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Genetics and congenital heart disease1

Richard Emanuel
From The National Heart Hospital, the Institute of Cardiology, and the Cardiac Department,
Middlesex Hospital, London W.I

In isolated congenital heart disease genetic factors have been shown from family studies, individual
pedigree analyses, the frequency of consanguinity, examination of data from twins, and possibly
from cytogenetics. In defects of the atrial septum, where data are most complete, genetic factors
appear to be important, particularly in secundum atrial septal defect.

In the syndromes with abnormal chromosomes in which congenital heart disease is common, the
cardiovascular abnormality is probably directly associated with the abnormal genetic material
present.

In hereditary disorders with normal chromosomes in which congenital heart disease features,
the pattern of inheritance suggests transmission by a single gene or group of genes. The cardiovas-
cular abnormality is genetically determined, though it may not become apparent until many years
after birth.

Cardiology and genetics have developed in-
dependently and both have become import-
ant branches of medical science during the
past 25 years. Until recently, there has been
little interchange of ideas between these two
disciplines, and few interested in cardiology,
with the exception of Maurice Campbell in
this country and Victor McKusick in the
United States, have ventured into the field of
genetics. It was this that prompted the choice
of the title Genetics and Congenital Heart
Disease for the St. Cyres Lecture of I968.
An interplay of genetic and environmental

factors accounts for most diseases, including
congenital heart disease. The contribution of
these factors may at times be easily deter-
mined, as in pneumoconiosis, where environ-
ment is important, or in haemophilia, which
is genetically determined. In most types of
congenital heart disease, genetic influences
cannot be quantitated, but examination of the
experimental and clinical data has contributed
to an understanding of their importance in
man.
The study of human genetics is difficult,

as man is not prolific in comparison with
many animals, and it takes him I5-20 years
to complete a generation. An initial survey
has therefore been made of experimental
and domestic animals where reproduction is
relatively rapid and selective breeding is
possible.
I The St. Cyres lecture delivered at the Royal College
of Physicians, London, 5 December I968.

Genetics and congenital heart disease,
in animals
In animals, information on congenital heart
disease is scarce, but two facts suggest that
genetic factors may be important. The first
is that congenital heart disease is commoner
in pure-bred strains than in animals derived
from mixed breeding. The second is that in
certain breeds and species particular types
predominate (Detweiler, I964; Patterson,
I965). For instance, in the dog, Patterson
(I965, I968) has shown that pulmonary valve
stenosis is most commonly seen in the chi-
huahua, bulldog, fox-terrier, and beagle;
subvalve aortic stenosis is found in the
Alsatian and boxer, and persistent ductus
arteriosus appears in the poodle, collie, and
Pomeranian, but the possible influence of
environmental factors in the latter has not
yet been excluded (Patterson and Detweiler,
I967). In the pig there appears to be an
unusual frequency of subvalve aortic stenosis
and atrioventricular defect (Emsb6, I955;
Nie, I963).
There are few experiments on selective

breeding in animals with congenital heart
disease. In Siller's (1958) necropsy study of
613 Brown Leghorns, he examined fowls
from 6 inbred strains and showed a high inci-
dence of ventricular septal defect in 3 (84-2,
49.5, and 314%) and a significantly lower
incidence in the remaining 3 (5-9, 5'0(, and
3-6%). Fox (I967) obtained similar results
in the rat (Long-Evans); keeping 2 inbred
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substrains under identical laboratory condi-
tions, she found 25% of the Olson-Goss strain
had a membranous ventricular septal defect,
while only 4% of the Californian strain were
affected.
The available experimental data from

animals do little more than suggest that
genetic factors may have an influence on
the development of congenital heart disease
in some species. There is no information on
primates, and nothing to suggest that the
evidence from lower animals is directly
applicable to man.

Genetics and congenital heart disease
in man
Clinical material can be divided into 3 groups
for the study of genetic factors in man:
group I, isolated congenital heart disease;
group II, syndromes with abnormal chromo-
somes, not necessarily hereditary, in which
congenital heart disease is common but is only
one of the many abnormalities present;
group III, hereditary disorders with normal
chromosomes in which congenital heart dis-
ease is common but is only one of the ab-
normalities present.

Information on the importance of genetic
influences can be derived from the study of
familial incidence, individual pedigree analy-
sis, the frequency of consanguinity, twin
involvement, and cytogenetics. Not all these
forms of analysis are applicable to each clini-
cal group, and in many instances, though
the mode of analysis is applicable, data
have not yet been collected.

Group I: Isolated congenital heart
disease
(a) Familial incidence The frequency of
congenital heart disease in Western Europe
and the United States is now accepted as
between 5 and 7 per I,ooo live births (Carl-
gren, I959; McKeown and Record, I960;
Mustacchi, Sherins, and Miller, I963; Smith-
ells, I968) and 8-3 per i,ooo if stillbirths are
included (Richards et al., I955). It is not
uncommon for several members of a family
to be affected, and those that are, frequently
have the same, or closely related, anatomical
defects (McKeown, MacMahon, and Par-
sons, 1953; Howitt, I96I; Burman, I96I;
Pitt, I962; Christensen and Nelson, I963).
Many affected families have been reported,
and when Gansslen, Lambrecht, and Werner
reviewed the subject in I940 they were able
to cite 68 examples. A typical family, person-
ally studied, is shown in Fig. i in which 3
of the 5 sibs had Fallot's tetralogy. Over the
years these findings have given rise to specula-

Age 20

Hb 157%

d
. 1 .

19 1 B 15 10

95%

Fallot's Tetralogy

120%

0 Normal

FIG I Fallot's tetralogy occurring in 3 of
5 sibs. The haemoglobulin levels indicate the
clinical severity.

tion on the inheritance of isolated congenital
heart disease, and all simple modes of trans-
mission, except sex-linked inheritance, have
been postulated.

Systematic family studies over the past i5
years have shown that there is no single or
simple mode of inheritance in the majority
of types of isolated congenital heart disease.
Campbell and Polani's studies showed that,
in Fallot's tetralogy, persistent ductus arterio-
sus, secundum atrial septal defect, pulmonary
venous stenosis, and ventricular septal defect,
if one child was affected the other sibs were
at increased risk, but that generally there
was no increased frequency of congenital
heart disease in either the parents or the
children of the index cases. In contrast they
found that in secundum atrial septal defect
the parents as well as the sibs had an in-
creased frequency of congenital heart dis-
ease, and in coarctation of the aorta not even
the sibs of the index cases were at increased
risk (Polani and Campbell, I955, I960;
Campbell and Polani, i96ia, b; Campbell,
I962; Campbell and Goodwin, I965). This
information was collected by questionary,
without examination of relatives, and it is
therefore likely that the frequency of con-
genital heart disease reported is too low.

Recent family studies designed to examine
all first degree relatives have shown somewhat
different results. In aortic stenosis, secundum
atrial septal defect, atrioventricular defect,
and transposition, the sibs were at increased
risk as in the earlier studies, but in secundum
atrial septal defect and atrioventricular
defect, the parents, and in atrioventricular
defect and persistent ductus, the children,
were also at increased risk (Zoethout,
Bonham Carter, and Carter, I964; Nora
et al., I967b; Emanuel et al., i968; Fuhrmann,
I968b; Wilkins, i969).
The detailed family studies now available
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in secundum atrial septal defect (Nora et al.,
I967b) and atrioventricular defect (Emanuel
et al., I968) make it possible to compare the
relative importance of genetic factors in these
two lesions. In secundum atrial septal defect,
more first degree relatives were affected,
the familial incidence was higher, and more
of the affected first degree relatives had a
lesion identical to the index case than in
atrioventricular defect (Table i). Using
Falconer's (I965) method of analysis these
data can be expressed in terms of heritability,
which also show that genetic factors are
more important in secundum atrial septal
defect, where the heritability is 70% com-
pared with 45% in atrioventricular defect
(Table i).

Information from these family studies has
provided data that are useful for genetic
counselling. The risk of congenital heart dis-
ease in the general population is between
o05 and 0o7 per ioo live births. Considering
congenital heart disease as a whole, if there
is already i affected child in the family the
risk to subsequent children increases to
2-4%, and if there are 2 affected sibs the
risk is even higher at 5-8% (Fuhrmann,
I968a; Polani, I968), but in lesions such as
secundum atrial septal defect and atrioventri-
cular defect, the risk is likely to be higher
still (Emanuel et al., I968).

(b) Individual pedigree analysis Study
of an individual pedigree is rarely helpful
in isolated congenital heart disease, as it is un-
common for this type of defect to be trans-
mitted as a simple dominant or recessive, but
there appear to be at least 3 exceptions. One
is hypertrophic cardiomyopathy with or with-
out obstruction (Teare, I958; Goodwin et al.,
I960; Frank and Braunwald, i968), in about
one-third of which the defect is familial and
transmitted as an autosomal dominant, as was
well shown in the family reported by Holl-
man and colleagues (I960). Another form of
defect inherited as an autosomal dominant is
the rare type of supravalve aortic stenosis
without evidence of hypercalcaemia. These
children are mentally normal with normal
facies, and the subject has been reviewed by
Merritt et al. (I963) and Logan et al. (I965).
Finally, there is the rare family in which a
secundum atrial septal defect appears to be
transmitted as an autosomal dominant with
variable penetrance. The most quoted exam-
ple is perhaps that of Zuckerman et al. (I962)
in which there were 9 cases in 4 generations.

TABLE I Relative importance of genetic
factors in atrioventricular defect and secundum
atrial septal defect (Emanuel et al., I968;
Nora et al., I967b)

Familial incidence Identical cardiac Heritabilityt
of congenital defects in propositi
heart disease and first degree

relatives

Defect (92*) 20% I in 8 45%
Secundum atrial

septal defect (I00*) 32% I5 in 17 70%

* Number of families studied.
t Falconer (I965).

carrying one such gene (heterozygote) will
be clinically normal, but an individual with
two recessive genes (homozygote) will be
affected. If, therefore, an abnormal recessive
gene is present in a family, intermarriage may
produce individuals carrying two such genes,
who will be clinically abnormal. Hence, a
malformation associated with a high inci-
dence of consanguinity suggests transmission
by a recessive gene. The frequency of first-
cousin marriages in congenital heart disease
has been studied and the data from three
European countries are in general agreement
(Campbell, I965). Campbell's figures are
given in Table 2, and to them has been added
information on atrioventricular defect (Eman-
uel et al., I968) and congenital aortic stenosis
(Zoethout et al., I964). The data suggest
that a recessive gene may be a factor in
situs inversus, secundum atrial septal defect,
persistent ductus, and ventricular septal
defect, and possibly also in pulmonary valve
stenosis and Fallot's tetralogy. American

TABLE 2 Consanguinity of parents in
congenital heart disease (Campbell, I965)
(Normal mean o 4-o.5)*

No. of first cousin
marriages in parents
of propositi

Situs inversus 5.3
Atrial septal defect I-9
Persistent ductus arteriosus I-6
Ventricular septal defect I-2**... **... . . . . . . . . . **.. . . . . . . . . . . . . **.. . . . . . . . .

Pulmonary valve stenosis o0g
Fallot's tetralogy o-8
Coarctation 0
Atrioventricular defect o
Aortic stenosis 0

(c) Consanguinity When a malformation * National average of first cousin marriages accepted
is caused by a recessive gene, an individual as between 0-4 and o 5% (Bell, I940; Roberts, 1955).

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.32.3.281 on 1 M
ay 1970. D

ow
nloaded from

 

http://heart.bmj.com/


284 Richard Emanuel

work has not confirmed these findings, but
this could be due to legislation against first-
cousin marriages in certain States (Fuhrmann,
I968a).

(d) Twin studies Identical twins (mono-
zygotic) derived from one ovum have a far
greater genetic similarity than dissimilar
twins (dizygotic) that are derived from two
ova. If, therefore, genetic factors are important
in a disease, it should occur in both members
of identical twins more frequently than in
both members of dissimilar twins. It is
because of this that geneticists study twins
when trying to determine the relative im-
portance of genetic and environmental fac-
tors. Pitfalls in this work have been considered
by the World Health Organization in i966
and also by Harvald and Hauge (I965).
Once again, the data on isolated congenital

heart disease are scant, and great care has to
be taken not only in the mode of selection
of the twins but also in the validity of the
evidence on which their zygosity is based.
Nora et al. (I967a) have reviewed the pub-
lished work and found I0 acceptable studies
(Table 3). They showed that congenital
heart disease was present in both members of
monozygotic twins much more frequently
than in both members of dizygotic twins,
which is further evidence for the presence of
genetic factors.

(e) Cytogenetics In i963, Sasaki, Makino,
and Kajii from Tokyo reported autosomal
abnormalities in 9 out of 22 patients with
congenital heart disease. Six of these had an
atrial septal defect, which was uncomplicated
in 4, but associated with additional cardiac
defects in 2. The type of atrial septal defect
was only specified in 3 cases, where it was a
secundum lesion.

This work prompted us at the National
Heart Hospital and Institute of Cardiology
to make a systematic study of cytogenetics
in isolated congenital heart disease. We
examined 250 cases which included 32 with
secundum atrial septal defect and 22 with
atrioventricular defects. No major chromo-
some abnormality was found, but in 6
patients distinct autosomal variants occurred.
In 4 of the cases the variant was in autosome
i6, which is the most pleomorphic of all
autosomes. In 3 cases the cardiac defect
was an atrioventricular defect and in 3 co-
arctation of the aorta, both lesions occurring
together in one case (Table 4) (Anders,
Moores, and Emanuel, I965; Moores, Anders,
and Emanuel, I966). We studied the families
of these 6 index cases and showed, in each

TABLE 3 Frequency of congenital heart
disease in randomly selected twins

Totals Discordant Concordant Per cent
pairs pairs concordant

Monozygotic 88 65 23 26
Dizygotic 104 97 7 6.7

Dogramaci and Green (1947); McAleese (I952); Holman, Gerbode, and Purdy
(I953); Anderson (I954); Lamy, de Grouchy, and Schweisguth (I957); Uchida
and Rowe (I957); Ross (I959); Campbell (I96I); Fuhrmann (I962); Nora et al.
(i967a)

instance, that the chromosome variants were
an inherited characteristic but independent
of congenital heart disease, which suggested
they played no part in the aetiology of con-
genital cardiac defects (Fig. 2 and 3). This
view was supported by the findings of Court
Brown, Jacobs, and Brunton (I965), which
showed a frequency for similar variants in
the general population of i in 44 (I020 cases
studied). This figure was comparable to
ours in isolated congenital heart disease of i
in 42 (250 cases studied). German, Ehlers,
and Engle (I966), however, reported similar
autosomal variants in 4 out of 35 cases of
familial cardiac defects, a frequency of i in
9. They thought this higher figure could be
significant, but further work is needed to
elucidate the point.
The importance of genetic factors in most

types of isolated congenital heart disease has
been shown from family studies and from
individual pedigree analysis in certain cardio-
myopathies, supravalve aortic stenosis with-
out hypercalcaemia, and in the occasional
family with secundum atrial septal defect.
The presence of a recessive gene has been
suggested by an increased frequency of
first-cousin marriages in situs inversus,
secundum atrial septal defect, persistent

TABLE 4 Six patients with autosomal
variants in 250 cases of congenital heart disease

Patient Autosomal Cardiac lesion
variant

A.T. Long i6 AV defect+ pulmonary
valve stenosis

J.M. Short I6 AV defect + coarctation
M.W. Short i6 AV defect
E.B. Long 9 Coarctation
S.L. Unusual IS Coarctation
Y.S. Long i6 Persistent ductus arteriosus

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.32.3.281 on 1 M
ay 1970. D

ow
nloaded from

 

http://heart.bmj.com/


Genetics and congenital heart disease 285

ductus arteriosus, and ventricular septal
defect. Twin studies provide further evi-
dence for genetic factors. Finally, the signi-
ficance of autosomal variants in familial
congenital heart disease remains to be assessed.

Group II: Syndromes with abnormal
chromosomes in which congenital
heart disease is common but is only
one of many abnormalities present

Gross physical and mental abnormalities
occur in these syndromes, so that many of
those affected die young or need life-long
institutional care. The associated cardiac
defect may be a relatively unimportant part
of the whole clinical picture. In this group
there are 4 syndromes of interest to the
cardiologist. They differ one from another
and each has a defined pattern of cardiovas-
cular abnormalities (Table 5).

(a) Down's syndrome (trisomy 2i) The
frequency of congenital heart disease in this
condition differs according to the material
studied and the diagnostic criteria used. It
varies from 40% in a prospective clinical
study (Rowe and Uchida, I96I; Rowe, I962)
tO 56% in a necropsy series (Berg, Crome,
and France, I960). The frequency of atrio-
ventricular defect and ventricular septal
defect is agreed by most authors. Each of
these lesions accounts for about one-third
of the cases of congenital heart disease in
Down's syndrome (Berg et al., I960; Rowe
and Uchida, I96I; Polani, I968). The fre-
quency of atrioventricular defect in this
syndrome is in sharp contrast with its fre-
quency in congenital heart disease as a
whole, where it accounts for about i% of
all cardiac defects (Watson, I968). The asso-
ciation between Down's syndrome and atrio-
ventricular defect remains unexplained.

(b) and (c) Patau's syndrome (trisomy
13) and Edwards's syndrome (trisomy I8)
In these rare syndromes, congenital heart
disease is usual, but owing to gross develop-
mental abnormalities it is rare for those
affected to survive infancy (Weber et al.,
I964). Cardiac defects may be multiple,
ventricular septal defect, persistent ductus
arteriosus, dextrocardia, and secundum atrial
septal defect predominating in Patau's syn-
drome, but in Edwards's syndrome ventricular
septal defect, persistent ductus and pulmon-
ary valve stenosis are common, while
dextrocardia is exceptional (Warkany, Pas-
sarge, and Smith, I966; Polani, I968).

1s<, 2(2
I I

III 2i2 3(. 4

* Long 16 ; Propositus ® Normal karyotype

& Dead not examined
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIG. 2 Pedigree of A.T.: I.I died at 47
years from heart disease of unknown aetio-
logy. III.I and III.2 were not examined
clinically. The propositus had an atrioventri-
cular defect and pulmonary valve stenosis,
in addition to a long autosome I6. A similar
chromosome variant was seen in his 3 sibs
and 3 of the 6 members of the next generation,
all of whom had normal hearts.

(d) Turner's syndrome (monosomy X)
In classical Turner's syndrome with mono-
somy X, congenital heart disease occurs in
20% of cases. The predominant lesions are
congenital aortic valve stenosis and coarcta-
tion of the aorta, which may occur singly or
together. Pulmonary valve stenosis is rare
(Polani, Hunter, and Lennox, I954; Polani,
I968).
This syndrome is by no means a single

entity but includes many clinical and cyto-

FIG. 3 Pedigree of S.L. The propositus and
3 other members of the family had an abnormal
autosome IS (long short arms). The propositus,
who had coarctation of the aorta, was the
only member of the family known to have
congenital heart disease.
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genetic variants (Polani, I962; Lancet, I965).
One of the better defined is the Turner-
Ullrich syndrome, a condition clinically
indistinguishable from Turner's syndrome
but with normal chromosomes. Here, how-
ever, pulmonary valve stenosis and congenital
abnormalities of the pulmonary arteries are
relatively common, accounting for approxi-
mately one-third of all the congenital heart
disease (Vernant et al., I966; Migeon and
Whitehouse, I967; Polani, I968).

Fig. 4 illustrates some of the variants. The
girl with Turner's syndrome had monosomy
X and both congenital aortic valve stenosis
and coarctation of the aorta, proved at opera-
tion. Unusual features were normal stature,
normal intelligence, normal development of
the breasts, and normal menstruation. The
other girl was an example of the Turner-
Ullrich syndrome. She had all the clinical
stigmata of Turner's syndrome including
mental retardation, but the chromosomes
were normal and she had pulmonary atresia,
proved at thoracotomy.
At present we can only speculate on the

role of abnormal chromosomes in congenital
heart disease, but it seems reasonable to
postulate that, when extra genetic material
is present, as in the trisomic syndromes, it
becomes genetically active at a precisely

FIG. 4 An example of Turner's syndrome
and Ullrich's syndrome (see text). Thefigures
for the different types of congenital heart
disease seen in each syndrome have been
collected from various authors.

TURNER ULLRICH

CHROMOSOMES
XO

COARCTATION |
AORTIC STENOSIS

P. S. to

SEPTAL DEFECTS 15%s

COARCTATIO tN33,
AORTIC STENOSISj

P.S. 309,

SEPTAL DEFECTS 31-

TABLE 5 Syndromes with abnormal
chromosomes and congenital heart disease

Syndrome Frequency of Type of congenital heart disease
congenital
heart disease
(%)

Down's
(trisomy 2I) 40-56 AV defect; ventricular septal

defect
Patau's

(trisomy 13) 80-go Ventricular septal defect +
persistent ductus arteriosus

Edwards's
(trisomy i8) Over 97 , . , . ,

Turner's
(monosomy X) 20 Coarctation; aortic stenosis

defined time during foetal development. In
the case of Down's syndrome this appears to
be when the atrial septum and upper part of
the ventricular septum are developing, hence
the predominance of atrioventricular and
ventricular septal defects.

Similarly, in the classical Turner's syn-
drome with monosomy X, the common
cardiological defects are congenital aortic
stenosis and coarctation of the aorta. It is
tempting to associate the frequency of these
male lesions in the phenotypically female
Turner with the absent X chromosome.

Group m: Hereditary disorders with
normal chromosomes in which con-
genital heart disease is common but is
only one of the many abnormalities
present
There are now more than 30 syndromes with
cardiovascular abnormalities included in
this group (McKusick, I964). All are rare,
and they include Marfan's syndrome, haemo-
chromatosis, Friedreich's ataxia, dystrophia
myotonica, glycogen storage disease, and the
Elms-van Creveld syndrome. Study of indi-
vidual pedigrees shows a dominant or reces-
sive pattem of inheritance, which suggests
that an abnormal gene or group of genes is
responsible.
To complete this review of genetic factors

in congenital heart disease, two further exam-
ples from this group are included, the first a
family with the Holt-Oram syndrome and
the second a family with Hunter's syndrome -
the sex-linked recessive form of gargoylism.

In i960 Holt and Oram reported a family
in which skeletal deformities of the upper
limbs, atrial septal defect, and bizarre arrhyth-
mias occurred in 4 generations. These ab-
normalities were inherited as an autosomal

.i

K I
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II

d 34

I
III kd 2 + 25 &23

IV hI

ONormal 1Upper limb defect only
*Septal defects & *Hart defect only
Upper limb defects type unknown

a

FIG. 5 (5a) Pedigree of the Holt-Oram
family with 6 affected members in 4 genera-
tions. In generation I, a man who died at the
age of 34 years was known to have a cardiac
murmur. In generation II there was a woman
(Fig. Sb) with absent humeri and vestigial
upper limbs, whose heart appeared normal.
In generation III, 3 of 4 sibs were affected.
Thefirst, a boy, who died at I8 months, had
abnormal limbs, and no information was avail-
able about his heart. The second (Sc), a woman
of 25 years, had a large secundum atrial septal
defect measuring 6 x 6 cm. at operation; she
also had a digitalized left thumb, with a long
metacarpal and an extra phalanx, in addition
to an abnormal head to the right radius. The
third, a man of I9 years, had Eisenmenger's
syndrome andabnormal thumbs fused with the
first fingers. In generation IV, there was a
6-year-old boy with a small ventricular septal
defect whose little finger was slightly abnormal.

b c

domiant. Similr examples have been re-
ported during the past 8 years (Kuhn,
Schaaf, and Wagner, I963; Pruzanski, I964;
Emerit et al., I965; Holmes, I965; Lewis
et al., I965; Massumi and Nutter, I966;
Gall et al., I966; Starke, Schimke, and Dunn,
I967). In the family personally studied there
were 6 affected members in 4 generations
(Fig. 5).

The association between upper limb de-
formities and congenital heart disease is
not uncommon, but it is rare to find congeni-
tal heart disease with lower limb abnormalities.
A possible explanation is that the heart and
upper limbs develop simultaneously and a
teratogen affecting the foetus at that time could
cause developmental abnormalities in both.
The lower limbs develop later and may there-
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fore escape the earlier genetic influences
(Woollam, I962).

Other points of genetic and cardiological
interest arising from the Holt-Oram syn-
drome are whether the rare family with an
isolated secundum atrial septal defect in-
herited as an autosomal dominant, and the
familial cases of secundum atrial septal defect
in which there are conduction defects and
unusual electrocardiograms, could be formes
frustes of the syndrome. We have studied one
such family, but no defect of the upper limbs
was found on either clinical or radiological
examination.
The second example is gargoylism, a syn-

drome that 50 years ago was no more than a
clinical curiosity and is now a well-understood
clinical, biochemical, and genetic entity. In
1917, Hunter described 2 brothers affected
with dwarfism, hepato-splenomegaly, skele-
tal deformities, coarse facial features, and
mental retardation. In I920 Hurler reported
several unrelated children with similar clini-
cal features who also had corneal opacities,
and subsequently Ellis, Sheldon, and Capon
(I936) called them 'gargoyles' to describe
their grotesque appearance. The modem
concept of this disease dates from Brante's
(1952) observation that the stored material
in Hurler's and Hunter's syndromes was acid
mucopolysaccharide.

During the past decade related condi-
tions have been described and are now col-
lectively known as the mucopolysaccharid-
oses (McKusick, I964). In many of these,
cardiovascular abnormalities are present but
may not become apparent for some years
after birth. This point was well shown in a
family which included 4 cases of Hunter's
syndrome (Fig. 6). The two affected men who
died from heart failure, aged 27 and 20
years, have been reported earlier (Emanuel,
I954). Their nephews were thought to be
normal at birth but the stigmata of gargoylism

FIG. 6 The pedigree of a family with Hun-
ter's syndrome, the sex-linked recessive form
of gargoylism (see text).

1 a

I

? (d27 *d20

|-Gargoyle O Normal|

FIG. 7 The 2 male gargoyles, aged 24 and
5 years, from the second affected generation
(see Fig. 6).

became apparent before the age of 2 years
(Fig. 7), and by the age of 24 years one child
had developed an aortic ejection murmur,
and by the age of 5 the other had a mitral
pansystolic murmur, and mitral regurgitation
was confirmed by cardiac catheterization. In
all probability these lesions will progress,
and the children, like their uncles, will de-
velop severe valve regurgitation, pulmonary
hypertension, and will ultimately die from
cardiac failure.

In this review, the presence of genetic
factors has been shown in all 3 groups into
which congenital heart disease has been
arbitrarily divided, but the relative im-
portance of these factors compared with
environmental influences has still to be
determined, particularly in isolated congeni-
tal heart disease. Progress has been made since
Lancisi (1745) wrote:-'No one will deny
that diseases of the heart can be handed
down from parents to children. Certainly
a defect of this sort is sometimes deeply
branded and handed down from the very
moment of conception' but much research
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is still needed, not only into the aetiology
of congenital heart disease but also into the
genetics of coronary heart disease, hyper-
tension, and the arrhythmias.

I am grateful to many physicians in this country
and abroad for referring cases of genetic interest.
I am also indebted to Dr. Jane Somerville and
Mrs. Kay O'Brien for their help in preparing the
script.
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