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A family study of coarctation of the aorta
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Summary. Families of 100 patients with coarctation of the aorta and 50 con-
trols for age, sex, and social status were studied to assess the influence of genetic and
environmental variables in the aetiology.
A tendency to familial aggregation of the condition and other congenital heart

defects compatible with multifactorial inheritance was discerned. Recurrence risk
for sibs is approximately 1 in 200 for coarctation ofthe aorta, and 1% for any form of
congenital heart defect. The heritability of coarctation is estimated at 58%. The
tendency for other non-cardiac defects to occur in the patients with coarctation does
not appear in their sibs and is not so pronounced as in some other congenital heart
conditions.
Of the several environmental variables examined, there was no definitive associ-

ation with any other than season of birth, which implies a possible association with
maternal infection; there is also a suggestion of a paternal age effect, but these re-
quire investigation in a prospective survey.

There have been few population studies of
coarctation of the aorta, and, though several authors
have reported more than one member of a family to
be affected by the same defect (McNamara and
Rosenberg, 1968), familial recurrence is thought to
be rare. This survey in the north-east ofEngland was
conducted to examine the extent of any hereditary
component that there may be in the aetiology of
coarctation, and to compare the results with those
from a similar previous study of patients with the
tetralogy of Fallot (Boon et al, 1972).

Historically, the condition was first described by
Morgagni in 1760 when he performed a necropsy on
a monk and reported that 'the aorta was contracted
to an amazing narrowness near the heart'. In 1835
Le Grand made the first clinical diagnosis of ob-
struction in the aorta which was later confirmed by
necropsy. Thirteen years later (1848) Oppolzer
precisely localized, before death, the obstruction to
the isthmus of the thoracic aorta. Advances in
radiology in 1928 and 1929 showed evidence of rib
notching caused by bone erosion resulting from the
dilated intercostal arteries which form part of the
collateral circulation. The criteria, suggested by
Wernicke in 1875, for the diagnosis of coarctation

Received 17 November 1975.

are still accepted today; namely, the formation of a
collateral circulation; pulsation in the interscapular
area; dilated intercostal arteries; murmurs over the
anastomotic vessels; and a discrepancy between the
size of the pulse in arms and legs.

Several classifications of the condition have been
proposed. In 1903 Bonnet divided coarctation of
the aorta into 'infantile' and 'adult' types, a funda-
mental distinction that remains today though this
terminology is confusing since infants may suffer
from the 'adult' type of defect. The expanded
classification of Johnson et al (1951) introduced
three variables, a persistent ductus arteriosus, the
relation of the aortic end of the ductus to the coarc-
tation, and the presence of an adequate collateral
circulation, and stressed the importance of haemo-
dynamic as well as anatomical considerations. In
Watson's (1970) most recent classification the co-
arctation may be situated in the preductal, juxta-
ductal, or postductal position. The infantile type
of coarctation corresponding to the first of these is
usually a diffuse narrowing, proximal to the ductus
which is frequently patent, and is often associated
with other heart defects. The 'adult' type corre-
sponds to the third of these, and usually occurs as
an isolated malformation, a localized constriction
just distal to the entrance of the ductus arteriosus
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A family study of coarctation of the aorta

which forms part of the ligamentum arteriosum on
closure.
The arch of the aorta develops from the fourth

and the ductus arteriosus from the sixth embryonic
arches. The segment of the aorta lying distal to the
left subclavian artery and proximal to the entrance
of the ductus has a very small blood flow during fetal
life. Blood from the left ventricle is directed into
the head and upper extremities via the main vessels
above this segment and the circulation to the lower
part of the body passes from the right ventricle
via the ductus arteriosus and the descending aorta.
The portion of the aorta between the left subclavian
artery and ductus known as the 'isthmus' begins to
function as the ductus closes, and gradually opens up
to connect the cephalic and caudal circulations.

Coarctation of the aorta occurs in the region of the
junction of the fourth and sixth arches. For its de-
velopment three theories were initially put forward
(Abbott, 1928; Blackford, 1928; Bonnet, 1903):

(i) There is persistent narrowing of the isthmus,
under the influence of traction of the obli-
terating ductus (pseudocoarctation).

(ii) Abnormality ofthe isthmus occurs during the
joining up of the embryonic arches.

(iii) Closure of the ductus and proliferation of the
intima into the aorta produces fibrosis and
constriction.

It seems likely that the different anatomical forms
are brought about in different ways. According to
the skodaic theory (Taussig, 1960) the adult type of
coarctation is the result ofan extension of the intimal
tissue of the ductus arteriosus penetrating into the
adjacent part of the aorta. As obliteration of the
duct occurs, this tissue contracts causing the aortic
constriction. This condition would, therefore,
not be present at birth.

Subjects and methods
This survey covers the families of 100 index

patients with coarctation of the aorta, currently
attending the Newcastle Royal Victoria Infirmary
and the Newcastle General Hospital. Diagnosis
was confirmed by catheterization or operation in 94
cases. Fifty control families were obtained with
the help of the family doctor who was asked to
match the propositus with a normal child of the
same age, sex, social status, and area of residence.
There were 65 male and 35 female propositi,

giving a sex ratio of 1.85. Buccal smears were done
on all the female propositae to ensure that cases of
Turner's syndrome were omitted from the series.
Two of the index patients were members of pairs of
dizygotic twins, the co-twin being unaffected in each

case. There was one family where the paternal
grandparents were first cousins.
From interviews with all families, information was

obtained regarding their members, physical exami-
nation of the nearest relatives was carried out when-
ever possible, and histories of relatives of remoter
degree examined. Any relative suspected of having
a congenital heart condition was followed up
through hospital records, death certificate, or the
family doctor in order to ascertain the type of heart
defect if any. The mothers were asked about their
health, infections contracted, and drugs taken during
the first trimester.

Type of defect
Clinically, the propositi were divided into 3

groups.
(1) The preductal group contained 8 boys and

5 girls, most of whom were diagnosed in the neo-
natal period and all within the first few weeks of life.
They all had associated cardiac defects and 9 died
before the age of 2 months (Fig. IA).
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FIG. 1. Age at diagnosis.
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Boon and Roberts

(2) The postductal group with complications
consisted of 9 boys and 10 girls, in whom the age of
diagnosis was spread out over months (Fig. 1B).
All the girls had a persistent ductus arteriosus, 3 had
a residual ventricular septal defect, and 2 had aortic
stenosis. Of the 9 boys, only 5 had a persistent
ductus arteriosus, and 2 of these had an additional
ventricular septal defect; 2 had a ventricular septal
defect only, one had endocardial fibroelastosis, and
one an atrial septal defect with mitral incompetence.
Abnormality of the aortic valve is frequently asso-

ciated with coarctation ofthe aorta and at least 50% of
the entire series were known to have bicuspid valves.

(3) The postductal group without other cardiac
lesions contained 48 boys and 20 girls. Though in
this group the age of diagnosis was spread over

years rather than months, 29 were found in the first
year of life (Fig. 1G). These infants presented with
feeding difficulties, failure to thrive, or respiratory
infections.

Diagnosis
Age at diagnosis varied with the type of condition

but in the majority of cases was made in the first
year. With rare exceptions, diagnosis after 1 year

was confined to the postductal, uncomplicated
coarctations. From 1 to 5 years infections are

common, and the heart murmur may be heard inci-
dentally at the time of the illness; of the 16 diag-
nosed at this age, 5 were found by chance during an

attack of measles. Routine examination at school
entry showed 10 children with heart murmurs which
had not previously been suspected. Five boys
were admitted to hospital for treatment of an un-

related surgical condition and a heart murmur was

noticed then for the first time.
Two children collapsed in the street without

apparent reason and on subsequent examination the
diagnosis of a heart defect was made. A third boy
developed a left-sided hemiplegia at the age of 5
years. During investigation in hospital, a youth of
17 years admitted with haematuria was found to
have a coarctation, and in one woman diagnosis was

made during investigation of hypertension in the
early stages of her first pregnancy at the age of 27
years. The presence of a coarctation had been
masked in another woman by two attacks of rheu-
matic fever during adolescence and she spent one

year in a wheel chair. After marriage she had been
advised to refrain from having a family but she pro-

ceeded to have four successful pregnancies; the
fifth pregnancy was terminated because of her heart
condition and she was then sterilized. The diag-
nosis of coarctation was first made at the age of 42
years, but she postponed operative treatment until

she was 50 when her family no longer depended
upon her.
Two men had been rejected for army service at

the ages of 18 and 23 years but a diagnosis was not
made at that time. They were subsequently ad-
mitted to hospital for diagnosis and treatment at the
ages of 34 and 28 years, respectively. The oldest
patient in the series was a man of 57 who was first
diagnosed at 46 years of age when he complained of
'blackouts'. It was felt at that time that an opera-
tion posed a risk too high to take. However, with
the greater experience and surgical skill achieved
during the past 10 years he was advised to have the co-
arctation resected at the age of 53. He made a good
recovery and his hypertension greatly improved.

Birthweights
The preductal group did not differ in birthweight

from the two postductal groups and were, therefore,
included in the series with them. The propositi
were not noted to be of low birthweight, but the
figures show that the affected males tended to this;
their mean weight was 3212 ± 77 g by comparison
with their normal brothers (mean 3379 ± 49 g) and
with the control male group (mean 3452 + 77 g).
This trend did not occur in the fewer affected
females who had a mean of 3289 ± 113 g, the control
females a mean of 3117 ± 108 g, and their normal
sisters a mean of 3266 ± 59 g. These figures
exclude 3 premature births and 5 adults whose birth-
weights were not known. These differences are not
statistically significant.

Results
Environmental factors
Family environment. The ages of 100

mothers and 93 fathers at the birth of the affected
child were known.
The mean difference between them was 3.25 ±

0.51 as compared with 3.02 ± 0.56 years in the con-
trols, and 2.3 years in the general population
(Penrose, 1955). The difference from the controls
is not significant, and the difference from Penrose's
figure for the general population may well be the
result of a different pattern of marriage in the north-
east population.

Table I shows the maternal age at birth of pro-
positus and, for comparison, the number expected
in each maternal age group according to the Regi-
strar General's figures (1960), and those in the con-
trol series. The difference from the Registrar
General's figures is not significant, but it is of in-
terest that there is a slight excess of mothers over
30. There is a similar tendency by comparison
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with the controls. The mean maternal age at the
birth of the propositus was 28.26 ± 0.63, while the
mother's age at the birth of the control children was

27.86 ± 0.81. Similarly, there is a slight difference
in the distribution of paternal ages at the birth of the
propositus (Table I) significant at 5%. Again there
is a slight excess of fathers over 30 by comparison
with the numbers expected from the Registrar
General's figures, and by comparison with the con-

trol series. The mean paternal age at the birth of
the propositi was 31.0 0.86 with a standard devi-

ation of 7.90. The parents of the 9 children who
died with preductal coarctation were younger than
the majority (mothers 25.35, fathers 26.75) but 7 of
these children were the first-born of the family.
The distribution of the mothers of propositi by

parity and age is shown in Table II, together with
the parity distribution expected from the Registrar
General's figures for the northern region. Forty-
one propositi were the first-born in the family, which
compared very closely with the expected figure, and
13 propositi were the last in families of 4 or more

TABLE I
PARENTAL AGE AT BIRTH OF PROPOSITUS

Parental Age (y)
< 20 20-24 25-29 30-34 35-39 40 +

Maternal
Propositi No. observed (100) 5 29 29 20 12 5

No. expected (100) 5.9 29.2 28.9 18.3 12.5
Controls No. observed (50) 2 16 16 9 5 2

Paternal
Propositi No. observed (93) 19 18 34 12 10

22
No. expected (93) - 21.3 29.1 22.8 20.6

Controls No. observed (50) - 6 19 15 3 7

10

TABLE II
MATERNAL DISTRIBUTION BY PARITY AND AGE

Number of Previous Liveborn Children
Age of Mother at Birth of Propositus _ Total

(y) 0 1 2 3 4 5 6 7+

15-19 5 0 0 0 0 0 0 0 5
20-24 15 8 5 1 0 0 0 0 29
25-29 11 9 4 2 2 1 0 0 29
30-34 6 6 5 0 2 1 0 0 20
35-39 2 3 2 1 2 1 0 1 12
40-44 2 0 0 0 0 0 1 2 5

Mothers of propositi No. observed 41 26 16 4 6 3 1 3
No. expected 37.3 30.6 16.2 7.7 3.8 2.0 1.1 1.3

TABLE III
RESULTS OF PREGNANCIES IN MOTHERS OF PROPOSITI

Abortions Stillbirths Normal Sibs Affected Sibs TotalAbortons tillbrths M F M F Livebirths

Male propositus:
Pregnancies before birth of propositus 15 3 57 33 0 2
Pregnancies after birth of propositus 7 1 27 22 0 0

Female proposita:
Pregnancies before birth of proposita 11 1 21 20 0 0
Pregnancies after birth of proposita 4 0 14 16 0 0

Total excluding propositus 37 5 119 91 0 2 212

Half sibs: 0 1
Born before propositus 0 0 lo 8 0 1
Born after propositus 0 0 0 2 0 0

Total 0 0 10 10 0 1 21

Controls Total 17 2 52 51 0 2 105
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Boon and Roberts

children, rather more than expected. Overall,
however, the observed distribution does not depart
significantly from that expected.
As regards reproductive history, the mothers had

a total of 275 pregnancies excluding the propositi, of
which 233 resulted in live births. Twenty-one of
these were by a different father, producing half-
sibs of the propositi, so that there were 212 suc-
cessful full-sib pregnancies (Table III). In addi-
tion there were 37 early abortions, and 5 stillbirths,
of which 2 produced hydrocephalic infants, 1
anencephalic, 1 a macerated fetus (cause unknown),
and the fifth fetus died as a result of severe toxaemia
in the mother. Overall, the figures compare
favourably with the control group, where there were
17 abortions, and 2 stillbirths from a total of 124
pregnancies. There is general similarity in the out-
come of the pregnancies before and after the affected
child. More pregnancies took place before that
producing the propositus than afterwards. The
possible explanation, that affected children tend to
occur in later pregnancies, is excluded by the data in
Table II, leaving as the more likely explanation that
the birth of an affected child limits the subsequent
family building.

TABLE IV
DISTRIBUTION OF FAMILIES OF PROPOSITI
ACCORDING TO SOCIOECONOMIC CLASS OF

FATHER

Social class Mothers
1+2 3 4 5 only

No. observed 13 38 28 15 6
No. expected 14.4 47.5 22.0 10.5 I

Table IV shows the distribution of the families of
the propositi according to social class as indicated by
occupation of the father. This was compared with

the Registrar General's (1960) figures and again
there was no significant differences, though there is a
tendency for a slight excess to occur in classes 4 and
5; this would be compatible with an effect of some
extraneous environmental factor that distinguishes
these two social classes from the others, and indi-
cates the need for further data on this point.

Seasonal variation. Our numbers are small
(Table V, Fig. 2) but there is a significant departure

I51 Male propositi

10-

'a
6 1 Femole propositoe

C IsA A KsA A

Normal brothers

A n3

Normol sisters

i J A

FIG. 2. Month of birth.

of birth month of propositi from the distribution in
normal sibs, with a deficiency of births between
April and August, a pronounced excess in January
to March and a less pronounced excess from Octo-
ber to December. This suggests that the mothers
were in contact with some environmental hazard

TABLE V
MONTH OF BIRTH OF INDEX PATIENTS AND THEIR NORMAL SIBS

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

Male
Postductal (uncomplicated) 6 3 7 2 2 4 2 3 4 7 3 5
Postductal (complicated) 1 0 2 0 0 1 0 0 2 0 2 1
Preductal 2 2 0 1 0 1 0 0 1 0 1 0

Total 9 5 9 3 2 6 2 3 7 7 6 6

Normal sibs (brothers) 10 11 13 14 7 13 6 10 8 5 7 5

Female
Postductal (uncomplicated) 3 3 3 2 1 1 1 2 1 1 1 2
Postductal (complicated) 0 0 2 1 0 2 1 0 0 2 0 1
Preductal 0 1 0 1 0 2 0 1 0 0 0 0

Total 3 4 5 4 1 5 2 3 1 3 1 3

Normal sibs (sisters) 7 4 4 9 6 10 8 5 8 5 9 10
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A family study of coarctation of the aorta

during the months of conception and initial de-
velopment early in the year. The numbers are too
small for separate analysis by type of coarctation, or
by sex, but for the numerically more satisfactory
male series the difference in distribution from their
normal brothers is indeed highly significant at 1%.
Maternal health. The state of health of the

mothers immediately before the relevant pregnancy
and during the first trimester was generally similar
in the affected and control group. Two mothers of
propositi had been in contact with rubella, for which
they were given prophylactic gamma globulin. One
of these mothers also took prednisone for asthma
during the first trimester. Four mothers had
hyperemesis, of whom 2 were treated with anti-
emetic drugs. Only 2 had experienced vaginal
bleeding early in pregnancy which had lasted 1 and 3
days, respectively. One mother was vaccinated at
8 weeks' gestation and had a severe reaction for a
week afterwards. Twelve mothers smoked 10 or
more cigarettes daily. A variety of drugs including
aspirin (1), codeine (2), quinidine (1), sodium amytal
(1), morphia (1), streptomycin (1), orphenadrine (1),
antihistamine (1), and trihextane slimming pills (1)
were taken by a further 10 mothers in the series.
These findings compared favourably with the

histories in the 50 control mothers where it was
found that 10 of these had experienced hyperemesis,
4 of whom took antiemetic drugs; 10 mothers
smoked 10 or more cigarettes daily, and 2 experi-
enced vaginal bleeding during the first trimester.
Two mothers had gastrointestinal infections at 7
and 12 weeks' gestation, one received rubella gamma
globulin, and one had an x-ray film of the lumbar
region and IVP at 6 weeks' pregnancy. However,
compared with the propositi's mothers, there
appeared to be slightly fewer taking drugs during the
first trimester: one mother took quinidine for
palpitations and another was given hormone treat-
ment after two miscarriages, when she became
pregnant with the control child, and one took
BiSoDol for a mild stomach upset.

Family history. The tendency for congenital
cardiac lesions to occur in other members of the
family is well known. However, the tendency in
this survey of coarctation of the aorta was not as
pronounced as in studies of other types of heart
defect, e.g. atrial ventricular defects, atrial septal
defects, Fallot's tetralogy. Difficulties were en-
countered in establishing the type of congenital
heart disease reported in several relatives because of
insufficient information on the death certificate.
The results are set out in Table VI and Appendices
I and II.

TABLE VI
NUMBER OF FAMILIES WITH AT LEAST ONE

AFFECTED RELATIVE

CA Group Control Group

Relatives with congenital heart
disease 18* (22) 4

Relatives with coarctation of the
aorta 3 0

Total no. of families 100 50

* 3 families had 2 or 3 affected relatives.

Seven of the index patients had produced 4 sons
and 4 daughters, all of whom were normal. Of the
195 known parents of the propositi, 2 mothers were
born with a ventricular septal defect. Among
sibs, 1 dead sister has been included as affected be-
cause the mother had been told by the family doctor
that the child had congenital heart disease and
would only survive a short time. Four sibs were
found to have heart murmurs which were thought
to be clinically insignificant, but cardiac catheteriza-
tion was not justified and they were not therefore
included as affected. One sister (Fig. 3), when
medically examined at age 18, was found to have a
heart murmur, then attributed to a mild pulmonary
stenosis. The control series of 50 families also
showed an unexpectedly high proportion of first-
degree relatives with congenital heart disease, pre-
sumably the result of the chances of sampling. One
mother had a mild congenital heart lesion (aortic
stenosis), and in 2 of the 105 sibs one girl had been
operated upon for an atrial septal defect and the
second child almost certainly had a small ventricular
septal defect.

II

III
1 2 ~3 45 6 7

1 2 3 ~4L 6 7 8 q1 10

IVAA cFUI
1 2 3 4 5 6 7 8 9 10

III Died cerebral haemorrhage aged 60
2 Died ruptured sinus ofValsolva aged S0
3 Died ruptured sinus ofValsalva aged 48
4 Normal heart-hypertension aged 62
S Normal

IV 4 Congenitol pyloric stenosis
9 Premature baby died aged 6 weeks
10 Heort murmur. Pulmonory stenosis

Coarctation
FIG. 3. Pedigree of G.B. No. 46
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One family (Fig. 3) produced two affected second-
degree relatives. The propositus had an uncom-
plicated coarctation ofthe 'adult' type and a bicuspid
aortic valve. The paternal grandparents were first
cousins, who had produced 5 offspring. Two of
these died in middle age from a ruptured sinus of
Valsalva and have been classified as having partially
concordant lesions (there was no evidence of
Marfan's syndrome in the one necropsy report
available); another died from cerebral haemorrhage;
the fourth has hypertension, but a normal heart and
is the father of the propositus; and the fifth appears
to be unaffected. In the control series none of the
551 second-degree relatives was found to be affected.
Among third-degree relatives of propositi, 7 were

found to have a congenital heart lesion. Two had a
coarctation and one had a congenital aortic stenosis
(partially concordant). One index patient had 2
affected first cousins, a girl dying in infancy with a
coarctation and ventricular septal defect, and her
sister surviving with an uncomplicated ventricular
septal defect. Two had been operated upon for a
persistent ductus arteriosus which is sometimes
associated with a coarctation, but these and 2 other
affected relatives were regarded as having discordant
lesions.
The total number of fourth- and fifth-degree re-

latives could not be accurately assessed, but in each
group there were 4 known to be affected with a con-
genital heart defect, 1 of whom was concordant, 1
partially concordant, and 2 discordant. In the con-
trol series there was only 1 affected second cousin
from an unknown total of remote relatives.

Associated malformations
The incidence of associated malformations among

the propositi was considerably lower than in surveys
of other congenital heart conditions (Campbell and
Goodwin, 1965; Emanuel et al, 1968; Boon et al,
1972), but higher than in the general population.
Among the male index patients, 1 had a right internal
strabismus and 1 had a large naevus on his back, and
1 child was autistic. Serious defects were more
frequent in the female index patients; 1 child had
been operated upon for cleft lip and pyloric stenosis
in early infancy. Two others had duplex kidneys
and a fourth had an ectopic right kidney. This
incidence of 7% associated defects corresponds
with the findings of Campbell and Polani (1961) and
Lamy et al (1957).
The incidence of non-cardiac malformations

among the sibs of the index patients is much lower
and compares with that in sibs of the control series.
In the former (217 sibs), 3 were stillborn with
neural tube defects (1 anencephalic and 2 hydroce-

phalic). One brother had died at the age of 6 years
with a cerebral tumour and a sister had had a gross
umbilical hernia necessitating operation at the age of
4 years. Five sibs had died from a non-congenital
disease, soon after birth or in early childhood.
Among the 107 sibs of the control series, 1 child had
polydactyly and another a small cleft of the soft
palate. The figures in both of these groups are
consistent with the 2% incidence of congenital de-
fects in the general population as observed by other
authors, e.g. 2.6% by Williamson (1969) and 2.5%
by McKeowan and Record (1960).

Discussion
This survey of coarctation of the aorta is un-

satisfactory in several ways. It does not refer to
consecutive cases from a series of births, but to all
those diagnosed over a period, irrespective of
whether they were adults or children, so that years
separated the times of their individual embryological
development during which the factors relevant to
the coarctation may have altered. This mode of
ascertainment may well affect the series and its
interpretation. For example, the inclusion of cases
surviving to adulthood means that the series may
not give a true representation of the distribution of
degrees of severity or of the association with other
severe conditions, for the most severely affected
may not have survived. But the effect of this bias,
if any, on the family inquiry would be unidirec-
tional, for if there were a pronounced association of
the degree of severity in the propositus and a posi-
tive family history, it would tend to underestimate
the occurrence in other family members. Secondly,
the condition is clearly heterogeneous in morpho-
logy and development, and the different forms may
be brought about in different ways. Certainly any
genetic involvement may be due to different gene
sets in the different types of condition, and this
appears particularly likely from the embryological
differences. Thirdly, when the present series is
broken down, there are relatively few cases in each
of the subtypes, particularly when the obviously
important factor of sex is also taken into account.
However, coarctation of the aorta is recognized as a
clinical entity, other studies offactors involved in the
aetiology have regarded it as such, and the results of
the current survey are, therefore, presented, but
with the reservation that they may require modi-
fication when further data on the subtypes of the
condition become available.

Subjects
It is difficult to compare the distribution of types,
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on account of terminology and classification dif-
ferences. In the series of Chang and Burrington
(1972), the majority of cases in infants under 1
year were preductal (78 out of 90), but only a
minority in children and adults (4 out of 30). In
the present series, of the 59 cases diagnosed before
the age of 1 year, only 13 were preductal, while of
the 41 diagnosed after the age of 1 year, none was of
the preductal variety. This difference may well
reflect a difference in the referral of patients for
investigation and treatment.
A striking feature of this survey is the wide vari-

ation in the age at diagnosis of coarctation. This is
a direct reflection of the variation in mode of de-
velopment and degree of severity of the condition.
While almost all the cases with other associated
cardiac defects (30 including 13 babies with pre-
ductal type coarctation) and 29 cases of 'adult'
coarctations were diagnosed within the first year of
life, there remained a further 41 patients whose age
at diagnosis ranged from 2 to 40 years, with a mean
of 6 to 7 years. By contrast, children with Fallot's
tetralogy were diagnosed at 3 months on average
(Boon et al, 1972). Lamy et al (1957) gave a mean
of 3 to 6 years for the diagnosis of all types of con-
genital heart disease. Keith et al (1958) noted the
lack of symptoms in healthy children found to have
a heart murmur on routine school examination, or in
the course of some other illness, and McNamara and
Rosenberg (1968) pointed out that the diagnosis of
coarctation could be missed both at operation for
another cardiac defect and at necropsy.
The population incidence is understandably diffi-

cult to assess with accuracy, partly on account of the
delay and difficulty in diagnosis in many cases,
partly on account of the mortality to which the con-
dition gives rise; Campbell (1970) calculated that of
those patients with coarctation of the aorta who had
survived the first year of life, 9% would be dead by
the age of 10 years, 26% by the age of 20, and 65%
by the age of 40. Such information as there is
suggests that the incidence is similar in all races
(van der Horst and Gotsman, 1972). In Britain,
as in other western countries, coarctation of the
aorta appears to rank 6th in frequency in necropsy
statistics (6% of all cases of congenital heart dis-
ease); van der Horst and Gotsman (1972) reported
12 coarctations in 11 970 necropsies of all ages. It
occurs in 5 to 6% among living patients with con-
genital heart disease (Watson, 1970). The incidence
among U.S.A. army recruits was found to be 1 in
10 000, and in the children reported to the Liverpool
Malformation Registry 3.2 per 10 000 (Kenna et al,
1975, Table lb). For the population as a whole the
figure of 4 in 10 000 appears reasonable.

A reduction in birthweight has been observed in
children born with other types of cardiac defect.
Boon et al (1972) noted a tendency to low birth-
weight in children with Fallot's tetralogy; Campbell
and Polani (1961) remarked on the lighter birth-
weight of girls with coarctation compared with the
boys. However, this study, which omitted the pre-
mature births, shows the reverse of their findings,
with the affected girls being slightly heavier than the
affected boys and their normal sisters, but this may
well be the result of the sampling error attaching to
the smaller numbers. The affected boys were
slightly lighter than their normal brothers but this
was not significant.

Family environment
The increased difference in parental age which

was significant in the parents of the female, but not
the male, propositi, remains unexplained. In
combination with the increase in paternal age, a
trend also noted by Campbell (1961) and Polani and
Campbell (1955), it would point to the possible im-
plication of genetic factors.

Seasonal variation in incidence in the birth of
children with coarctation was first noted by Camp-
bell and Polani (1961), but their 151 cases were
insufficient for the pattern to allow significance.
This observation was confirmed by Miettinen et al
(1970) on a larger series of 560 cases of coarctation.
They found an overall deficiency of cases born in
April to August, while there were two peaks dis-
tinguishable in the remainder of the year; these
were, it seems, characterized by different frequen-
cies of location of the coarctation, sex, and the pre-
sence of associated anomalies. This is supported
by the present highly significant birth season vari-
ation in the male cases; the excess is most pro-
nounced from October to December. It suggests
the influence of different exogenous factors operat-
ing at different times of the year. The pattern is
slightly different in the rather fewer female pro-
positae where there is an excess in the number of
affected born from January to March. Whether
this is a chance variation or whether it represents a
real sex difference requires further investigation.
But certainly the results suggest that the state of
health of the mothers during the first trimester may
be of relevance. Our retrospective inquiry, how-
ever, failed to indicate any increase in virus infec-
tions which might have been an exogenous factor.
Indeed, the state of health in the mothers of the
propositi and of the controls were very similar, but
the increase in the number of mothers of propositi
taking drugs is suggestive. Few reported threatened
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Boon and Roberts

TABLE VII
NUMBER OF AFFECTED RELATIVES BY DEGREE OF RELATIONSHIP

Degree of No. of No. No. No. No. Controls
Relationship Relatives Affected Concordant concordant Discordant iConcordant ~ No. of Relatives No. Affected

Parents 195 2 0 0 2 100 1
lst-degree sibs 212 2 1 0 1 105 2
2nd-degree:

Half-sibs 21 1 1 0 0 0 0
Others 1107 2 0 2 0 551 0

3rd-degree 2453 7 2 1 4 1,250 0
4th-degree Many 4 0 1 3 0?
5th-degree Many 4 1 0 3 1

abortions in early pregnancy compared with the
mothers in the Fallot's series.

Family study
The family data are worth closer examination.

Out of a total of 212 liveborn sibs of the propositi,
there were 2 affected with congenital heart disease,
both sisters of (different) male propositi; in 1 case
the child died of a lesion similar to that of her
brother, in the other she had pulmonary stenosis.
Of the parents of the propositi, 2 mothers had a
congenital heart defect, both ventricular septal
defects. Thus out of 405 first-degree relatives, 4
were affected, 1 concordantly.
As regards more distant relatives, 1128 second-

degree relatives of the propositi were traced, of
whom 3 were found to have some congenital heart
defect. One was a half-sib of a female proposita,
the other 2 an aunt and an uncle of one male pro-
positus (the brother and sister of the father); both
died of ruptured sinus of Valsalva. There were
also 2453 third-degree relatives of the propositi, 7 of
whom were affected. Ofthe 2 cousins of the female
cases, 1 had coarctation of the aorta with ventricular
septal defect, the other a ventricular septal defect;
those of the male cases included 1 aortic stenosis,
1 coarctation, 2 persistent ductus, and 1 ventricular
septal defect. Other cases of congenital heart
disease have been identified in more remote relatives
of the propositi, but it is not possible to derive an
incidence figure since at this distance of relationship
bias is very likely to enter into the reporting.
This family study of coarctation of the aorta

shows that there is a tendency for family aggregation
to occur, but not to such a pronounced degree as in
Fallot's tetralogy (Boon et al, 1972). The relatively
low family incidence found in this survey was also
noted by Campbell and Polani (1961) in a series of
151 patients with coarctation when only 1 sib from a
total of 252 was discovered to have an identical
lesion to the proband. However, Lamy et al (1957)
found 2 affected out of 78 normal sibs of 54 pro-
positi. The observation in our series that 2 of 212

normal sibs were affected, 1 with a lesion regarded
as concordant, an incidence of 1 %, is very similar to
that of Campbell and Polani (1961); the 4 more
sibs with heart murmurs considered to be clinically
insignificant were regarded as irrelevant in this con-
text. In view of the fact that it is rare to find con-
genital heart disease in the parents of the propositi
(Lamy et al, 1957) the occurrence of 2 mothers of
propositi with a ventricular septal defect is of
interest.
That genetic factors are involved in the develop-

ment of congenital heart disease is suggested by the
numerous reports of occurrences in twins (e.g.
Lamy et al, 1957; Uchida and Rowe, 1957; Ross,
1959; Folger, 1968), and the increased proportion of
concordant heart lesions in monozygous pairs by
comparison with dizygous (Nora et al, 1967). A
second clue to the involvement of genetic mechan-
ism in coarctation of the aorta is the frequent occur-
rence of this anomaly with Turner's syndrome
(Wilkins and Fleishman, 1944). It appears worth
while to attempt to measure the extent of genetic
involvement.

Tentative estimates of the hereditary component
of coarctation of the aorta can be made from the
family data collected here, though there are diffi-
culties (Boon et al, 1972) on account of the limita-
tions of the survey itself, the small number of
affected relatives which inflates the standard
errors, and the limited knowledge of the incidence
of the condition in the general population and of the
precise mode of inheritance; for present purposes
a multifactorial aetiology with a polygenic compo-
nent to the liability appears a reasonable hypothesis.
The control families in the present investigation
were too few to give the incidence in relatives of
different degrees, so the general population inci-
dence has to be employed. The first estimate uses
the population figure of 4 per 10 000 (3 in 10 000 for
males, 1 in 10 000 for females). The heritability
derived from sibs (ignoring the association with sex)
is 41.9% ± 20, from second-degree relatives 63.2% +
28, and from third-degree 71.5% ± 48. The pooled
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heritability calculated from relatives of all three
degrees is 62.2o% ± 15. Another set of figures may
be derived using the Liverpool congenital malforma-
tion study to give (probably more reliably) the
population incidence. The result is little different.
The figure from sibs is 45.3%0 + 20. From second-
degree relatives it is 70.0 o ± 25, from third-degree
87.2% ± 49, and the pooled heritability figure calcu-
lated from first, second, and third-degree relatives is
57.90% ± 15. These tentative estimates of the
heritability of liability to develop coarctation of the
aorta appear acceptable. By comparison with the
estimates for Fallot's tetralogy (from sibs 53.9% +
16, from all relatives 45.40% ± 14), the coarctation
figures derived from sibs are slightly lower while
those pooled over all degrees are slightly higher.
They are lower than the heritability of 69o% ± 9 for
liability to atrial septal defect calculated by William-
son (1969). The lower heritability from sibs is
compatible with the suggestion from the present
survey that there may be rather more enviromental
influence on the development of coarctation. Too
much weight should of course not be placed on these
figures until the reliability of the estimates from the
more distant relatives can be improved. However,
from them assurance can with certainty be given to
patients who have survived to reproductive age, to
the many more now able to do so as a result of
surgical procedures, and to other members of
families in which affected individuals occur. For
from these figures the expected proportion of second-
degree relatives affected with coarctation is approxi-
mately 1 in 430 and of third-degree relatives 1 in
1000.

Associated malformations
The increase in non-cardiac malformations noted

in cases of Fallot's tetralogy (16%o of cases, Boon
et al, 1972) was again apparent in the coarctation
series, but fewer were so affected (7%o). A similar
observation was also made by Lamy et al (1957),
that the incidence of non-cardiac defects in their
coarctation group was the lowest (7.4%) while the
highest occurred in atrial septal defect patients
(26.8 ).
The mechanism responsible for the association is

still far from clear, and the malformations with all
their variety seem to have little in common.
Coarctation, though perhaps to a lesser extent than
other types of congenital heart disease, seems to
involve in some patients a failure of control of nor-
mal development which may manifest in a variety of
organs and tissues.

In conclusion, this family study of coarctation of
the aorta shows the tendency for familial aggrega-

tion to occur, not only of the same lesion, but other
heart lesions also, a tendency that is shared with
other congenital heart disease. This, and other
evidence, points to the importance of genetic factors
in the aetiology, and on the assumption that these
operate in a polygenic system, the study indicates a
positive fairly high heritability, not very different
from that in Fallot's tetralogy. A positive family
history is the only aetiological variable to emerge
conclusively, but there is still ample scope for en-
vironmental factors to operate, affecting not only
the development of the condition but also its
severity and perhaps the development of associated
non-cardiac malformations which occur at higher
frequency in the propositi than in their sibs. The
environmental variables that may be involved in-
clude parental age, particularly that of the father,
season of birth and hence of early embryonic de-
velopment which may reflect a maternal health
factor.
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APPENDIX I

COARCTATION OF AORTA

Initials Month Mtra Ptenl Male Sibs Sealibs Sb

and Index and Year ofSg of Date of Birth or Other Affected Notes
No. Year of Age Age Birth Biarthf No. of Offspring Reais
BirthBit

Group I Male Index Patietts Male Female
One-child families
G.J. 4 3.63 35 37
J.B. 10 1.68 28 30 (1) Mother's first *Aortic valvo-

cousin AS* tomy-alive
(2) Second *Died in Canada
cousin-TGA, 1961

S.H. 12 1.53 35 34 '39 +'49 '41 '42 '45 VSD,PDA Died neonatal
sepsis

R.M. 15 10.66 31 33
R.H. 19 8.69 24 25
P.C. 27 10.63 30 33
P.T. 43 2.60 26 30
A.B. 56 3.68 23 ?
R.S. 65 11.68 20 ? '70
P.McM. 77 5.71 31 30
C.T. 87 3.71 27 28 Mother's second

cousin; PDA +
VSD

A.G. . 97 11.68 25 35
M.T. 85 2.73 28 35 MotherVSD

Preductal coarctation (deaths)
N.M. 75 4.71 22 24
P.M. 78 11.70 31 32
S.B. 86 1.72 21 22

Two-child families
M.B. 3 12.60 26 25 '63 SB SB female sib

hydrocephalic
A.R. 6 12.64 23 26 '60
R.T. 16 2.55 35 36 '49
D.W. 36 6.52 23 26 '62
D.C. 31 1.65 33 37 '65
W.T. 45 9.57 30 32 '49
M.D. 49 8.60 29 33 '63
N.S. 55 7.63 33 33 '53
T.C. 58 8.58 28 28 '61 Mother's half

sister S
daughter VSD
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Appendix I-continued

a?cxMonth MaenlMale Sibs Female Half Sibs
or OhrAfceioeano.Idx Year of Age Age Birth Year of No. of Offspring RelativesNoeNo.__ __Birth_ __Birth_

Group I Male Index Patients
Two-child families-contd.

J.P. 70 3.42 21
P.T. 80 6.66 22
S.M. 83 1.60 24
M.B. 88 7.68 27

Preductal coarctation (deaths)
R.J. 62 9.70 31

G.M. 64 2.71 25

Three-child families
D.H. 8 12.66 20
C.Q. 9 3.64 22
M.E. 11 10.57 28
P.S. 13 3.67 36
G.A. 23 12.63 21
J.M. 26 10.58 25
S.J. 28 1.70 30

J.C. 35 9.65 35

A.C. 39 9.66 27
A.S. 42 12.53 21
G.B. 46 9.59 24

C.R. 53 10.69 24
G.S. 74 3.67 32
M.A. 96 11.53 29
N.W. 100 3.66 29

Preductal coarctation (deaths)
J.R. 20 1.70 31

Four-child famiilies
J.L. 32 11.59 25

M.B. 52 5.56 31

M.Mc. 72 4.60 25

Preductal coarctation (deaths)
D.C. 29 6.55 16

Five-child families
D.M. 24 9.64 23
A.R. 51 10.57 25
L.K. 66 1.56 24
J.W. 95 4.52 I 34

Six-child famnilies
K.McG. 5 8.59 44

K.J. 25 11.62 38

J.McM. 40 10.55 28
P.B. 44 1.58 28

J.D. 61 3.29 31

J.S. 68 6.38 28

Eight-child families
N.E. 84 19.64 42

Nine-child families
R.H. 90 6.59 33

O.A. 93 12.15

26
24
27
34

32

25

20
27
31
39
23
27
32

34

29
23
29

29
33
30
30

32

28

32

32

17

38
26
29
43

34

38

30
30

32

28

'69

'72

'67

'69

'64
'59
'55
'59
'61 '66
'52
'64 '68

'55 '60

'59
'48t

'66
'60
'49
'60

'61 '66

'49t '66

'61

'57 '63 '67

'52 '56
'56
'51 '61
'46 '54

'53 '54 '57
'58

'47 '49

'52 '59
'53 '60 '63
'63

'31 '34t
'32 '37 '40

'44

'64

'68
'61
'66
'57

'55

'59 '61
'57
'51

'64
'64
'55
'62

'60 '63

'70 SB

'47

'62 '64

'51 '57
'54 '55 '59
'54 '65
'38 '44*

'51 SB
9

'54 '59 '64
SB

'50 '56 '64
'55

'25 '27 '40

'34 '36

50 '43 '44 '46 '49 '50

'58 '60

'51 '53 '63 '49 '51 '57

'65 '71

'07 '09 '1 1 '16 '18 '21

'13 '25

Male

4xM

Female

I xF

Brother and
cousin BSM

2nd cousin FT

Mother's 2nd
cousin CA

Gt. G/father
died 36
ruptured
thoracic
aneurysm ? CA

1st cousin PDA

Aunt and uncle
died ruptured
sinus of Valsalva

Mother's
mother's sister
AS

1st cousin PDA

t Brother died
prematurity
*Sister
pulmonary
stenosis

SB female
anencephalic '64

t Brother died
asphyxia 2/12

*Died3/12
CHD and
pneumonia

SB female sib,
hydrocephalic
SB birth trauma

t Died 10 days
?cause

1 brother BSM
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Appendix I-continued

Initials Month Male Sibs Sibsl Half Sibs OteIfece oe
and Index and Maternal Paternal Year of Yearbo Date of Birth OhrAfelativesNte

No. Year of Age Age Birth Bearthf No. of Offspring Reais
BirthBit

Group I Male Index Patients
Ten-child families
Preductal coarctation (deaths)
M.R. 1 2.66 40

Female Index patients

One-child families
J.H. 59 12.70 23
L.S. 67 2.52 42

D.B. 69 10.20 ?
M.C. 99 6.72 18

Preductal coarctation (deaths)
P.K. 73 4.71 24
L.A. 76 2.71 29
V.D. 89 6.71 20

Two-child families
B.W. 2 7.59 33
K.M. 17 1.67 20
S.B. 21 4.61 24
P.F. 22 3.62 24
J.H. 34 8.58 19
K.B. 38 7.57 33
M.G. 41 10.62 39
A.T. 54 6.68 25
S.B. 79 1.62 19
M.G. 81 6.69 24
D.H. 82 2.65 27
S.J. 92 4.47 26
J.S. 98 10.58 29

Preductal coarctation (deaths)
J.R. 33 6.70 23
P.M. 63 8.70 22

Three-child families
A.R. 18 12.65 20
B.L. 30 9.58 27

R.W. 37 3.58 32
S.C. 47 3.58 21

Four-child families
A.S. 50 8.60 24
F.B. 9 1 12.60 22

Five-child families
C.G. 7 11.64 33

G.H. 14 3.55 33

Six-child families
S.M. 57 2.63 20

B.G. 60 3.35 ?

Eight-child families
Y.M. 48 6.50 38

Nine-child families
S.M. 71 1.57 25

A.H. 94 4.43 26

43

24
60

19

28
31
23

39
21
25
36
24
65
43
31
28
24
37
25
32

'48 '49 '51
'52 '54 '56
'59

'57

'63
'64

'56

'68 (T)
'64
'66*

24 '68
23 '68

22
30

40
22

25
25

34

28

30

41

26

31

'66 '68
'55t '56

'59
'63

'68

'54 '58

'48 '57

'58 '62

'68

'60

'51

'60
'53
'57

'65
'59

'56 '65
'57 '66 '70

'55 '57

'49 '63

'61 '63 '66 '64
'70

'22 '24 '26 '31
'28

'38 '44t

'56 '59 '64
'69

'38 '39 '49

'30 '31 '33
'39 '50 (T)

'53 '54 '62
'66

'41 '42 '45
'47 '51

Male Female

'28 '30 '47 '29* '41 '44

'45
'69

'62

1st cousin VSD

2nd cousin VSD

2nd cousin ASD

* Half sister died
1929 CHD

Mother VSD * Brother BSM

2 first cousins
(1) CA+VSD
died (2) VSD

t Died cerebral
haemorrhage

t Brother died
cerebral tumour
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APPENDIX H

AFFECTED RELATIVES

2nd degree

Father's brother,
father's sister,
ruptured sinus of
Valsalva

Half sister died, CHD

3rd degree

Father's brother's son,
VSD

Mother's mother's
sister, cong. AS

Father's mother's
father, probable CA

Mother's mother's son,
PDA

Father's brother's
daughter, PDA

Mother's brother's
daughter died, CA +
VSD

Mother's brother's
daughter, VSD

4th degree

Mother's father's
sister's son, cong.
AS

Mother's half
sister's daughter,
VSD

Mother's mother's
sister's daughter
PDA+VSD

Father's sister's
daughter's daughter,
ASD

5th degree

Mother's father's
brother's daughter's
son, died TGA 1961

Father's mother's
brother's son's son,
FT

Mother's mother's
sister's son's son, CA

Father's mother's
sister's daughter's
daughter, VSD

433

Index No.

Males
M.R. 1

J.B. 10

M.E. 11

J.R. 20

S.J. 28

J.C. 35

A.C. 39

J.M. 40

G.B. 46

T.C. 58

M.T. 85
C.T. 87

J.W. 95

Females
C.G. 7

M.G. 41

L.S. 67
P.K. 73

M.G. 81

Ist degree

Sister PS

Mother VSD

Sister died CHD;
probable C.A.

Mother, VSD

Cong. = congenital. Key: CA = coarctation; FT = Fallot's tetralogy; VSD = ventricular septal defect; ASD = arial septal defect; PDA =
persistent ductus arteriosus; AS = aortic stenosis; PS = pulmonary stenosis; CHD = congenital heart disease; BSM = benign systolic murmur;
TGA = transposition of great arteries; * = relative mentioned in Notes column; (T) = twin; t = deceased.
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