. ia). The
aorta arose above the ventricular septum, thus over-

riding both ventricles. In each case the aorta was

wider than the pulmonary trunk.
The outflow tract of the right ventricle showed

various abnormalities. Valvular pulmonary stenosis
was present in 9 patients, the pulmonary valve being
bicuspid in 6 and dome-shaped in 3. The pul-
monary valve was atretic in 2 patients and normal
in the remaining 2. Infundibular narrowing was

present in each patient. In IO this was in the form of
infundibular stenosis, in one patient a stenosing ring
was present 8 mm below the pulmonary valve, and
in the remaining 2 patients, each of whom had pul-
monary valvular atresia, the right ventricular out-
flow area was hypoplastic.
The special characteristics of the abnormality of

the endocardial cushion follow.

Classical persistent common atrioventricular
canal (group I) In the 8 patients who exhibited
the complete type of persistent common atrio-
ventricular canal, the atrial septum was deficient,
with the defect lying anterior and inferior to the
fossa ovalis. The superior border of the atrial
defect was formed by the arched inferior margin
of the septum primum. In each, the atrial defect
was continuous with a deficiency in the upper por-
tion of the ventricular septum. The defects con-
tinued through clefts in the anterior leaflet of the
mitral valve and the septal leaflet of the tricuspid
valve. The result was the formation of a large
anterior and a smaller posterior leaflet for the com-
mon atrioventricular orifice (Fig. ib).

Formes frustes of persistent common atrio-
ventricular canal (group II) The atrial septum
was intact in the 4 patients in group IIa, but a cleft
in the septal leaflet of the tricuspid valve represented
the endocardial cushion abnormality (Fig. 2). The
depth of the cleft was variable, extending from half-
way through the septal leaflet to the annulus. It
divided the septal leaflet into an anterior and
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FIG. 2 A forme fruste of persistent common atrioventricular canal in the form of a cleft
septal leaflet of the tricuspid valve associated with the tetralogy of Fallot. a) View of right
atrium (R.A.) and right ventricle (R.V.). The atrial septum is intact. The septal leaflet of
the tricuspid valve is cleft (between arrows). b) Right ventricle (R. V.) and aorta (Ao.). The aorta
shows biventricular origin above a ventricular septal defect (D.). Probe leads to a narrow in-
fundibulum of the right ventricle characteristic of that in tetralogy of Fallot.
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FIG. 3 A forme fruste of persistent common atrioventricular canal in the form of a persistent
ostium primum associated with tetralogy of Fallot. a) View of right atrium (R.A.) and right
ventricle (R. V.). The atrial septal defect (A.S.D.) is beneath the fossa ovalis (F.O.). b) View
of left atrium (L.A.) and left ventricle (L. V.). The lower edge of the atrial septal defect (A.S.D.)
is formed by the basal aspect of the anterior mitral leaflet.
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posterior segment. The posterior portion was
usually smaller than the anterior. The margins of
the cleft were rolled and thickened. Chordal attach-
ments varied. In 3 patients, part of the chordae
were attached to the rim of the ventricular septal
defect and, in 2 of these 3, other chordae passed to
the area adjacent to the aortic valve cusps. In the
fourth patient, the anterior part of the tricuspid
valve formed a modified parachute type of de-
formity.

In the one patient in group IIb, a small, 4 mm,
ostium primum type of defect was present. The
defect was anteroinferior to the fossa ovalis. From
the right atrial aspect, septal tissue was present
between the lower border of this defect and the
tricuspid ring. From the left atrial aspect, however,
the defect was formed by the base of the anterior
leaflet of the mitral valve (Fig. 3). Both the anterior
mitral and septal tricuspid leaflets were normal.

Additional anatomical anomalies A fossa
ovalis-atrial septal defect was present in 6 patients,
4 from group I and 2 from group II. The defect in
the fossa ovalis merged with the atrial defect result-
ing from the complete type of persistent common
atrioventricular canal in 2 patients of group I. The
result was almost a single atrium.
Four patients in group I, and 2 in group II

showed a right aortic arch with mirror image
branching. A left-sided persistent ductus arteriosus
was present in 2 patients, both of whom had the
complete type of persistent common atrioventricular
canal. In one of these patients the persistent ductus
arteriosus was associated with a right aortic arch and
ran between the left innominate artery and the left
pulmonary artery.
When other intracardiac or related abnormalities

were present, in group I, these consisted of mild cor
triatriatum in I case and abnormalities of the mitral
valve in 2 cases. One of these defects was a modified
parachute deformity of the mitral valve; the other
was attachment of the posterior leaflet of the mitral
valve directly to the wall of the left ventricle. In I
case severe stenosis of the left pulmonary artery was
evident distal to the insertion of the ductus arter-
iosus. An anomalous right subclavian artery was
present as the fourth branch of the aorta in one case,
and a persistent left superior vena cava joined the
coronary sinus in 2 cases.

Clinical findings
The predominant clinical findings in both groups of
cases were those associated with tetralogy of Fallot.
Cyanosis of varying degree was present in each
patient, but squatting and anoxic spells were in-
frequent. Systolic murmurs were present in II

I,
FIG. 4 Frontal x-ray of a 9-year-old girl with
tetralogy of Fallot and the complete variety of per-
sistent common atrioventricular canal. The picture is
compatible with that of the tetralogy of Fallot.

-90

.90

*= Complete type of persistent common
atrioventricular canal.

As Cleft tricuspid valve.
0Q Atrial septal defect of the persistent

common atrioventricular canal type.
FIG. S Summary of the electrocardiographic axes
in the 13 cases studied. With the exception of one case,
all those with the complete variety of persistent com-
mon atrioventricular canal associated with tetralogy of
Fallot showed left axis deviation. In the exceptional
case, wherein the mean QRS axis was +1700, the
direction of the frontal loop was counterclockwise.
Only one of the cases of forme fruste of persistent
common atrioventricular canal (cleft tricuspid leaflet)
showed left axis deviation and counterclockwise rota-
tion.
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Tetralogy of Fallot and common AV canal 201

patients. These were located along the left sternal
border and were either grade 3/6 or grade 4/6. The
murmur extended to the back in group I patients.
Neither of the patients with pulmonary atresia had a
murmur initially but one had a continuous murmur
later. The second sound was single in i i and split in
2 patients. The pulmonary component was delayed
and soft in the latter 2.

Radiographic findings
The thoracic x-ray was believed to be classical for
tetralogy of Fallot in 4 patients, 2 ofwhom showed a
complete form of atrioventricular canal (Fig. 4). In
the remaining patients, the cardiac silhouette,
though characteristic for tetralogy of Fallot, showed
mild to moderate cardiomegaly. The cardiac apex
was upturned and the pulmonary artery segment
was concave. The pulmonary vasculature was dim-
inished in I2 patients and normal in the remaining
patient.

Electrocardiographic findings
Left axis deviation was found in each of the patients
with the complete form of common atrioventricular
canal. The mean QRS axis in the frontal plane
ranged from -go' to + I70° (Fig. 5). Vectorial
analysis of the QRS loop in the frontal plane re-
vealed that the instantaneous vector advanced in a
counterclockwise direction in each case (Fig. 6).

I li 11I aVR aVL aVF

< ... .. ..

V4R VI V V3 V4 V5 V6

FIG. 6 Electrocardiogram showing left axis devia-
tion with right ventricular hypertrophy in the 9-year-
old girl with tetralogy of Fallot and persistent com-
mon atrioventricular canal (same case as Fig. 4). The
picture is more like that of persistent common atrio-
ventricular canal than tetralogy of Fallot.

I II III aVR aVL aVF

Vl V2 V3 V4 V5 V6

FIG. 7 Electrocardiogram from the patient whose
heart is illustrated in Fig. 2 with a cleft septal leaflet
of the tricuspid valve associated with tetralogy of
Fallot. This is the only instance of the forme fruste
of persistent common atrioventricular canal associated
with the tetralogy of Fallot that shows left axis
deviation.

In contrast, only i patient in group II showed left
axis deviation and counterclockwise rotation of the
loop (Fig. 7). The other 4 showed clockwise rota-
tion and right axis deviation.

Comment
The pathological anatomy of tetralogy of Fallot is
well known. Associated malformations have been
reviewed earlier (Rao, Anderson, and Edwards
I97I). The association of persistent common atrio-
ventricular canal with tetralogy of Fallot is rare.

Twenty-four cases have been reported: Planchu
and Gardere (i909), Abbott (I936), Harris and
Farber (I939), Benjamin, Landt, and Zeek (1940),
Warden et al. (I957), and Castleman (I957) each
reported i case; McGoon, DuShane, and Kirklin
(1959) described 2 cases, Fontana and Edwards
(I962) described 2; Mouquin et al. (I956) reported
3; Lev, Agustsson, and Arcilla (I96I) reported 3;
Scott, Hauck, and Nadas (I962) described 3; and
Young (I963) described 5 cases.

Pathological anatomy
The spectrum of anomalies of the atrioventricular
canal associated with tetralogy varies from the com-
plete type of persistent common atrioventricular
canal to an isolated cleft in the septal leaflet of the
tricuspid valve. The complete type is the com-
monest. Besides our 8 cases, 2I cases of the complete
type associated with tetralogy of Fallot have been
reported earlier. Transitional and partial types
appear to be less common. Two cases of the tran-
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202 Tandon, Moller, and Edwards

sitional variety have been reported earlier. One was
seen by one of us (J.E.E.) (Fontana and Edwards,
I962), and the other by Lev et al. (I96I). The de-
scription of the case reported by Warden et al.
(I957) suggests the partial variety of persistent
common atrioventricular canal.
The isolated cleft in the septal leaflet of the

tricuspid valve, present in 4 of our cases, represents
the minimal manifestation of atrioventricular canal
malformations. These cases were included for 3
reasons: (i) the type of involvement of the septal
leaflet of the tricuspid valve was typical of that seen
in atrioventricular canal malformations; (2) Down's
syndrome which is commonly associated with mal-
formations of the atrioventricular canal was present
in i of these 4 cases; and (3) in i of these 4 cases the
electrocardiogram (Fig. 7) was typical of that seen
in malformations of the atrioventricular canal.

Clinical features
Clinically, the patients presented with symptoms
and signs typical of tetralogy of Fallot. Certain
features need to be emphasized, however.
Down's syndrome is frequently associated with

this combination of anomalies. Of our I3 patients, 6
showed features of Down's syndrome: 5 of the 6
were from group I and i from group II. In I4 of the
24 patients with tetralogy of Fallot and persistent
atrioventricular canal, whose cases have been re-
ported elsewhere, the presence or absence ofDown's
syndrome is known, and 6 of these showed features
of Down's syndrome. Of these 6 patients, 5 had the
complete type of persistent common atrioventricular
canal.
The sexes are equally represented or there is

slight male predominance in tetralogy of Fallot,
whereas female cases predominate when tetralogy
is associated with atrioventricular canal malforma-
tions. Of our I3 patients, I0 were female. Of the 20
reported cases of this association, in which sex is
known, I5 were female.

Physical examination suggests tetralogy of Fallot
and is mostly unrewarding in suggesting the pre-
sence of an additional atrioventricular canal mal-
formation; The systolic murmur, however, tends to
be louder and more widely radiated than in un-
complicated tetralogy of Fallot. A separate re-
gurgitant systolic murmur of tricuspid or mitral
regurgitation was not described in any of our cases.
The pathological anatomy, however, suggests that
it can be present and may have been responsible for
the radiation of systolic murmur toward the back in
the group I cases.

Slight cardiomegaly and a prominent right atrium
were noted frequently in the x-rays in our cases of

tetralogy of Fallot associated with persistent com-
mon atrioventricular canal. These radiological
features, however, are not diagnostic enough to be
of help in the clinical recognition of the association
of atrioventricular canal malformation with Fallot's
tetralogy.
The electrocardiogram is most useful in separat-

ing group I cases from cases of uncomplicated
tetralogy of Fallot. In all of the group I cases, the
electrocardiogram was typical of persistent common
atrioventricular canal in that it showed pronounced
left axis deviation. The vectorial analysis indicated
that the frontal plane vector moved in a counter-
clockwise direction. Except in one case in which the
electrocardiogram showed left axis deviation with
counterclockwise direction in the frontal plane, the
electrocardiogram was not helpful in separating
group II cases from cases of uncomplicated tetra-
logy of Fallot.
The diagnosis of persistent common atrioven-

tricular canal associated with tetralogy of Fallot can

FIG. 8 Left ventriculogram in the 9-year-old girl
with tetralogy of Fallot associated with the complete
variety of persistent common atrioventricular canal
(same case as Fig. 4 and 6). The characteristic goose-
neck deformity of the latter malformation is evident.
Opacification (between arrows) at base of left ventricle
may be the opposing edges of the thickened tissue of
the cleft mitral valve. Opacification of the right
atrium (R.A.) indicates mitral regurgitation.
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Tetralogy of Fallot and common A V canal 203

FIG. 9 Same case as Fig. 8, right ventriculograms showing the features of the tetralogy of
Fallot. a) Frontal view. b) Lateral view.
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FIG. IO Cleft in a septal leaflet of the tricuspid valve associated with the tetralogy of Fallot.
a) Right atrium (R.A.) and right ventricle (R.V.). The septal leaflet of the tricuspid valve
shows a cleft (between arrows). b) Right ventriculogram in frontal view. In addition to showing
pulmonary stenosis and opacification of the aorta (A.) there is opacification of the right atrium
(R.A.) indicating tricuspid regurgitation and tetralogy of Fallot.
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FIG. II The case of the tetralogy of Fallot in the 9-year-old girl associated with the complete
variety of persistent common atrioventricular canal which had been treated surgically (same
case as Fig. 4, 6, 8, and 9). a) View of left atrium (L.A.) and left ventricle (L. V.). The atrial
septal defect (A.S.D.) has been closed by a 'teflon' patch. A stitch has been placed across the
base of the cleft in the anterior mitral leaflet. b) View of the aorta (Ao.) and left ventricle. The
ventricular septal deficiency (D.) has been partially closed by a patch. In spite of this, the aorta
(Ao.) continues to arise from both ventricles because the ventricular septal defect (probe)
remains open.

be suspected, but is difficult to prove at cardiac
catheterization. Cineangiograms, however, were
diagnostic in group I. They showed the typical
goose-neck appearance secondary to the pro-
nounced deficiency of the ventricular septum in left
ventriculograms (Fig. 8). A right ventriculogram
will identify the tetralogy (Fig. 9). The diagnosis in
group II cases may be difficult even with angio-
graphy. Evidence of tricuspid regurgitation in right
ventriculograms, however, may suggest the diag-
nosis (Fig. io).

Surgical procedures
The combination of atrioventricular canal malfor-
mation with tetralogy of Fallot may be corrected
surgically. Group II lesions do not offer any greater
surgical difficulty than uncomplicated tetralogy of
Fallot does. If the diagnosis has been established
beforehand, group II lesions may be easier to cor-
rect and a right ventriculotomy may be preventable,
since the cleft septal leaflet of the tricuspid valve
results in a larger tricuspid valve opening and the

ventricular septal defect can be more easily
approached.
When the tetralogy is associated with complete

common atrioventricular canal, the problem with
regard to the ventricular septal defect is more com-
plex. In the first place there is the major and charac-
teristic deficiency of the septum peculiar to the
atrioventricular malformation. In the second, the
aorta exhibits the biventricular origin character-
istic of tetralogy.

For surgical correction, therefore, one step is to
enlarge the ventricular septum while the other is to
close the communication of the right ventricle with
the aorta.
We became aware of this problem when examina-

tion of a case at necropsy showed a residual ven-
tricular septal defect, whereas the surgeon felt that
it had been closed completely (Fig. ii).
The differences between an uncomplicated ven-

tricular septal defect, that of tetralogy of Fallot, and
that of tetralogy of Fallot with the complete type
of persistent common atrioventricular canal, are
diagrammatically represented in Fig. I2.
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FIG. I2 Portrayal of relation of aorta t
tricular septum in several conditions. a) Th
of Fallot; the aorta arises from both ventr
the ventricular septal defect. b) Isolated
septal defect; aorta is positioned more ov

ventricle than in the tetralogy of Fallot. c)
common atrioventricular canal; the aorta 4
both ventricles above a large defect whic
pounded of the deficiency of the ventricu
characteristic of persistent common atria
canal and that of the tetralogy of Fallot. e

of the ventricular septal defect in tetralog)
involves a diagonally placed patch which
closes communication between the right vei

the aorta. bl) In isolated ventricular sept
direct closure of the ventricular septal def
accomplished. c1) In persistent common atr
lar canal associated with tetralogy of I
deficiency of the septun which is part o
sistent common atrioventricular canal
repaired, but the closure of the defect wh
of the tetralogy of Fallot involves the diago;
ofpatch as in a1) to obstruct the communicati
the right ventricle and the aorta.

It is necessary to point out certain c

abnormalities that are present with atrioi
malformations and others that follow rig]
ulotomy. Malformations of the atrioi
canal are associated with left axis devia
exact mechanism of the left axis deviat
known. It has been suggested that the ]

probably due to a pronounced deficien
ventricular septum resulting in abnorma
direction of depolarization (Goor, Lill
Edwards, I968). It could be due, howl
block of the anterior division of the It

(Liebman and Nadas, 197I). Vertical ventriculo-
tomy has been shown to result in complete right
bundle-branch block in I00 per cent of cases
(Gelband et al., I97i). The right bundle-branch
block following vertical ventriculotomy is probably
a block at a more peripheral level since the right

c bundle is not near the ventriculotomy. Such a block,
therefore, may not have the same significance as a
block occurring at a proximal level (Gelband et al.,
I97I). The presence of left axis deviation with right
bundle-branch block, nevertheless, suggests that 2
of the 3 fasciculi may be blocked. This leaves only
the posterior division of the left bundle intact for
conduction of sinus beats to the ventricle. Findings
of Moss, Klyman, and Emmanouilides (1972) sug-
gest that some patients with left axis deviation and

the ven nright bundle-branch block later develop complete
heart block. The conduction abnormalities, there-

te tetralogy fore, should be viewed with concern, and the
idcles above patients followed closely for indefinite periods afterventricular operation.er the left
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Addendum
Since completion of this manuscript, we have observed
an additional case in which tetralogy of Fallot was asso-

ciated with certain features of the persistent common
atrioventricular malformation. This case is summarized
below.
The clinical diagnosis in this 8-year-old boy was

tetralogy of Fallot. There were no features of Down's
syndrome. The electrocardiogram showed a mean frontal
plane QRS axis of a + 1700, with a clockwise frontal
plane loop and right ventricular hypertrophy. The
thoracic radiograph was typical for the tetralogy. The
patient died three days after complete correction of
tetralogy of Fallot.
At necropsy, the heart showed classical features of

tetralogy of Fallot in addition to certain features of per-
sistent common atrioventricular canal. The latter took
the following forms. While the atrial septum was intact,
there were discontinuous clefts within the anterior mitral
and septal tricuspid leaflets. The latter two valves were
continuous through the ventricular septal defect. The
anterior mitral leaflet was attached to the ventricular
septum by short chordae resulting in subaortic stenosis.

Comments
The findings of this case further illustrate that a wide
spectrum of atrioventricular canal defects may be asso-
ciated with tetralogy of Fallot.
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