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Abstract
Background-Most non-chromosomal
congenital heart defects are thought to
be caused by the interaction of genetic
factors involving multiple genes and
environmental factors. Families that
have several affected members have been
reported, however, which suggests that a

single autosomal dominant or recessive
gene may cause the cardiac defects. A
family in which atrioventricular septal
defect seemed to be a single gene dis-
order is reported.
Observations-A family in which the
mother and her two daughters from dif-
ferent fathers had atrioventricular septal
defect not associated with trisomy 21 is
reported.
Conclusions-This family raises the
possibility that cytoplasmic or mitochon-
drial inheritance may be involved in the
causation of atrioventricular septal
defects. The available data from pedi-
grees from other cases of familial atrio-
ventricular septal defect do not support
this genetic mechanism, but suggest that

there is a subgroup without trisomy 21
that has a single gene disorder.

(Br Heart 1994;71:79-81)

Most congenital heart defects occur as iso-
lated malformations, not associated with
chromosomal disorders or malformation syn-

dromes. Multifactorial inheritance has gener-

ally been accepted as the genetic mechanism
causing these isolated malformations. In this
model, multiple genes interact with environ-
mental factors to cause the defect in the car-

diac phenotype. Environmental factors might
include exogenous medications, chemicals, or

intrinsic factors such as blood flow through
the embryonic heart and the mechanical
effects of muscle contraction. Typically risk
of recurrence for this type of inheritance is
low, usually less than 5%.1 Occasional fami-
lies stand out, however, with much higher
recurrence and have been the subject of many
reports. Their pedigrees have suggested an

autosomal dominant or recessive pattern of
inheritance. Recently, sex influenced or

maternal factors have been found to affect the
risk of recurrence in congenital heart disease.2
We report a family in which the mother

and her two children, with different fathers,
had an atrioventricular septal defect not
associated with trisomy 21. We review other
reported familial cases of anomalies within
the spectrum of endocardial cushion defect
without trisomy 21 to try to identify a sub-
group with a monogenic trait.

Patients and methods
The figure shows the pedigree. The mother
was diagnosed to have congenital heart dis-
ease at eight years of age. The defect was sur-

gically repaired at another institution when
she was 12. She presented to our institution
when she was 17 and was diagnosed by selec-
tive cineangiography to have a "gooseneck
deformity" of the left ventricular outflow tract
and mitral regurgitation secondary to a resid-
ual cleft in the mitral valve. An electrocardio-
gram and vectorcardiogram showed a frontal
plane QRS axis of - 400 and a counterclock-
wise QRS vector loop. The findings were

compatible with her anatomical diagnosis of
primum atrial septal defect. She remained
hemodynamically compensated and subse-
quently had three pregnancies resulting in
two live births and a spontaneous abortion.
The first daughter was diagnosed to have

congestive heart failure at three months of
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Summary of reported pedigrees with atnioventricular septal defects

Affected Affected
Reference individuals (n) generations (n) Mode of transmission

Our pedigree 3 2 Mother to daughters from different
fathers

O'Nuallain et al5 6 3 Transmission from mother and
father*

Cousineau et a16 12 4 Pedigree not
providedt

Emanuel et al' 2 2 Mother to offspring
2 2 Mother to offspring

Marino and Corno8 2 2 Father to daughter
2 2 Father to son

Tennant et al9 3 2 Father to offspring
Nora'0 4 1 All affected were siblingst
Yao et all' 4 1 All affected were siblings
Disegni et al "2 2 1 All affected were siblings

3 1 All affected were siblings

*One family member had "canal" ventricular septal defect.
tAnatomical details not provided; includes some cases with isolated cleft mitral valve.
tTwo other siblings had isolated left axis deviation.

age. An electrocardiogram and vectorcardio-
gram showed a frontal plane QRS axis of
- 450 and a counterclockwise QRS vector
loop. An echocardiogram showed a complete
atrioventricular septal defect. Cardiac
catheterisation and selective cineangiocardio-
graphy at six months confirmed the presence

of an atrioventricular septal defect, with a

large atrial and a small ventricular compo-

nent. The defect was surgically repaired at
eight months, with confirmation of the ana-

tomical diagnosis. Subsequently, she under-
went mitral valve replacement twice, firstly
for residual severe mitral regurgitation and
secondly for stenosis of the prosthetic valve.
She is now 8 5 years old and is doing well
since the last operation at three years of age.
The second daughter, from a different

father, was diagnosed to have a similar heart
defect when five days old. An electrocardio-
gram and vectorcardiogram showed a frontal
plane QRS axis of - 90°, and a counterclock-
wise QRS vector loop. An echocardiogram
showed complete atrioventricular septal
defect with small ventricular and large atrial
septal defects. Subsequent cardiac catheteri-
sation with selective cineangiocardiography
and direct inspection at surgery confirmed
the anatomical defect. She is now 6-5 years
old and is doing well since the surgical repair
at six months. A chromosomal study was

normal.
None of these patients had features sugges-

tive of Down's syndrome. There was no his-
tory of Down's syndrome in any of the
members of the extended family. There was

no history of congenital heart disease in any
other members of the extended family
although they were not specifically examined
for it.

Discussion
Atrioventricular septal defects comprise a

spectrum of anatomical defects including
complete atrioventricular canal, primum
atrial septal defect, and, rarely, a "canal type"
inlet ventricular septal defect associated with
a tri-leaflet left atrioventricular valve.3
Genetically, such defects can be associated

with trisomy 21 or other chromosomal
defects. Although partial forms of atrioven-
tricular septal defect are more common when
the chromosomes are normal,4 embryologi-
cally and pathologically these groups are simi-
lar. Most cases of atrioventricular septal
defect are non-familial including those not
associated with trisomy 21. The family
reported here is consistent with an autosomal
dominant type of inheritance with maternal
transmission. As the pedigree is small, other
modes such as multifactorial or cytoplasmic
(mitochondrial) inheritance cannot be ruled
out. A three generation family with atrio-
ventricular septal defect without Down's
syndrome with paternal and maternal trans-
mission to offspring has been previously
reported and was more typical of an autoso-
mal dominant trait.5 Reference is made to a
family with atrioventricular septal defect, with
12 affected relatives in four generations but
the pedigree is not provided.6 Smaller families
with vertical transmission have been
described and referred to by others (table).7
Several affected siblings in one family have
also been reported,10-12 which is suggestive of
autosomal recessive inheritance. As an iso-
lated cleft in the anterior mitral valve leaflet is
not usually indicative of an atrioventricular
septal defect,3 two reported families have
been excluded from the list in the table.12 In
these families, after excluding the cases with
an isolated cleft in the mitral valve, recur-
rence of an atrioventricular septal defect was
not evident. As most pedigrees are small and
severity of the cardiac disease affects survival
and reproductive capacity, a convincing pat-
tern of inheritance may be absent. This may
be the reason why in our review, we found so
few pedigrees with atrioventricular septal
defect occurring in three generations or more.
These pedigrees indicate a monogenic sub-
group of atrioventricular septal defects, not
associated with trisomy 21. The locus of the
gene involved has not been identified, but no
linkage has been found to chromosome 21.6
Further linkage analysis done on large pedi-
grees could show the locus of the gene.

In the past, the occurrence of most familial
cases of congenital heart defects has been
explained by a multifactorial (polygenic)
threshold model. These particular families
were thought to have a higher genetic burden
and thereby could reach the threshold more
frequently than the families with isolated
cases.10 Although multiple genes for risk
cannot be disproved, families like those
summarised in the table raise the possibility
of a single gene defect. In the polygenic
model the risk of recurrence in a sibling or
offspring of an affected person should be the
same and is about equal to the square root of
the incidence of the defect in the population.
Sanchez-Cascos calculated the risk in first
degree relatives to be 1 8% based on an inci-
dence in the population of atrioventricular
septal defect of 0'036%, but actual recur-
rence in that series was 8-7%."3 Based on the
available data Nora and Nora suggested a risk
of recurrence in siblings of patients with

80

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.71.1.79 on 1 January 1994. D
ow

nloaded from
 

http://heart.bmj.com/


Familial atrioventricular septal defect: possible genetic mechanisms

atrioventricular septal defect to be 2-9%,
rather close to the theoretical risk of recur-
rence. The risk was much higher for the off-
spring if the mother had an atrioventricular
septal defect (14%) than if the father had the
same defect (1%).' In the polygenic model, a
higher recurrence is expected in relatives of
the less frequently affected sex. The sex ratio
for atrioventricular septal defect is 1 1 males:
1 female, but the ratio is not high enough to
explain the noticeable maternal effect. This
led to the suggestion that mitochondrial or
cytoplasmic inheritance may be involved in
congenital heart disease including atrioven-
tricular septal defect.2

In cytoplasmic inheritance the mother
transmits the mitochondrial DNA to the off-
spring in addition to the nuclear DNA.
Therefore, if the defect involves mito-
chondrial DNA, the mother may transmit
abnormal mitochondria (as well as normal
mitochondria) to all or most of her offspring,
whereas the father does not. In the case of
atrioventricular septal defect, only one study
has shown the importance of maternal effect
in its recurrence.7 In this study, 19 mothers
with an endocardial cushion defect gave birth
to 36 infants (sex not specified), five of whom
had a congenital heart defect. Two of these
infants (one male and one female) had an
atrioventricular septal defect, whereas none of
the 16 infants had an atrioventricular septal
defect when the father was. affected. Marino
and Corno studied 172 patients with atrio-
ventricular septal defects. Only two of these
had a parent with the same lesion and both
were fathers.8 Taking together the other fami-
lies with paternal transmission,59 the theory
of mitochondrial inheritance for most familial
cases of atrioventricular septal defect
becomes unlikely. In our review of familial
cases of atrioventricular septal defect, we did
not encounter any family of three or two gen-
erations that was strongly suggestive of a
mitochondrial inheritance pattern. This
would consist of several affected female and
male siblings in which only the affected
females and not affected males would trans-
mit to the next generation. Families like the
one in our report are consistent with this

inheritance but not strongly suggestive of it.
Moreover the human mitochondrial genome
and many of its disease producing mutations
have been characterised and sequenced.
Mitochondrial DNA has been shown to code
for 13 different enzymes of the oxidative
phosphorylation system. The clinical pheno-
type of known defects has involved pro-
gressive multisystem degeneration. Leber's
hereditary optic neuropathy), rather than hav-
ing caused congenital malformations.'4

In conclusion, the genetic cause of atrio-
ventricular septal defect seems to be hetero-
geneous. Those cases not associated with
trisomy 21 are mostly polygenic, but a small
proportion of cases suggest a single gene
defect. Based on analysis of pedigrees and
reported familial cases, there is no strong evi-
dence for cytoplasmic inheritance in familial
atrioventricular septal defect.
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