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Incidence of congenital heart disease
in Blackpool 1957-1971
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From the Departments of Paediatrics and Cardiology, Victoria Hospital, Blackpool

In the 15 years from 1957 to 1971, there were 57 979 births in a circumscribed population in North-West
England. The requirements for a valid survey of the incidence of congenital heart disease were largely met.
The necropsy rate for all stillbirths and neonatal deaths in the population was 93 per cent. Diagnosis of the
type of heart lesion was by necropsy in 50 per cent, cardiac catheterisation in 19 per cent, operation in 5 per
cent, and clinical observations only in 26 per cent. The incidence of congenital heart disease was 6 8 per 1000
total births and 5.9 per 1000 live births. The overall incidence has remained unchanged over the 15 years, but
there were trends suggesting an increase in the incidence of uncomplicated ventricular septal defect and ofendo-
cardial cushion defect and a decrease in the incidence of ventricular septal defect with right ventricular outflow
obstruction and of hypoplastic left heart. We have observed seasonal variations in total incidence and in
incidence of some common individual lesions.

This paper reports the incidence of congenital heart
disease in 57 979 births over 15 years in a combined
urban and rural area of North-West England. This
information is needed to provide basic data for
studies of aetiological factors and to plan the
facilities required for the management of affected
children.
The incidence of congenital heart disease is

difficult to ascertain accurately, mainly because it is
unrecognisable at birth in an appreciable proportion
of cases. The requirements for a successful survey
may be stated as follows:
(1) A well-defined population for study.
(2) This population should be as large as possible

provided that cases and suspected cases can be
seen personally to obtain consistency in diag-
nosis.

(3) There must be comprehensive routine examina-
tions of neonates, infants, and school entrants.

(4) Cases should not be sent directly out of the
district for diagnosis so that they are not
recorded.

(5) Few cases should leave the district before recog-
nition.

(6) A high necropsy rate is essential especially for
stillborn babies and those dying in the first
week who may have no signs suggesting heart
disease.

Received for publication 4 October 1976

Subjects and methods

The Blackpool district is well demarcated, being
bounded on three sides by water barriers, while the
fourth landward boundary is in sparsely populated
country. The population, which has increased from
about 250 000 to 300 000 is served by one district
hospital (Victoria). This hospital has departments of
cardiology and cardiac surgery, being a subregional
centre for these specialities. The number of live
births, stillbirths, and neonatal deaths occurring in
the district was notified to us by the Medical
Officers of Health.
The distribution of births by place of delivery

is shown in Table 1. All babies were exa-
mined after birth and before discharge by the
paediatric staff in the consultant obstetric unit.
General practitioners carried out the routine
examination of babies born in their units and at
home. One of us (J.P.B.) visited the general prac-

Table 1 Distribution of births by place of delivery

Period Consultant General Home Total
obstetric units practitioner numbers

hospitals

1957-1961 49% 28% 23% 18 073
1962-1966 54%// 24% 220% 20 794
1967-1971 63% 24% 13% 19 112

Total numbers 32 091 14 542 11 346 57 979
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446 Bound and Logan

Table 2 Method of diagnosis according to mutually exclusive list for common lesions

Lesion Method of diagnosis Total
cases

Necropsy Cardiac Operation Clinical
catheterisation

Ventricular septal defect uncomplicated 24% 23% - 53% 110
Ostium secundum atrial septal defect 68% 27% - 5% 41
Ventricular septal defect with right ventricular outflow obstruction 69% 22% - 9% 32
Endocardial cushion defect 69% 14% - 17% 29
Coarctation of aorta 68% 4% 20% 8% 25
Persistent ductus arteriosus uncomplicated 5% 27% 59% 9% 22
Transposition of great arteries 85% 15% - - 20
Aortic stenosis 21% 43% - 36% 14
Pulmonary stenosis isolated 11% 45% 22% 22% 9

All cases 50% 19% 5% 26% 395

Livebom cases 41% 22% 6% 31% 338

titioner hospitals weekly to examine babies with Mitchell et al (1971): 'A gross structural abnor-
suspected abnormalities and to encourage good mality of the heart or intrathoracic great vessels
standards of care. Babies with symptoms were that is actually or potentially of functional sig-
visited at once or sent by their doctors to Victoria nificance'. Lesions have been classified according to
Hospital. Suspected cases of congenital heart the scheme of the International Society of Cardio-
disease, discovered subsequently when the children logy (1970). Infants with systolic murmurs in whom
were ill or at routine clinic or school examinations, a definite clinical diagnosis, such as ventricular
were seen at Victoria Hospital. Cases entering the septal defect, could not be made clinically have not
district after birth were noted, but not included in been included. When these murmurs disappeared
the series. over a few weeks to years they were classified as

Necropsies were carried out on 93 per cent of transient systolic murmurs. No children with
babies stillborn or dying in the neonatal period systolic murmurs considered innocent have been
wherever they were born. The majority of infants included.
and older children dying in Victoria Hospital also
had a necropsy and reports were received on all Results
examinations carried out for H.M. Coroner. One at
least of the authors usually attended the necropsies RECOGNITION
or examined the specimens later. Seventy-four per cent of the cases of congenital
To decide which cases to include we adopted the heart disease were recognised by the age of 3

definition of congenital heart disease used by months, 82 per cent by one year, and 90 per cent by

Table 3 Incidence of common lesions

Lesion ISC Live births Total births
code

No. Incidence per No. Incidence per
10 000 births 10 000 births

Ventricular septal defect uncomplicated 770 95 16-5 110 19.0
Ostium secundum atrial septal defect 110 28 5 0 41 7 0
Ventricular septal defect with right ventricular outflow obstruction 780 29 5 0 32 5-5
Endocardial cushion defect 200 25 4-5 29 5 0
Coarctation of aorta 020 19 3 5 25 4-5
Persistent ductus uncomplicated 174 22 4 0 22 4 0
Transposition of great arteries 602 19 3-5 20 3-5
Aortic stenosis 070 14 2-5 14 2-5
Hypoplastic left heart 260 11 2-0 13 2-0
Single ventricle 520 5 1-0 10 1-5
Pulmonary stenosis isolated 446 9 1-5 9 1-5
Truncus arteriosus 740 4 0 5 8 1-5
Total anomalous pulmonary venous return 470 7 1-0 7 1-0
Tricuspid atresia 701 5 1-0 5 1-0
Miscellaneous - 46 8-0 50 8-5

Total 338 59-5 395 68-0

ISC=Internation. Society of Cardiology
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Incidence of congenital heart disease in Blackpool 1957-1971

3 years. Among common individual lesions late
recognition occurred predominantly in persistent
ductus (73% by three years) and aortic stenosis
(64% by three years).

DIAGNOSIS
In 74 per cent of cases diagnosis was based on the
results of catheterisation or findings at operation
or necropsy. Table 2 shows the method of diagnosis
for some common lesions according to a mutually
exclusive list in the order-necropsy, cardiac
catheterisation, operation, or clinical only.

OVERALL INCIDENCE
In the years 1957 to 1971 there were 57 979 births
in the district, with 395 cases of congenital heart
disease giving an incidence of 6-8 per 1000 total
births. When stillbirths were excluded there were

56 982 births with 338 cases of heart anomalies, an
incidence of 5*9 per 1000 live births. The number of
undiagnosed cases born in 1957 to 1971 but enter-
ing the district after birth was 18. These were not
included in the series.

INCIDENCE OF INDIVIDUAL LESIONS
The incidence of the common lesions on a popu-
lation basis for both live births and total births is
shown in Table 3. The incidence of transient
systolic murmurs was 0'5 per 1000 live births.

CHANGES IN INCIDENCE
To discover if there has been any major change in
incidence, we have divided the 15-year period of
study into three 5-year periods. To make the three
periods comparable, only cases identified within
5 years of birth have been included, in order not to
underestimate incidences in the last period.
The overall incidence of congenital heart disease

has been remarkably constant (Table 4). Some
individual lesions have shown changes. Three
lesions have steadily declined in incidence, while
two have increased (Table 5). The only significant
change was the increase in frequency of uncom-
plicated ventricular septal defect (x2=7-6O8;
P<0.05).

Table 4 Incidence of congenital heart disease recognised

within 5 years of birth

Period Total births Congenital heart disease
No. Incidence/1000 births

1957-1961 18 073 113 6-3
1962-1966 20 794 136 6-5
1967-1971 19 112 124 6-5

1957-1971 57 979 373 6-4

SEASONAL VARIATIONS
These have been considered in relation to time of
conception rather than birth. To obtain larger
numbers for this analysis we have included cases
born in 1972 and 1973. Figures for seasonal varia-
tions in birth rate in the district by month of last
menstrual period were not available. We have
therefore had to use as a control group those babies
stillborn or dying in the neonatal period from
acquired disease. Our studies have shown that these
do not have a seasonal incidence.
The noteworthy findings in our figures are shown

in Table 6. A greater risk of developing congenital
heart disease is shown for conceptions in summer
though the figures do not reach statistical signi-
ficance. Six of the 12 commonest lesions showed
this tendency though the figures are significant only
for persistent ductus arteriosus and aortic stenosis.

Table 5 Lesions showing change of incidence during the
15-year period

Lesion 1957-1961 1962-1966 1967-1971

Ventricular septal defect with 15 10 7
right ventricular outflow (8 3) (4 8) (3 7)
obstruction

Hypoplastic left heart 7 5 1
(3 9) (2 4) (0 5)

Ostium secundum atrial septal 16 13 10
defect (8-9) (6 3) (52)

Ventricular septal defect 20 43 43
uncomplicated (11 1) (20 7) (22-5)

Endocardial cushion defect
All cases 5 16 8

(2 8) (7 7) (4 2)
Cases with Downs syndrome 1 8 7

(0 6) (3 8) (3*7)

Incidence per 10 000 births in parentheses.

Table 6 Half-yearly seasonal incidence by month of last
menstrual period

Lesion April-September October-March

All cases 237 195
(54-9%) (45-1%)

Ventricular septal defect 70 53
uncomplicated (57%) (43%)

Ostium secundum atrial septal 24 15
defect (620,') (38%)

Endocardial cushion defect 19 12
(61%) (39%)

Persistent ductus arteriosus 18 6*
(75%) (25%)

Aortic stenosis 12 3*
(80%) (20%)

Pulmonary stenosis isolated 8 4
(67%) (33%)

Transposition of great arteries 7 16*
(30%) (70%)

*P<0-05.
Note: In 1957 to 1969 the last menstrual period was in April to
September in 50-2 per cent of 1004 babies stillborn or dying in
neonatal period from acquired disease.

447

 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.39.4.445 on 1 A
pril 1977. D

ow
nloaded from

 

http://heart.bmj.com/


Bound and Logan

One lesion, transposition of the great arteries,
showed the opposite trend with significantly more
conceptions in winter.

Discussion

The first essentials in any study of congenital heart
disease are to define the term and to state clearly the
classification that has been used. It is also important
to show the proportion of cases diagnosed by con-

clusive techniques. These precepts have been
followed in our survey but not in some others. The
other major consideration is the proportion of cases

actually identified.
A well-defined population has been studied,

making the collection of statistics reliable. Blackpool
is 50 miles from a city centre, and Victoria Hospital
has departments of cardiology and cardiac surgery;

therefore, we have no reason to believe that any

children found to have possible heart lesions are not
referred to us in the first instance. From one-half to
two-thirds of all babies born in the district were

screened by the staff of the paediatric unit. General
practitioners and clinic doctors, who carried out
other routine examinations, were encouraged to
refer cases if there was any suspicion of an ab-
normality. A high necropsy rate has been main-
tained throughout the 15 years so that very few
heart lesions can have been missed in children with
fatal illnesses.
A possible source of error in any survey is un-

diagnosed cases leaving the district. These are

thought to be few for two reasons. First, we have
shown that the majority of cases are recognised
early in life. Secondly, the number of undiagnosed
cases entering the district who were born in 1957 to
1971 is small. If it is assumed that approximately the
same number have left the district unrecognised,
then our incidence of congenital heart disease is an

underestimate by only 0 3 per 1000 births. For
these reasons we believe that the detection of cases

has been as complete as is likely to be achieved in
practice.

INCIDENCE
The overall incidence of detected congenital heart
disease was 6-8 per 1000 total births. Remembering
our estimate of undiagnosed cases leaving the
district, it seems reasonable to state that the in-
cidence is just over 7 per 1000 total births. This is in
accord with the findings of the few modern surveys

of this type. In particular, the incidence is similar to
that found in Liverpool in 1960 to 1969 (Kenna et

al., 1975). Thus, it seems that the incidence in
urban and rural areas is similar to that in the big
cities.

When stillbirths were excluded the incidence
dropped by approximately 1 per 1000 births. The
figure of 5 9 per 1000 livebirths agrees closely with
the 5-7 per 1000 livebirths found by Feldt et al.
(1971) in Olmsted County, Minnesota, in 1950 to
1969. Again, allowing for the loss of undiagnosed
cases the incidence in livebirths in the Blackpool
district may be taken as just over 6 per 1000. It
seems reasonable to use this figure when estimating
the facilities required for the medical care of these
children.

INCIDENCE OF INDIVIDUAL LESIONS

Comparison of the Blackpool series with the multi-
centre study in the USA (Mitchell et al., 1971)
showed no significant differences in the incidence of
common lesions, except for isolated pulmonary
stenosis, which was much less frequent in Black-
pool (Table 7).
When our figures were compared with those from

Liverpool (Kenna et al., 1975) four significant
differences were shown. There was a lower in-
cidence of pulmonary stenosis and persistent
ductus arteriosus in our series and a higher in-
cidence of atrial septal defect and Fallot's tetralogy.
This comparison highlights the need for all workers
to use an agreed classification of heart lesions. In
Table 3 our numbers for ventricular septal defect
with right ventricular outflow obstruction include
cases with pulmonary atresia as in the ISC classi-
fication, but in Table 7 we have included only
those cases with pulmonary stenosis to compare
with the Liverpool figure for 'Fallot's tetralogy'.
Further, we have assumed that 'atrial septal defect'

Table 7 Incidence of common lesions in three series

Lesion Blackpool Liverpool Multi-centre
1957-71 1960-69 U.S.A.

Ventricular septal defect 110 261 133
uncomplicated (19-0) (16-0) (23 5)

Atrial septal defect 54* 54 40
uncomplicated (9*5) (3-5) (7 0)

Fallot's tetralogy 26* 42 27
(4-5) (25) (5 0)

Coarctation of aorta 25 54 30
(4*5) (3*5) (5*5)

Persistent ductus arteriosus 22* 106 35
(4 0) (6 5) (6 0)

Transposition of great arteries 20 59 11
(3-5) (3 5) (2 0)

Aortic stenosis 14 52 16
(2 5) (3 0) (3-0)

Pulmonary stenosis isolated 9** 83 37
(1-5) (5 0) (6 5)

Total births 57 979 163 692 56 109

Incidence/10 000 births in parentheses.
*Significant difference between Blackpool and Liverpool (X2 test;
P<0-05).
**SigIiificant difference between Blackpool and both Liverpool and
U.S.A.
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in the Liverpool series includes ostium secundum
and primum defects, but not common atrioventri-
cular canal which is listed separately. Our figure for
comparison, therefore, combines ostium secundum
and primum defects, but the number of atria] septal
defects is significantly higher than in the Liverpool
series even if only ostium secundum defects are
included. It seems that differences in classification
do not explain the different incidence of certain
lesions in near neighbours Blackpool and Liverpool.
Missed cases cannot be completely ruled out, but
this seems an unlikely explanation for the difference
in the incidence of the readily recognised Fallot's
tetralogy, for example.
The low incidence of isolated pulmonary

stenosis compared with both the American and
Liverpool series was a feature. We have used strict
diagnostic criteria for this lesion (a gradient
greater than 25 mmHg at catheterisation), and it is
possible that some cases we have classified as idio-
pathic dilatation of the pulmonary artery would
have been included as mild pulmonary stenosis
by other workers. However, even if our figures
for the two lesions are combined, the incidence
is still significantly lower than in the other two
series.

In our series exclusion of stillbirths did not affect
the incidence of most lesions. Those showing a
lower incidence were those more frequently asso-
ciated with other severe malformations, except in
the case of coarctation. However, postductal co-
arctation might be expected to cause heart failure in
utero in some cases.
There could be advantages in treating those

children whose lesions required advanced surgery,
in a very few centres in this country. If this became
accepted policy, information now available about
the incidence of individual lesions would be valu-
able in assessing workloads, though possible
variations between different areas would have to be
considered.

CHANGES IN INCIDENCE
Two lesions, ventricular septal defect with right
ventricular outflow obstruction and hypoplastic
left heart, declined in incidence during the period
of study. It is certain that detection of cases with
these lesions is complete and, though the differences
did not reach statistical significance, the fall was
steady in each case and should not be ignored.
There was also a suggestion of a decline in the
incidence of ostium secundum atrial septal defect.
Two lesions, uncomplicated ventricular septal

defect and endocardial cushion defect, have in-
creased in incidence. The greater number of ven-

tricular septal defects is significant; this increase
includes proven cases, but more of those diagnosed
only clinically. Possibly more cases in which the
defect closed spontaneously were recognised as the
study progressed, a view supported by an increased
number of transient systolic murmurs. However, if
improved diagnosis were a major factor this would
have been expected to increase the overall incidence
of heart disease, which was not observed. A
decrease in frequency of some lesions may have
masked the effects of improved diagnosis, but this
seems unlikely to have occurred so exactly. On
balance, there appears to have been a real increase
in the incidence of uncomplicated ventricular
septal defect.
The increase in endocardial cushion defect was

partly the result of its association with Down's
syndrome. This condition was nearly twice as
frequent in the second period as in the first and
third periods. In the last period more cases of
Down's syndrome had endocardial cushion defects.

It is to be hoped that variations in the incidence of
lesions, with time, or between different areas, may
provide pointers to the aetiological factors involved.
Lastly, it should be emphasised that while there may
be changes in the number of operations needed for
specific lesions, the percentage of children requir-
ing diagnosis, follow-up, and treatment has not
declined.

SEASONAL VARIATIONS
Kenna et al. (1975) suggested that a seasonal
variation should be seen in at least three separate
studies to be acceptable and we agree with this. Our
finding that more cases of congenital heart disease
were conceived in April to September is in accord
with that of Feldt et al. (1971). They showed births
of babies with heart disease to be highest in winter
(December to February) decreasing through spring
and summer, while in our series conceptions were
high in April to June, decreased during the next two
quarters, and began to increase a little in January to
March. Campbell (1965) reported a seasonal in-
cidence for births of children with persistent ductus
but the peak was from August to November, con-
trasting with our findings of a summer peak for
conceptions. Our finding of more conceptions in
summer for aortic stenosis and in winter for trans-
position of the great arteries do not appear to have
been reported previously, but it must be remem-
bered that the numbers were small. No consistent
pattern has so far emerged for individual lesions
but, clearly, workers should continue to report any
seasonal variations in the birth of children with
congenital heart disease. Our own studies are
continuing.
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We thank the consultant pathologists, Drs P. W.
Harvey, D. S. Harry and S. Murray, who carried
out the necropsies.
Most operations were carried out in Blackpool,

by Mr. J. S. Glennie and by Mr. P. Jewsbury.
We are indebted to the British Heart Foundation

for a grant.
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