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SHORT-TERM CHANGES IN THE INCIDENCE OF
MALFORMATIONS

BY

IAN LECK AND E. L. M. MILLAR
From the Department of Social Medicine, University of Birmingham

On at least two occasions, the examination of
secular changes in the incidence of malformations
has led to the identification of important aetiological
agents. The discovery that rubella could cause
congenital heart disease and cataract (Gregg, 1941)
was based on studies of the incidence of these mal-
formations. Similarly, the association between the
taking of thalidomide in pregnancy and ectromelia
was first demonstrated by inquiries carried out be-
cause defects of this type had become commoner
(Lenz, 1961; McBride, 1961).
The increases in incidence caused by rubella and

thalidomide were unnoticed until they became
conspicuous enough to impress clinicians. It is
clearly desirable that epidemics of malformations
should be recognized before reaching such propor-
tions, and there is therefore a need for the examina-
tion of secular trends in large populations of births.
In the present communication, data for Birmingham
children born in 195741 are analysed in this way.

MATERIAL AND METHODS

Information about malformed children born in
1957-61 was obtained from the following sources:

(1) Public Health Department records of the birth
histories, causes of death, and necropsy findings for
stillbirths and for children who died before the end
of 1961 while resident in Birmingham.

(2) The original necropsy reports of a few children
whose Local Authority records stated that mal-
formations were present but gave no particulars of
them.

(3) Returns rendered by all Health Visitors in the
city, giving particulars of living malformed children
on their lists at the end of 1961.

1

(4) The hospital records of children admitted to
local hospitals with malformations (excluding those
who lived outside Birmingham at the time of death
or the end of 1961).

Our propositi were therefore drawn from three
groups of children born in 1957-61; those who were
stillborn and had Birmingham parents, those who
died before the end of 1961 while resident in Bir-
mingham, and those living in Birmingham at the
end of 1961. The total numbers of children in these
three groups were obtained from Local Authority
records.
The most reliable method of collecting data on the

incidence of malformations is to examine all children
at birth and then follow them up for a specified
period. Compared to this method, the retrospective
approach which was of necessity used in the present
survey has two disadvantages. The first is that the
surviving propositi were drawn from a smaller popu-
lation than that to which the stillborn and dead
children were related. In the case of the stillbirths,
the related population consisted of all children resi-
dent in Birmingham at birth, and the same was
approximately true for the dead children (since most
of them died soon after birth). The surviving pro-
positi, on the other hand, were drawn from children
resident in Birmingham at the end of 1961. The
numbers of children in these two groups-resident
at birth and resident at the end of 1961-are com-
pared in Table I (overleaf). As losses by emigration
outweigh gains by immigration, the numbers resident
at the end of 1961 were smaller than those resident at
birth (excluding deaths), especially in the case of
those born early in the period. In estimating the
annual incidence of malformations among all Bir-
mingham births, we have assumed that the mal-
formation rates observed in children resident at the
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IAN LECK AND E. L. M. MILLAR
TABLE I

BIRMINGHAM RESIDENTS BORN IN 1957-61

Year of Birth
Group Total

Total
1957 1958 1959 1960 1961 1957-61

Number Resident at Birth (a) 19,322 19,714 19,770 21,198 22,038 102,042
Stillborn .416 433 418 421 444 2,132Number Resident at Died 1957-61 513 541 510 507 431 2,502Death or End of Alive 15,929 16,628 17,114 18,914 20,359 88,9441961
Total (b) .16,858 17,602 18,042 19,842 21,234 93,578

Excess of Emigrants over Immigrants (a) -(b) 2,464 2,112 1,728 1,356 804 8,464

end of 1961 applied also to all those resident at birth
who were not stated to have died.
The second disadvantage of the methods used in

this inquiry is that they can give complete ascertain-
ment only in the case of malformations which were
recognized at birth and either caused death, re-
quired hospital treatment, or came to the notice of
health visitors. Types of malformations which do not
always meet these requirements include: (i) Super-
numerary digits and talipes, which are sometimes
corrected by domiciliary treatment before the time
of the Health Visitor's first visit; (ii) Hydrocephalus,
mongolism, congenital heart disease, and dislocation
of the hip, each of which was undiagnosed at birth
in more than a quarter of cases in a previous Bir-
mingham series (McKeown and Record, 1960;
Leck, 1961). The children surveyed in the present
inquiry were too young for ascertainment of the
latter group of malformations to be complete.

In our search of hospital records (the fourth in
our list of sources of data) we attempted only to
trace malformations in respect of which the methods
used seemed likely to give fairly complete ascertain-
ment. The data from our other three sources (Local
Authority records, necropsy reports, and Health
Visitors' returns) related to malformations of all
types. In the present communication we examine:

(1) Data from all four sources relating to those
malformations which appear to be ascertainable in
almost all cases;

(2) Data from the first three sources relating to
certain other malformations, which were selected for
study because they resembled some of those caused
by thalidomide and because we were anxious to
determine whether their incidence had increased
since the introduction of this drug in 1958.

FULLY AsCERTAINABLE MALFORMATIONS
There were 102,042 stillbirths and live births to

Birmingham residents in 1957-61. Table II (opposite)
shows the incidence in this population of the more

common malformations, excluding types not fully
ascertainable by the methods used. Estimates of inci-
dence among 56,760 births to Birmingham residents
in 1950-52 are also given in the Table. These earlier
estimates are taken from the reports mentioned
above (McKeown and Record, 1960; Leck, 1961)
and are based on (a) the birth records of almost all
Birmingham children and (b) a 5-year follow-up of
those who remained in the city. Like the present
series, the earlier one was deficient in malformations
occurring among children who had left the city.
The figures for the two series given in Table II are
not corrected for these deficiencies, and may there-
fore have a slight tendency to understate the true
rates. The comparability of the two series does not
seem likely to be seriously impaired by these in-
accuracies.
Comparison of the two series suggests that the

ascertainment of most malformations was at least as
complete in the present survey as in the earlier one:
defects of the types studied were ascertained in a
total of 8 * 3 per thousand total births in 1950-52 and
in 9-2 per thousand in 1957-61, and the rates for
most specific malformations were at least as high in
1957-61 as in 1950-52. The reported incidence of
hypospadias in the present series was, however, only
half as high as in 1950-52.
The figures for reduction deformities of the limbs

require special attention. Anatomically these defects
were of many types, and a preliminary
examination of our data (Leck and Millar, 1962)
suggested that these types might differ from each
other epidemiologically: defects of the thumbs and
radii were particularly common in 1958, and
bilateral defects in 1960-61, but the incidence of
other reduction deformities showed little change.
For these reasons, we have divided the reduction
deformities into several groups which are listed
separately in the tables. Details of the individual
cases in each group are given in Appendices I and II
(for births in 1957-61 and 1950-52 respectively).
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SHORT-TERM CHANGES IN THE INCIDENCE OF MALFORMATIONS

TABLE II

INCIDENCE OF CERTAIN MALFORMATIONS (PER 1,000 TOTAL BIRTHS) IN THE PRESENT SERIES
AND IN A STUDY OF BIRTHS IN BIRMINGHAM IN 1950-52

3

Present Series (1957-61) 1950-52
Type of Malformation

Number Incidence Incidence

Anencephalus and spina bifida .56 0-55 0-42
Neural. . Anencephalus (without spina bifida) .207 2-03 1 53

Spina bifida, cephalocele (without anencephalus) .273 2- 68 2- S0

Cleft lip and palate 83 0 81
Cleft lip (without cleft palate) .33 0-32 I166 1I85

Alimentary .. .. Cleft palate (without cleft lip) .53 0- 52
Oesophageal atresia, tracheo-oesophageal fistula 39 0- 38 0- 18
Anal atresia* .32 0-31 0-28

Renal agenesis or hypoplasia (bilateral)* .35 0-34 0- 16
Genito-urinary .. Hydronephrosis, hydroureter, urinary obstruction .50 049 0 25

Hypospadias (per 1,000 male births) .30 0- 57 1 13

Sirenomelia 4 0*04 0*00
Reduction deformities Defects limited to thumbs and/or radii . . . 13 0 13 0-04

of limbs .. .. Defects limited to fingers or toes 3 0-03 0-14
Other defects -Both arms and/or both legs affected .1 1 0 11 0*04

-One arm and/or one leg affected 21 0-21 0-16

Other .Exomphalos 48 0*47 0*48
Diaphragmatic hernia (not hiatal) .39 0 38 0- 35

Total Affected Individuals 939 9*20 8 26

* Excluding cases with sirenomelia.

Reduction deformities limited to fingers and toes those limited to the digits) showed little change.
were reported only three times in the present series, There were four cases of sirenomelia in 1957-61 and
and those affected were all born in 1961. In 1950-52 none in 1950-52.
such defects were much commoner. As the recording The annual numbers of malformations in the
of malformations took place at an earlier age in present series are shown in Table III, and the cor-
children born in 1950-52 and 1961 than in those responding rates in Table IV (overleaf). As already
born in 1957-60, it seems likely that finger and noted, the figures for all births given in Table I indi-
toe defects were overlooked except in children who cate that the children from whom the malformed
were very young at the time of ascertainment. survivors were drawn were fewer in number than
These defects cause much less disability than those resident in Birmingham at birth, and the rates
the others listed, and are excluded from further given in Table IV are those which would have
consideration. occurred if the incidence in all survivors had been the

Bilateral reduction deformities, and defects of the same as in those surveyed.
thumbs and radii, were about three times as com- Table IV also contains estimates of the statistical
mon in the present series as in the earlier one, but significance of the secular changes in the malforma-
the incidence of unilateral deformities (other than tion rates. These estimates were obtained by means

TABLE III
ANNUAL NUMBERS OF MALFORMATIONS

Year of Birth
Type of Malformation Fate . -

1957 1958 1959 1960 1961 Total
1957-61

Dead 13 13 1I 5 14 56
Anencephalus and spina bifida .Alive - - - - - -

Total 13 13 1 1 5 14 56

Dead 47 39 45 40 36 207
Neural .. Anencephalus (without spina bifida) .. .. Alive - - - - - -

Total 47 39 45 40 36 207

Dead 43 49 39 52 27 210
Spina bifida, etc. (without anencephalus) .. .. Alive 11 10 9 16 17 63

Total 54 59 48 68 44 273

continued overleaf
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IAN LECK AND E. L. M. MILLAR

TABLE I11-Continued

Type of Malformation

Cleft lip and palate

Cleft lip (without cleft palate)

Cleft palate (without cleft lip)

Oesophageal atresia, etc.

Anal atresia

Renal agenesis, etc.

Hydronephrosis, etc.

Hypospadias

Sirenomelia

Defects limited to thumbs and/or radii

Both arms and/or both legs affected

Other
Defects*

One arm and/or one leg affected

Fate

Dead
Alive

1957

6
8

1958

5
13

Year of Birth

1959

3
9

Total__ 14 18 12

Dead 1 1
Alive 6 5 7

1960

16

17

4

Total 7 6 7 4

Dead 1 6
Alive 5 15

Total 6 21

Dead 4 9
Alive - 2

Total I4 11

Dead
Alive 2

Total

Dead
Alive

Total

Dead
Alive

Total

2

7

7

3
6

9

Dead 2
Alive 7

Total 9

Dead
Alive

Total

Dead I
Alive I

6

7

7

7

11
11

3

6

6

6

6

6

7

7

9
3

12

4 -
6 3

10 3
I I_2 1 1

2 1 I

5 2
3_

1961

5
17

22

8

Total
1957-61

20
63

83

3
30

2
1

13
8 6 40

9 - 10

4
4

8

7

8

8

8

8
2

10

2

10

8
I

9

6

6
l l_ l -~~~

8

3
3

39

27
5

32

35

35

37
13

50

10
20

6 30

I* l. -I- I-
Total 2 81 2

4

4

8
5

1 13
~~~~~~~~~~I I I l....-- I

Dead
Alive

Total
'I
_I

3 S 5

4 6 11

Dead 1 I I 3
Alive 2 4 S 5 2 18

Total 3 4 6 6 2 21

Dead 5 10 8 7 14 44
Exomphalos .. .Alive - 3 - - 1 4

Total 5 13 8 7 15 48
Other ... .. _ _ -_ _____ .

Dead 4 9 7 4 12 36
Diaphragmatic hernia ..Alive - I - 2 _ 3

Total 4 10 7 6 12 39

Dead 130 154 135 126 118 663
Total Affected Individuals .Alive 48 63 42 58 65 276

Total 178 217 177 184 183 939

xldngdfcs iie to. figr or. toes* Excluding defects limited to fingers or toes.

of the x2 test,* except in the case of the reduction deformities, which were too infrequent for this test
* The annual numbers of malformations used in the calculation of to be accurate. The P value given for each reduction

X2 were those given in Table III. The numbers in the related popula- deformity indicates the significance of the difference
tions were estimated from the numbers of malformations in Table III
and the corrected rates in Table IV. between the highest and mean numbers affected

4

Alimentary

Genito-urinary

Reduction
Deformities
of Limbs .

_ _ _ _
_ _l

I-
_1

I_ I-

l_ l-

_1 l -

l_l-
86

-1..-1-1--1-

_ 1l

I-

l--1..-1-

-1

_ I-

~ ~ _ I

9 33

7 53

7 30
3 9

I
I

I

I

I
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SHORT-TERM CHANGES IN THE INCIDENCE OF MALFORMATIONS 5

TABLE IV
ANNUAL INCIDENCE OF MALFORMATIONS (PER 1.000 TOTAL BIRTHS)

Incidence
(corrected for losses by emigration) Statistical

Type of Malformation ____ .__ __ ___- Probability*
Total

1957 1958 1959 1960 1961 1957-61

Anencephalus and spina bifida . . 067 0-66 0-56 0-24 0-64 0-55 0-3 P --0-2
Neural .. Anencephalus (without spina bifida) . .. 2-43 1-98 2-28 1-89 1.63 2-03 0.4 > P >0-3

Spina bifida, etc. (without anencephalus) . . 2-88 3-06 2-47 326 2-03 2.73 0.2 > P >0.1

Cleft lip andpalate.0-79 1-00 0-65 0-86 1.03 0.87 0-8 >P >0-7
Cleft lip (without cleft palate) .0-41 0-34 0-39 0-20 0-42 0.35 0-8 > P -- -07

Alimentary Cleft palate (without cleft lip) .0-35 1-16 0-49 0-50 0-33 0-56 0.004 > P > 0003
Oesophageal atresia, etc. 021 0-57 0-30 0-39 0-46 0-39 0-5 > P -10-4
Analatresia.0-12 0-36 0-30 0-38 0-41 0-32 0.6 >P >0.5

Genito- Renal agenesisetc.. . 036 0-36 0-35 0-38 0.27 0.34 0.98 > P > 097
urinary Hydronephrosisetc.. . 051 0-56 0-62 0-48 0-36 0-51 0.9 >P > 0-8

Hypospadias (per 1,000 male births) I 00 1-05 0-32 0-19 0-55 0-62 0.05 > P >0.04

Reduction Sirenomelia.0-00 0-10 0-05 0-05 0-00 0.04 0.6 > P OS0.
Deformities Defects limited to thumbs and/or radii . . 01 43 10 00 005 0-13 0007 >- P --0-006
of Limbs Other -Both arms and/or both legs affected 0-00 0-05 0-00 0-19 0-28 0-11 0-04 >. P >. 0.03

defectst-One arm and/or one leg affected . 0-17 0-23 0-33 0-30 0-09 0-22 0.8 > P >0.7

Other .. Exomphalos.0-26 0-68 0-40 0-33 0-68 0-47 0-2 > P --0l
Diaphragmatic hernia.0-21 0-51 0-35 0-29 0-54 0-38 0-4 > P> 0-3

Total Affected Individuala.9-6011-41 9-17 8-88 8-42 9-46 0-03 >.P> 002

*Probability values were estimated by the XI' test, except for those shown in italic type. These, which relate to the less common malformations
(those of which the expected annual numbers were not all greater than five), were estimated by the test for epidemic disturbances described by
Edwards (1958).

t Excluding defects limited to fingers or toes.

annually. The method used is described by Edwards
(1958) in his discussion of short-term trends.

Malformations of the types studied occurred in a
substantially higher proportion of all births in 1958
(11 4 per thousand) than in 1957 and 1959-61
(8 4-9 -6 per thousand). As the National Perinatal
Mortality Survey took place in 1958, it was at first
thought that the high incidence in this year might
indicate that this Survey had improved the ascertain-
ment of malformations in stillbirths and neonatal
deaths. A more detailed analysis of the data did not
support this suggestion. In the Mortality Survey,
clinical data on stillbirths and neonatal deaths were
collected in March-May, 1958, and necropsy data in
March only (Butler, 1961). The incidence of mal-
formed stillbirths and neonatal deaths in Birming-
ham was lower at this time than in the rest of 1958
(Table V), and therefore the increase in the mal-
formation rate in 1958 cannot be ascribed to the
Mortality Survey.

Five specific malformations occurred more often
in 1958 than in any other year. These were cleft
palate without cleft lip, oesophageal atresia and
tracheo-oesophageal fi.stula, hypospadias, sireno-
melia, and reduction deformities of the thumbs and
radii. The secular changes shown by three of these
malformations were formally significant-at the
5 per cent. level for hypospadias, and at the 1 per
cent. level for radial and thumb defects and cleft
palate. The only other statistically significant

TABLE V

MALFORMATIONS ASCERTAINED IN STILLBIRTHS AND
NEONATAL DEATHS IN BIRMINGHAM DURING THE
NATIONAL PERINATAL MORTALITY SURVEY AND THE

REMAINDER OF 1958

Malformed
Stillbirths and

Data Neonatal Deaths
Month of Birth, Ascertained in Total

1958 Perinatal Births Incidence
Mortality Survey (per 1,000

Number Total
Births)

January and
February Nil . .. 3,039 25 8-2

March . ..Clinical and
Necropsy 1,785 7 3.9

April and May.. Clinical.. .. 3,418 21 6-1
June toDecember Nil 11,472 76 6-6

Total . .19,714 129 6-5

secular variation observed was in respect of miscel-
laneous reduction deformities affecting both arms or
both legs, which increased in incidence in 1960-61;
this increase is examined elsewhere (Leck and Millar,
1962).
The secular distribution of the malformations that

were commoner in 1958 than in other years is shown
in more detail in the Figure (overleaf). This indicates
that hypospadias was particularly common in the
second half of 1957 and the first half of 1958; the in-
cidence of cleft palate was high from late 1957 to early
1959; and twelve of the thirteen cases of radial and
thumb defects occurred between the middle of 1957
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IAN LECK AND E. L. M. MILLAR
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SEASON OF BIRTH
FIGURE.-Number of individuals affected by malformations which were more common in 1958 than in any other year.

and the end of 1959, seven of them in the first half of
1958. There were no clearly defined clusters of births
with oesophageal atresia or sirenomelia. The fre-
quency of all births affected by one or more of the
five defects was high throughout the period July,
1957 to March, 1959.
In spite of the differences between the distribu-

tions for specific malformations illustrated in the
Figure, it is conceivable that several or all of the
increases in incidence shown by the five defects
within the period July, 1957 to March, 1959, were
due to a single cause. If an influence capable of
causing several of these malformations had been

especially prevalent at that time, it would probably
have produced a cluster of births with more than
one of the defects. The frequency of births ofthis kind
is examined in Table VI (opposite). Combinations of
the five defects occurred in four births (116 per mil-
lion) in July, 1957 to March, 1959, and in one (15 per
million) in the rest of 1957-61. The rates to be
expected if all combinations were fortuitous are only
1-45 and 0 25 per million respectively.* The ratio
of the observed to the expected rate, which is a

* The expected rates are those that would occur if the incidence of
every combination of malformations was equal to the product of the
rates at which these malformations occurred separately.
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SHORT-TERM CHANGES IN THE INCIDENCE OF MALFORMATIONS

TABLE VI
FREQUENCY OF ASSOCIATION BETWEEN
MALFORMATIONS LISTED IN THE FIGURE

Individuals with More than July, 1957, to Jan. to June, 1957
One of the Listed March, 1959 Apr., 1959 to
Malformations (34,395 Births) Dec., 1961

(67,647 Births)

Number Observed .. 4*
Incidence Observed (per mil-

lion births) .. 116 15
Incidence Expected (per mil-

lion births) .. .. 145 0-25
Ratio (Observed: Expected) 80 60

* Tracheo-oesophageal fistula and absence of thumbs; tracheo-
oesophageal fistula and absence of left thumb; cleft palate, hypo-
spadias and absence of first metacarpal; cleft palate and hypospadias.

t Cleft palate and hypospadias.

measure of the strength of the association between
the five malformations, was only slightly higher in
July, 1957, to March, 1959 (80) than in the rest of
the 1957-61 period (60). In view of this equivocal
result, and the fact that the periods of highest
incidence for the different malformations did not
coincide exactly, it would be unwise to postulate a
common cause for all these increases. There may
however be a relationship between the high rates for
1958 shown by reduction deformities of the thumbs
and radii and by some other malformations, since
radial and thumb deformities generally occur in
association with other defects (Birch-Jensen, 1949)
and this association may indicate a common aetio-
logy. In the present series eleven of the thirteen cases
of radial and thumb defects had additional mal-
formations (Appendix I).

Unfortunately, we are not in a position to confirm
from other sources the high malformation rates
reported here for 1958, or to determine whether they
occurred elsewhere. The figures for causes of still-
births and infant deaths published by Registrars
General are unhelpful because the malformations
which showed significant increases-cleft palate,
hypospadias, and radial and thumb defects-are all
non-lethal. But although they cannot be verified from
other data, the findings for cleft palate and radial and
thumb defects are very unlikely to be due to random
variations or biassed ascertainment: both in sur-
vivors and in dead children these malformations were
substantially commoner in 1958 than in any other
year (Table III), and as different methods of ascer-
tainment were used in these two groups of children
there is no source of bias which could affect both.
The evidence for non-random changes in the inci-
dence of hypospadias is less convincing: the varia-
tion reported was only just significant at the 5 per
cent. level, and as the rate for the whole period was
only half as high as in 1950-52 (Table II) it seems
likely that ascertainment was incomplete.

Three kinds of influences-ionizing radiations,
infections, and drugs-are at present known to be
capable of producing short-term variations in the
incidence of human malformations (Warkany and
Kalter, 1961). The radiocative fall-out rate was
highest in 1959 (Pierson, Crooks, and Fisher, 1960)
and cannot therefore be related to the high incidence
of cleft palate, hypospadias, and radial and thumb
defects in and around 1958. As the increases in inci-
dence lasted for a year or more, they are unlikely to
have been due to an epidemic of infectious disease.
The possibility that they were caused by a drug or
drugs should be taken rather more seriously, since
drugs frequently fall into disuse a year or two after
their introduction. Also, all three malformations
have been reported in association with specific drugs
under circumstances which suggest causality. Cleft
palate is often found in the offspring of mice and
rabbits who have received cortisone during preg-
nancy (Fraser and Fainstat, 1951; Fainstat, 1954)
and four cases have been described among children
whose mothers took the drug while they were
pregnant (Bongiovanni and McPadden, 1960). After
the administration of large doses of oestrogen in
pregnancy, hypospadias occurs regularly in rats
(Greene, Burrill, and Ivy, 1940) and has been re-
ported once in man (Kaplan, 1959). Radial and
thumb defects, and most of the malformations that
were associated with them in the present series (e.g.
unilateral renal agenesis, hydroureter, oesophageal
atresia), have been observed in association with the
taking of thalidomide (Lenz and Knapp, 1962).
However, thalidomide had not been introduced
when the children born in 1958 passed through the
early stages of intra-uterine life, and we have no
evidence that any other drug with teratogenic effects
was especially popular at that time.

MALFORMATIONS WHICH MAY BE RELATED TO
THALIDOMIDE

In recent years large increases in the incidence of
microtia and ectromelia have occurred in many
countries, and it is generally agreed that these in-
creases are due at least in part to the taking of the
sedative thalidomide in early pregnancy (Leck and
Millar, 1962; Lenz and Knapp, 1962; Saller and
Unglaub, 1962; Smithells, 1962; Taussig, 1962;
Weicker and Hungerland, 1962). In the present series
there were three children with absence of the auricle
or external auditory meatus, and ten with bilateral
reduction deformities of the limbs of the type
previously described in association with thalido-
mide. All were born in 1960-61. They are discussed
in our earlier report.
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IAN LECK AND E. L. M. MILLAR

Many children with ectromelia or microtia due to
thalidomide also have other malformations, and
Table VII gives a list of those reported more than
once in the combined series of McBride (1961),
Wiedemann (1961), Kenny (1962), Leck and Millar
(1962), Lenz and Knapp (1962), Morgan (1962),
Pfeiffer and Kosenow (1962a,b), Pliess (1962),
Schonenberg (1962), Smithells (1962), and Speirs
(1962). The results of the present survey appear to be
the only data so far available on the total incidence
of the defects listed in Table VII before and after the
introduction of thalidomide. We have therefore
examined the data to determine whether these
defects have become more common in children show-
ing no other evidence of injury by thalidomide. The
thirteen children born in 1960-61 with microtia or
bilateral ectromelia were excluded.

Figures for some of the defects listed in Table VII
(cleft palate, bilateral renal agenesis and hypoplasia,
and oesophageal and anal atresia) were given above.
Data for the remainder (apart from those of which
we had no cases) are shown in Table VIII (external
malformations) and Table IX (internal malform-
ations). The annual figures given for external malform-
ations include cases in both living and dead propositi,
but those for internal malformations relate only to
cases in which stillbirth or neonatal death occurred.
The annual figures for internal malformations in survi-
vors are omitted because they are not comparable:
the ascertainment of many malformations increases

TABLE VII

OTHER MALFORMATIONS REPORTED IN ASSOCIATION
WITH REDUCTION DEFORMITIES OF LIMBS AND EARS

DURING THE RECENT EPIDEMIC

Malformation

External

Internal

Musculo-
skeletal

Special
sensory

Alimentary

Cardiac

Genito-
uLrinary

Neurail ..

Respiratory

Polydactyly
Syndactyly
Thumb of three phalanges.
Talipes

Anophithalmos, microphthal-
mos

Colobotna
Accessory auricles

Cleft palate (without cleft lip)
Oesophageal atresia
Duodenal atresia
Duodenal stenosis
Absence of appendix
Intestinal malrotation
Abnormally lax mesentery.
Dystonia of large intestine.
Anal atresia
Absence of gall bladder
Atresia of common bile duct
Abnormal lobulation of liver

Ventricular septal defect,
Fall6t's tetralogy

Renal agenesis or hypoplasia
Horseshoe kidney
Hydronephrosis, hydroureter
Bicornuate or double uterus
Vaginal atresia

Hydrocephalus

Choanal atresia
Abnormal lobulation of lungs

Skeletal Dislocation of hips
I___________I____

Number
Repor ted

6
4
3
5

17

22
16
17
9
10
2
3

17
to
3
5

14

8

8
5

4

4
7

7

TABLE VIII
FREQUENCY OF EXTERNAL MALFORMATIONS LISTED IN TABLE VII (INDIVIDUALS WHOSE LIMBS OR EARS EXHIBITED

REDUCTION DEFORMITIES SUGGESTIVE OF THALIDOMIDE ADMINISTRATION ARE EXCLUDED)

aalformation

Polydactyly

Syndactyly

Talipes ..

Anophthalmos, microphthalmos

Coloboma

Accessory auricles

Dead
Alive

Total

Dead
Alive

Total

Dead
Alive

Total
-I I*

Dead
Alive

Total

Nuniber Born Annually

1957
2

3

16
16

32

1958

4
3

7

4

7

17
1 1

1959

2

4

4

23
27

28 50

Dead
Alive

Total

2

2

Dead -
Dead _
Alive I

Total

1960

2

14
17

31

2

2

1961

4
2

6

4
5

20
17

37

Total
1957-61

I l
9

20

9
9

18

90
88

178

3
2

5

2

2

2

8

Musculo-skeletal

Special Sensory

1..l

I

I

I

I I

I

I
.-A
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SHORT-TERM CHANGES IN THE INCIDENCE OF MALFORMATIONS

TABLE IX

STILLBIRTHS AND NEONATAL DEATHS ASSOCIATED WITH CERTAIN INTERNAL MALFORMATIONS LISTED IN TABLE
VII. (INDIVIDUALS WHOSE LIMBS OR EARS EXHIBITED REDUCTION DEFORMITIES SUGGESTIVE OF THALIDOMIDE

ADMINISTRATION ARE EXCLUDED)

Number Born Annually
Malformation _

Total
1957 1958 1959 1960 1961 1957-61

Duodenal atresia. .- 1 1 1 - 3
Duodenal stenosis .. .. .. .. .. .. - I - 1 2
Absence of appendix .- - 1 - - 1

Alimentary .. Intestinal malrotation. . - - - 1 1 2
Abnormally lax mesentery .- 1 2 - 1 4
Dystonia of large intestine . - - - 1 2
Atresia of bile ducts -. 1 2 1 4

Cardiac .. .. Ventricular septal defect .4 11 13 11 10 49

Unilateral renal agenesis or hypoplasia .1 4 3 1 - 9
Genito-urinary .. Horseshoe kidney .1 1 2 1 1 6

Bicornuate or double uterus . 2 - - - 1 3
Vaginal atresia. -. 1 - - 1 2

Neural .. .. Hydrocephalus 32 37 28 28 23 148

Skeletal .. .. Dislocation of hip .- - - 2 1 3

with age, and survivors born in different years were
not of the same age at the time of the survey.

The incidence of all the types of malformations
mentioned in Table VII (including those not listed
in Tables VIII and IX) is examined in Table X. The
commonest defects-hydrocephalus and talipes-
are considered separately, and the remainder are

grouped.
The rates for talipes and for individuals with other

external malformations were no higher in 1960-61
than in 1957-58. Ascertainment was probably at
least as good among births at the end of the 5-year

period as at the beginning, since external defects are
generally noticed at birth but often require no treat-
ment after the neonatal period and may then be
forgotten.
The rates for hydrocephalus and for individuals

with other internal malformations were highest in
1958 and declined in each subsequent year. Although
these rates relate only to instances in which stillbirth
or neonatal death occurred, their decline seems too
great to be ascribed wholely to improvements in
survival. More probably total incidence has also
declined.

TABLE X

INCIDENCE (PER 1,000 TOTAL BIRTHS) OF INDIVIDUALS WITH MALFORMATIONS LISTED IN TABLE VII. (INDIVIDUALS
WHOSE LIMBS OR EARS EXHIBITED REDUCTION DEFORMITIES SUGGESTIVE OF THALIDOMIDE ADMINISTRATION ARE

EXCLUDED)

Year of Birth
Group

Tl ~~~~~~~Total
1957 1958 1959 1960 1961 1957-61

No. dead 16 17 23 14 20 90
No. alive 16 11 27 17 17 88

Talipes .. .I
Total No. 32 28 50 31 37 178
Incidence 1*79 149 2 67 1*52 1*71 183

External Malformations in All Births l. I -
No. dead 2 8 6 1 5 22
No. alive 3 7 2 5 6 23

Other.
Total No. 5 15 8 6 1 1 45
Incidence 028 081 041 030 051 046

Number 32 37 28 28 23 148
Internal Malformations in Stillbirths Hydrocephalus .. Incidence 166 1*88 1*42 1*32 1 04 1*45
and Neonatal Deaths .. ..

Number 19 45 41 34 29 168
Other .Incidence 098 2*28 2*07 160 132 1 65
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IAN LECK AND E. L. M. MILLAR

TABLE XI

STILLBIRTHS AND NEONATAL DEATHS ASSOCIATED WITH TWO OR MORE MALFORMATIONS OF TYPES LISTED IN
TABLE VII. (INDIVIDUALS WHOSE LIMBS OR EARS EXHIBITED REDUCTION DEFORMITIES SUGGESTIVE OF

THALIDOMIDE ADMINISTRATION HAVE BEEN EXCLUDED)

Malformations Ascertained Number Born Annually

Number per Total
Individual Type 1957 1958 1959 1960 1961 1957-61

Tracheo-oesophageal fistula (or oesophageal
atresia) and anal atresia 1 I 3 5

Two Renal agenesis and talipes ..- 1 2 _ 3
Hydrocephalus and talipes 6 4 5 3 6 24
Other combinations.2 6 7 6 3 24

Three or More 2 5 5 1 6 19

Total Number of Individuals .10 16 19 12 18 75
Total Incidence per 1,000 Live and Still Births . 052 081 0 96 0 57 0 82 0 73

Children with limb and ear defects due to thali-
domide frequently have more than one of the
malformations listed in Table VII. The frequency of
combinations of these malformations in other
children (excluding those who survived more than
one month) is shown in Table XI. The three com-
monest combinations-tracheo-oesophageal fistula
and anal atresia, renal agenesis and talipes, and
hydrocephalus and talipes-are listed separately. All
three have often been observed before (e.g. McKeown
and Record, 1960; Potter, 1961; Hays, 1962). The
incidence of all combinations was as low in 1960-61
(when the risks of exposure to thalidomide were
highest) as in the other years.

Evidence from Germany, where thalidomide was
more widely used than elsewhere, indicates that a
few children with malformations listed in Table VII
but with normal limbs and ears have been born after
the administration of the drug. Lenz and Knapp
(1962) mentioned a mother who took the drug in
pregnancy and had twins, one with phocomelia and
the other with duodenal and anal atresia and normal
limbs. However, the limbs and ears were normal in
only 2 to 4 per cent. of these authors' series of
malformed children born after the administration of
thalidomide, and limb and ear defects appear to have
been the only malformations of which the incidence
increased regularly during the period 1959-61 in
Bavaria (Saller and Unglaub, 1962). These findings,
and our own evidence that the malformations listed
in Table VII have not become more common, sug-
gest that thalidomide does not usually cause these
defects without also stunting the limbs or ears.

SUMMARY

Data obtained from Local Authority records,
hospital and necropsy reports, and Health Visitors'

returns were used to estimate the annual incidence of
various malformations among Birmingham children
born in 1957-61.

Formally significant variations in incidence, with
maxima in 1958, were shown by the figures for all
individuals with fully ascertainable malformations
and for three specific defects-cleft palate, hypo-
spadias, and reduction deformities of the thumbs and
radii. A more detailed analysis showed that the
incidence of each of these three defects had remained
high for a year or more between July, 1957, and
March, 1959. Possible reasons for the increase are
discussed.

Microtia and bilateral ectromelia were com-
monest in 1960-61. The incidence of the other
defects which thalidomide may cause showed no
increase in children whose limbs and ears were of
normal size.

Most of the data used in this inquiry were either col-
lected or abstracted from existing records by Mrs. Eileen
Armstrong, Miss Ann Cooper, Miss Ida Giles, Mrs.
Betty Mann, and the Health Visitors of the City of
Birmingham, with the help of Miss Milner, Miss Green-
ing, and Miss Cook. Hospital and necropsy records were
made available to us by Mr. 0. T. Mansfield, F.R.C.S.,
Dr. K. W. Cross, the pathologists and records officers of
local hospitals, and the City of Birmingham Coroner.
We are grateful to all these people for their ready co-
operation.
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APPENDIX I

REDUCTION DEFORMITIES OF THE LIMBS IN CHILDREN BORN IN 1957-61

Malformations Date of Birth Sex Fate*

With absence of external genitalia .4. 1.58 M Stillborn
Sirenomelia .. Alone ..24.12.58 M Died (1 hr)

With acephalus .7. 2.59 F Stillborn
With anencephalus .29. 2.60 M Stillborn

Defects Limited to Thumbs and/or Radii
Absence of both thumbs and radial deviation of hands; tracheo-oesophageal fistula;

incompletely fixed mesentery.. .17. 8.57 F Died (2 mths)
Proximal phalanges of both thumbs short and deflected laterally ..6.11.57 F Alive
Absence of both thumbs; six toes on one foot; bilateral talipes: Hirschsprung's disease 17. 1.58 F Died (9 mths)
Absence of right radius and thumb; bilateral talipes .16. 2.58 M Alive
Absence of right thumb; spina bifida 'a thu

24. 2.58 M Alive
Left radius deformed, wrist dislocated, and thumb absent; frontal lobes of brain partially

fused; inferior vena cava draining into azygos vein, and right pulmonary vein into superior
vena cava; tracheo-oesophageal fistula; complete situs inversus; absence of left lung and
left middle ear; external ears malformed .15. 3.58 M Died (1 day)

Absence of both thumbs and extreme radial deviation of hands; hydrocephalus; absence of
right kidney; left kidney enlarged, with hydroureter; accessory spleen .16. 5.58 F Stillborn

Absence of left radius and thumb; absence of right kidney; left kidney cystic, with hydrone-
phrosis and hydroureter; atresia of bladder neck and posterior urethra .8. 6.58 M Died (6 hrs)

Absence of right first metacarpal; talipes; cleft palate; hypospadias; absence of left kidney. 27. 8.58 M Died (3 days)
Absence of left radius and radial deviation of left hand; Fallot's tetralogy ..23.11.58 M Alive
Absence of right radius; absence of right ovary and Fallopian tube, right half of uterus, and

right kidney. . .. .. .. .. .s 9. 9.59 F Stillborn
Absence of both radii and thumbs; syndactyly of left index and middle fingers; hydrocephalus;

absence of left ovary, Fallopian tube, and kidney ..11.10.59 F Stillborn
Absence of terminal phalanx and nail bed of left thumb ..7.12.61 F Alive

Defects Limited to Fingers or Toes
Absence of terminal phalanx of left hallux .. 26. 5.61 M Alive
Absence of one toe on right foot; left talipes; syndactyly of three fingers of right hand 30. 8.61M Alive
Four fingers (three on left, one on right) replaced by skin tags; ring construction above right

ankle 25. 9.61 M Alive

Other Defects-Both Arms and/or Both Legs Affected
All limbs short but complete; six digits on each limb; hydrocephalus; anal, vaginal and

urethral atresia; hypoplasia of kidneys; absence of ureters; bladder solid ..9. 5.58 F Stillborn
Legs terminating immediately below knees; ventricular septal defect; duodenal stenosis;

Meckel's diverticulum; unfixed mesentery; absence of rectum, anus, uterus, external
genitalia, and urinary tract; anomaly of lumbosacral spine; absence of left half of pelvis;
earslow-set ..12. 3.60 F Stillborn

Absence of arms; small hands attached to shoulders ..24. 8.60 F Alive
Arms immobile at shoulders and very short; absence of radii and hands; one digit on each
arm; telangiectasis and microgyria of temporal lobes. .8. 9.60 M Died (7 mths)

Absence of left arm; right arm vestigial; lower limbs grossly defective; bilateral anophthalmos;
duodenal atresia; absence of appendix; bicornuate uterus; absence of vagina; left
hydroureter 6.11.60 F Stillborn

Absence of arms; primitive hands attached to shoulders, with three digits on left, two on right 25. 4.61 MAlive
Shoulders maldeveloped; absence of arms; primitive hands attached to trunk, with three digits (Dizygotic
on left, four on right . twins) M Alive

I I

* Died (age in brackets). Alive at end of 1961. continued overleaf
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12 MAN LECK AND L. M. MILLAR

APPENDIX I. REDUCTION DEFORMITIES OF THE LIMBS IN CHILDREN BORN IN 1957-61 (continued).

Malformations Date of Birth Sex Fate5

Absence of arms; three digits on each shoulder.11. 5.61 F Alive
Legs terminating at knees; three toes on eachleg.16.6.61 M Alive
Absence of scapulae, arms, and legs; primitive hands and feet attached to trunk; two digits on

left hand, three on right hand, six on left foot; coloboma of right eye; atonia of large
intestine *. .1 lv

Absence of both upper limbs, excepting one digit on right shoulder; absence of left thigh and 1. 1 M lv
right shin; six toes on right foot; duodenal stenosis and diverticulum; hypoplasia of left
kidney; right hydronephrosis.30.10.61 1F Died (2 days)

Other Defects-One Arm and/or One Leg Affected
Absence of left lower forearm and hand ..24. 3.57 M Alive
Absence of lower third of left leg, and distal two-thirds of right middle finger; ring constric-

tions round all fingers of left hand; right talipes . . 26. 3.57 F Died (. hr)
Absence of left hand .... . 7.10.57 F Alive
All fingers of left hand vestigial and thumb small 2.35 lv
Right humerus short; syndactyly of fingers; lower part of pectoralis major replaced by fibrous 2.35 lv

band ...3.4.58 F Alive
Absence of part of left foot, includi:ng all t'oes . ..18.7.58 M Alive
Absence of left lower forearm and hand ..16. 9.58 F Alive
Left radio-ulnar synostosis ...5.1.59 F Alive
Absence of left hand and part of left foot 26. 1.59 F Alive
Absence of fingers and hypoplasia of thumb of right hand 19. 6.59 M Alive
Right foot short; talipes; hydrocephalus; achondroplasia ..21.7.59 M Died (2 days)
Absence of left hand . .8. 8.59 F Alive
Absence of left lower forearm and hand ...8.10.59 F Alive
Absence of right foot; ring constrictions of left leg ..15.1.60 F Alive
Absence of left forearm and hand; two digits attached to elbow ..2.2.60 F Alive
Absence of left forearm and hand. 15. 2.60 F Alive
Hypoplasia of left lower limb, with contracture of knee; absence of left kidney; exomphalos;

diaphragmatic hernia; thoracic scoliosis ..30.3.60 M Stillborn
Absence of left lower forearm and hand ..2. 6.60 M Alive
Absence of left lower forearm and hand ...18.10.60 M Alive
Absence of left hand..22.7.61 F Alive
Absence of right arm; three fingers and a thumb attached to right shoulder .. 27.12.61 IM Alive

*Follow-up so the end of 1961. Age at death in brackets where applicable.

APPENDIX II

REDUCTION DEFORMITIES OF THE LIMBS IN CHILDREN BORN IN 1950-52

Malformations Date of Birth Sex Fate*

Defects Limited to Thumbs and/or Radii
Absence of both radii and thumbs; tracheo-oesophageal fistula; mairotation of intestines;
exomphalos; diaphragmatic hernia .23. 2.50 F Died (! 1wr)

Stunting of forearm bones, heel formation of both wrists, and absence of both thumbs; right
talipes; exomphalos.. .18. 8.51 M Stillborn

Defects Limiied to Fingers or Toes
Absence of right hallux; talipes; cleft lip and palate ..24.2.50 M Died (7 mths)
Absence of all fingers of left hand .5.6.50 M Alive
Absence of all fingers of right hand ...18. 9.50 M4 Alive
Three fingers of left hand rudimentary ..2.8.51 F Alive
Absence of three fingers of right hand ...29.1.52 M Removed (1 yr)
Fingers of left hand rudimentary ...6.4.52 M Alive
Absence of three fingers of left hand ..9.7.52 M Alive
Absence of one finger of right hand ...16.11.52 F Alive

Other Defects-Both Arms and/or Both Legs Affected
Upper limbs represented by conical stumps 2-3 ins, long; absence of both feet distal to the

tarsus; bilateral microphthalmos; primitive heart (two fused longitudinal tubes with a deep
groove between them); gnathoschisis; laryngo-oesophageal fistula; unfixed mesentery;

brevicollis.16. 4.52 M Stillborn
All limbs short; abnormal curvature of spine.15.10.52 F Alive

Other Defects-One Arm and/or One Leg Affected
Absence of right foot; urethral atresia; indeterminate sex (no penis or vagina) 19. 1.50 ? Died () hr.)
Absence of left hand 8. 2.50 F Alive
Absence of three metacarpals and all digits of right hand I1 3. 7.50 M Alive
Absence of left forearm and hand ...27.9.50 M Alive
Absence of all fingers and hypoplasia of thumb of left hand . . .22. 4.51 M Alive
Absence of left forearm and band ...29.8.51 F Removed (1 yr)
Absence of two metacarpals of right hand ...5.2.52 M Alive
Absence of left wrist and hand ...11.8.52 F Alive
Synostosis of radius and ulna ...16.8.52 M Alive

* 5-year follow-up. Age at death or removal from city in brackets where applicable.
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