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SUMMARY

The role of preconception irradiation in the etiology of Down
Syndrome was examined using the techniques of record linkage.
Although 909 cases of Down Syndrome,born in B.C. between 1952-70,
were ascertained through a system of linked vital and health
registrations, interest was restricted to the 348 case/control pairs
born in the greater Vancouver area. The maternal identifying
information routinely recorded on birth and ill-health registrations
was used to link 155 Down Syndrome mothers and 116 control mothers
to patient files at the Vancouver General Hospital. Only 28 of the
case and 25 of the control mothers were subjected to diagnostic
irradiation at the Vancouver General Hospital. The difference was
not significant at the 5% level.
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INTRODUCTION

This project was designed to retrieve human epidemiological data
that might help in assessing the magnitude of the problem of specific
genetic risks to man from ionizing radiation. Relevant observations
pertaining tc the question of whether maternal irradiation is a sig-
nificant cause of human non-disjunction leading to the birth of a child
with Down Syndrome, were obtained through computer and manual linkages
of existing vital, health and radiology records.

Several studies have attempted to determine if a correlation
exists between preconception irradiation and an increase in the risk of
Down Syndrome in subsequent pregnancies. The results of these studies,
•summarized in Table I, demonstrate the contradictions that cloud the
picture. Wald, in a 1970 symposium on Down Syndrome, noted that
"the possibility that high energy radiation plays an important role in
the etiology of Down Syndrome remains viable but obscure"(10). The
two studies published since that time, one by Stevenson et al.(8) and
the other by Alberman et al.(9) have not proved of much value in re-
solving the conflict.

The present study differed from those conducted previously in
that it utilized data recorded without reference to the hypothesis and
did not require interviewing of mothers, thus eliminating a potential
source of bias. Instead, record linkage techniques were used to extract
relevant information from existing records. The study also afforded a
means of developing and testing a methodology that may prove of value
in subsequent studies of other questions - for instance, the possible
relation of radiation exposure to childhood leukemia.



METHODS

1. SELECTION OF CASES

Computerized records, for the 21 year period 1952-72 inclusive,
were obtained from the B.C. Health Surveillance Registry which includes,
amongst several registers, a register of handicapped children and adults,
which has been in operation since 1952. An affected individual may be
ascertained at any time after birth. Registration is voluntary and in
order to compensate for this potential deficiency, multiple sources of
ascertainment are used. These sources include:

1. The'Physician's Notice of Birth'.
2. Public health units.
3. Special treatment centres.
4. Voluntary health agencies.
5. Private physicians.

Beginning in 1964, additional sources of ascertainment were added. These
include:

1. Stillbirth registrations.
2. Death registrations of children under 6 years of age.
3. Obstetrical Discharge Summaries.
4. Discharge diagnoses of all hospital admissions of children

aged 7 years or less.
To avoid duplicate entry of cases from these multiple sources, each new
record is compared to an alphabetical index of the pre-existing caseload.
The Registry records of those individuals born in B.C. since 1952 are
linked manually to the provincial birth registrations. Birth registration
numbers are then incorporated into the Registry records, further reducing
the likelihood of duplicate registrations. More complete descriptions of
the evolution, operation and uses of the Registry are provided elsewhere(ll,
12).



Birth registration records, for the period 1952-70, were obtained
in machine-readable form from the B.C. Division of Vital Statistics.
Using the techniques of automatic record linkage developed by
H.B. Newcombe and his colleagues (12) at the Chalk River Nuclear
Laboratories, birth and registry records were linked into individual
health histories. Altogether, this linkage involved 686,889 liveborn
birth registrations and 48,212 Health Surveillance Registry records.

A computer search of the linked birth-registry file yielded 909
cases of Down Syndrome (ICDA 759.3) born in B.C. in the period 1952-70
and registered in the period 1952-72. As the maternal radiation histories
were to be obtained 'in toto1 from the records of the Vancouver General
Hospital, interest was restricted to the 383 cases (42.1%) known to have
been born in Vancouver (272 cases), New Westminster (76 cases), or
Rurnaby (35 cases), the three major cities constituting the greater
Vancouver area.



2. KARYOTYPE SURVEY OF CASES

Even though the multiple sources of ascertainment used by the
Registry is thought to provide some protection against misdiagnosis,
an attempt was made to determine the karyotype results for each of
the 383 cases born in greater Vancouver. The search was restricted
to the Cytogenetics Laboratories of the Vancouver General Hospital
and the Woodlands School, a provincial facility for the mentally
retarded. Two hundred and two (202) of the 383 cases had not had
a chromosome analysis. Simple trisomy 21 accounted for 171 of the
remaining 181 cases. One of these 171 cases was also found to carry
a translocation involving chromosomes 6 and 12. There were 4 cases of
Robertsonian translocations, one involving the D and G-groups, two
involving 2 chromosomes from the G-group and one more complicated case
demonstrating both a 21/21 translocation and a 15/20 translocation.
In addition, there was one non-Robertsonian 21/21 trans location, one
inherited translocation involving chromosome 2 and a G-group chromosome,
and one mosaic for a +21 cell line. The remaining 3 cases had normal
karyotypes based on leucocyte cultures only. Only 1 of the 3 apparently
normal karyotypes had been banded. While these 3 cases may well be due
to either mosaicism or undetected translocations, they may have, in fact,
been erroneously diagnosed. It was not felt that the inclusion of these
cases would compromise the study as one of them was excluded later for
lack of an adequate control, the mother of another was not admitted to
the Vancouver General Hospital and the mother of the third, while ad-
mitted, was not irradiated.



3. SELECTION OF CONTROLS

The linked birth-registry file was used to ascertain a population
of individuals, registered as having one or more congenital anomalies,
that might prove suitable as controls for the 383 cases of Down Syndrome.
Listings were obtained for all liveborn registrations of: (1) central
nervous system defects, (2) cleft lip and/or palate, (3) congenital
heart defects, (4) talipes, (5) congenital dislocation of the hip,
(6) multiple anomalies, and (7) skeletal anomalies. Altogether, these
listings pertained to some 10,000 ill-health registrations. Information
recorded on the birth and/or Registry records from these selected
listings was used to link manually, these registrations to the registra-
tions of the Down Syndrome individuals by the following criteria:
(1) birth city, (2) birth date -12 months, (3) maternal age at birth
-1 year, (4) sex, (5) multiplicity (i.e. single, twin, etc.) and (6)
legitimacy. In an attempt to increase the frequency of successful
linkages, the restrictions on multiplicity and legitimacy were dropped
and the acceptable range of variation in the birth date and maternal age
at birth was extended to -18 months and -2 years respectively. The
results of the case/control linkages are given in Tables II and III.



4. CASE/CONTROL LINKAGES TO VANCOUVER GENERAL HOSPITAL RECORDS

The information that might prove useful in identifying the mothers
of case and control individuals - child's birth surname, maiden surname,
maternal and paternal initials, and maternal birth year - 1 year calcu-
lated from the maternal age at the time of the birth - was extracted
from the birth and registry records. This maternal identifying
information was presented to the Medical Records Department of the
Vancouver General Hospital (V3H) for linkage to their main patient file.
The VGH utilizes a system whereby each individual is assigned a hospital
unit number that is unique to all records regardless of time of admission,
name change, etc. If the identifying information could be tentatively
.linked to a unit number, the patient file was retrieved. The linkage
was then accepted or rejected using information collected from these
files - notably, married surname, maiden surname, given names, husband's
given names, date of birth, occupation, husband's occupation and, in
those instances where the index child was born in VGH, age at the birth,
child's date of birth, birthweight and birth order.All available personal
identifying information, obtained from a combination of birth and registry
records and, when available, VGH patient files was coded and transferred
to computer cards.

If the information contained in the VGH patient file was sufficient
to identify that file as pertaining to the mother of a case or control
individual, information relating specifically to the radiological history
of that woman was obtained from the record. Information such as the date,
area and type of exposure (diagnostic, fluoroscopic, or therapeutic) as
well as the size and number of films used is routinely recorded by the
Department of Diagnostic Radiology of the VGH and was thus available.
All radiological data, regardless of the date of exposure, was collected
although only those exposures occurring prior to the birth of the index
child were coded and keypunched.



5. GESTATIONAL AGE

The Division of Vital Statistics requires mothers to supply
information relating to gestational age at the time of a routine
registration of birth. A search of the statistical information
relating to the births of the 383 cases of Down Syndrome and the 348
control children yielded gestational ages for 365 of the former and
343 of the latter. The 18 cases of Down Syndrome and the 5 controls
without gestational ages were arbitrarily assigned gestational ages
of 40 weeks. A conception date for all case and control individuals
was calculated by subtracting the gestational age from the birth date
of the index individual. All exposures occurring after this calculated
date were excluded from the tabulations.

6. DOSAGE CALCULATIONS

The dosage calculations were computed using a system developed by
Dr. A. Burgess, Health Physicist with the Department of Diagnostic
Radiology of the VGH. Examinations were divided into three main types:
(1) those examinations that resulted in the ovaries and uterus being
exposed in the primary radiation beam (Appendix I), (2) those examina-
tions that resulted in the ovaries and uterus being subject to con-
siderable secondary radiation (Appendix II), and (3) those examinations
that resulted in minimal secondary radiation to the ovaries and uterus
(Appendix III).

Exposure position information (anterior-posterior or lateral) was
not routinely recorded and therefore, it was necessary to estimate the
probable proportion of films taken in each position for those examina-
tions where a differential calculation was necessary (Appendix IV).

The dose per film values were calculated on the X-ray equipment in
use at the VGH in 1977. The imaging devices used over the study period
are known to have been less effective in protecting the patient from high
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doses of radiation than those in use at present. The VGH changed, in
late 1964, from Par-speed screens to high-speed screens and in 1971,
to Hiplus screens. In order to compensate for these changes, the
dose/film values of all examinations in Groups 1 (Appendix I) and 2
(Appendix ÎI), occurring in 1964 or earlier were multiplied by a screen
factor of 2, and those occurring in the period 1965-70, were multiplied
by a screen factor of 1.4. Thus, Group 1 exposures were calculated
using the formula:

Dose/Exposure = £(mrad/fi1m(AP) x #AP films)+(mrad/film(Lateral) x #Lat.films)]

x Screen Factor (6.1)

and Group 2 exposures using the formula:

Dose/Exposure = [mrad/film x # filmsj x Screen Factor (6.2)



12

RESULTS

The 35 cases of Down Syndrome for whom it was not possible to obtain

adequate controls were eliminated from the tabulations, leaving a study

population of 348 case/control pairs. The admission and exposure status

of each of these matched pairs is given in Table IV. The small number of

admissions and exposures, especially relating to Burnaby and New Westminster

births, made it impractical to maintain the city of birth distinction or to

attempt tabulations involving individual case/control pairs. When the data

was consolidated into case or control distinctions only, significantly more

Down Syndrome mothers (155) were admitted to VGH than were control mothers
p it

(116) (x = 9.22Dr_-i, P = 0.003). However, amongst those women who were

admitted, there was no difference in the number of case (28), compared to

the number of control (25) women who were exposed to at least one X-ray

examination (x = 0.51DF ,, P>.05).

An estimate of the amount of ovarian radiation received by each woman

exposed at the VGH was calculated using the values (Appendix I, II, and III)

and formulae given by (6.1) and (6.2). The total dose, in millirads, for each

of the 3 radiographie categories is given in Table V. As expected, there was

a significant difference in the dosages attributed to the radiation categories

themselves (category 1> category 2>category 3) but within the categories,

the differences between the case and the control doses were not significant

(F-ratio = 0.23DF_,, P>.05). Likewise, there was no difference in the

number of cases exposed within a particular radiation category as compared

to the number of control women (x = 1.28DF_2, P>.05) (Table VI).

The distribution of case and control women with respect to cumulative

dose intervals of 500 and 1000 mrads is given in Table VII. When the

intervals themselves were tested, with the case/control distinction

eliminated, there were significant differences in the distribution of women

within both the 500 mrad (x2 = 10.86pF=4, P = 0.028)and the 1000 mrad
Chi-square values are likelihood ratios computed by the ECTA (Everyman's
Contingency Table Analyzer)computer program developed by Leo Goodman
and Robert Fay at the University of Chicago.
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intervals (x = 11.48 Dp=2»
 p = 0.003). This result was not unexpected

and simply implies that the number of women in each category decreases
as the cumulative dose increases. The case/control comparisons within
both the 500 and the 1000 mrad intervals were not significant
(x2 = 0.97DF=4, P>.05 and x

2 = 0.30DF=2, P>.05 respectively).

An attempt was made to differentiate purely radiographie exposures
and those also involving fluoroscopy. Four Down Syndrome and 2 control
mothers were determined to have had examinations involving a combination
of radiography and fluoroscopy (Table VIÎ). The case/control differences
in the number of women having combined radiographic/fluoroscopic examina-
tion; , compared to the number having only radiographie examinations were
not significant (x = O.53DF=1> P>.05 ). The data were not sufficient
to permit a more extensive analysis. There were no instances of
examinations involving fluoroscopir exposures only nor were there any
relevant therapeutic exposures.

The number of exposures that could be attributed to the study popula-
tion were tabulated in two ways - by counting the number of areas exposed
and by counting the number of exposure sessions. An area was defined as
any one of the subdivisions within the 3 radiographie categories,(for
example, IVP, upper G.I., skull, etc.) while a session was defined as any
number of areas examined on any given day and reported on a single
radiology report. The results of the former are given in Table VIII, the
latter, in Table IX. Although there was a significant difference in the
overall distribution of women with respect to the number of areas exposed
(x = 6.66Dp_2, P = 0.036), the implication is obscure as the individual
case/control comparisons are, themselves, not significant (Table VIII).
The numbers of case women having 1, 2 or> 2 exposure sessions were not
different from the corresponding numbers of control women (Table IX).

The elapsed time from exposure to conception was calculated and
subdivided into 5 and 10 year intervals. Table X relates data pertaining
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to the number of areas exposed within the elapsed time intervals and
Table XI relates the corresponding number of exposure serions. The
control mothers had, overall, significantly more exposure sessions
with respect to both the 5 and 10 year intervals than did the Down

2 ?
Syndrome mothers (x = 5.76-p ,, P = 0.016 and x = 5.38DF=1, P = 0.020)
while, overall, the number of areas exposed did not differ. Within the
individual 5 and 10 year intervals, the case/control comparisons, with
respect to exposure sessions,, did not. differ significantly. However,
there was a significant difference in the number of areas exposed within
the 5 year intervals (x = 7.71Dp_2, P = 0.021) due to an increase in
the number of areas exposed, in the control group, in the 0-5 year
interval. This difference is not maintained in the 0-10 year interval.

The BMD07M computer-packaged method of discriminant analysis
developed by the Health Sciences Computing Facility, UCLA, was used to
correlate total dose, elapsed time from last exposure to conception and
maternal age at first exposure. The case/control comparison revealed that
no variable had a significant F-probability at the 5% level.
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DISCUSSION

Using a large-scale, population-based system of linked vital and
health registrations, it was possible to identify 909 Down Syndrome
children born in the Province of B.C. in the period 1952-1970. The
immense area covered by the Province (approximately 360,000 sq.mi.)
dictated that many of the 909 Down Syndrome individuals were inaccessible
for study. For this reason, the geographical area was narrowed to the
Greater Vancouver area, reducing the Down Syndrome population to 383
individuals. The exposure histories of the nothers of the children with
Down Syndrome and their matched controls, strongly suggest that the
majority of radiation exposures occur outside the confines of a general
hospital. Therefore, without the use of a central register of radio-
logical exposures - a facility which does not, and probably never will
exist - the usefulness of record linkage in the elucidation of the
problem at hand is limited. Even had such a radiation register existed,
it is doubtful that the population of British Columbia (currently approxi-
mately Zh million) would produce sufficient cases of Down Syndrome to be
conclusive. In 1973, an Expert Group of the Nuclear Energy Agency of the
Organization for Economic Cooperation and Development commented on the
relatively small numbers of cases in even the largest of the studies
published at that time and concluded that conclusive data could only be
obtained by coordinated surveys in a number of different countries (15).
The British Columbia experience would certainly support this conclusion.

Although the techniques of record linkage have proved of limited
value in assessing the amount of diagnostic X-irradiation an individual
has received, the experience of this study suggests that the technique
may prove useful in studying the effects of diagnostic procedures or
treatments that would, by their nature, be performed in a limited number
of centralized hospitals or treatment centres. The maternal identifying
Information routinely recorded on birth and ill-health registrations was
adequate to link 155 of the 348 case and 116 of the matched control mothers



to the main patient file of the VGH. As the case and control mothers
could have been admitted to any of the several hospitals in the
cities of Vancouver, New Westminster, and Burnaby, the admission fre-
quency to VGH does not seem unreasonable. For the methodology to be
effective, the capability of identifying large numbers of affected
individuals and their parents must be linked to a reasonable probability
that the procedure under consideration be adequately ascertained.



CONCLUSION

Although there were some minor differences between the exposure
histories of the Down Syndrome and the control mothers, the findings,
in general, do not point toward an association between maternal
irradiation and Down Syndrome. This finding lends support to a number
of earlier studies (1,3,4,7,8) and appears contrary to a number of
others (2,5,6,9). However, only 28 of the 348 mothers of children with
Down Syndrome and 25 of the matched controls were found to be both
admitted to, and irradiated at, the VGH. Therefore, although this study
may provide some credence to those studies that failed to detect a
correlation between pre-conception irradiation and the subsequent birth
of a child with Down Syndrome, the answer to the question of whether or
not such a correlation really does exist remains, as described in the
1977 UNSCEAR report, 'equivocal' (14).



TABLE I . LITERATURE REVIEW

AUTHORS,
COUNTRY
YEAR

Lunnp)
Scotland,
1959

Uchida/,»&
Curtis u ;

Canada,
19(31

TYPE OF
STUDY

Retro-
spective

Retro-
spective

CASE

117 Down
Syndrome
children

81 Down
Syndrome
children

CONTROLS

117 liveborns
matched for:
1. child's birth

year
2. maternal age.

2 qroups:
I. 81 cleft U p /

palate matched
for:
1. maternal age
2. maternal birth

year
3. economic

background
4. place of

residence
11.71 neighbours

matched for
geographical
proximity only.

EXPOSURE
INFORMATION

Parental 'significant
histories' (X-rays
involving high
gonadal doses)
obtained by
interviews.

Parental histories
(by interview and/or
questionnaires) of
diagnostic
abdominal or
pelvic X-rays
divided into 3
groups:
1. no exposure
2. less than 4

exposures
3. i 4 exposures

and/or
fluoroscopy.

RESULTS

30 DS mothers
and 28 control
mothers had
'significant
histories' -
difference not
significant.

Highly significant
difference
between OS and
cleft 1ip/palate
mothers.

x2 = 20.6, P<0.0001

Borderline
significance
between DS &
neighbouring
mothers
x2 = 4.6 P/vO.l

Significance
accounted for
by women
receiving the
heaviest doses
(i.e.*4 exposures
and/or
fluoroscopy)

COMMENTS

-



TABLE I - CONTINUED/2

Carter,,»
et al. l 3 )

England,
1961

Schull &

Neel, ^
Japan,
1962

Sigler et

al5<* l\
MCA

1965

Retro-
spective

Prospec-
f-îuo

Retro-
spective

51 Down
Syndrome
children

5582
children
born to
'exposed'
mothers

216 Down
Syndrome
children

51 children with
CNS malformations,
congenital heart
malformations,
or congenital
dislocation of the
hip matched for: +
1. year of birth - 1 yr
2. maternal age

- 15 mo.
3. birth order.

9452
children
born to
'unexposed1

mothers

216 normal children
whose birth records
matched the DS births
for:
1. place of birth -

city: home or
hospital

2. sex
3. date of birth
4. maternal age

at birth

Parental histories
(from interviews)
of abdominal
exposures divided
into the same 3
categories as ,,»
Uchida (1961) Kd)

'exposed' women
defined as present
in Hiroshima or
Nagasaki at the time
of the atomic
bombings

all children were
examined at 9 months
of age

Parental exposure
histories (from
interviews and
hospital records)
divided into:
1. diagnostic
2. fluoroscopic
3. therapeutic
4. occupational

Case/control
differences not
significant.

Frequency of DS
in 'exposed' group
(0.54 per 1000)
not significantly
different from
'unexposed' group
(1.27 per 1000)

OS mothers with
significantly more
1. fluoroscopy

x = R ?•; p<*o m

2. therapeutic

Types and doses
of ionizing
radiations
different than
those used for
nedical purposes
.*. results difficult
to interpret.

x2 = 10.54, P<0.01

3. combined
diagnostic,
therapeutic and
fluoroscopic
x2 = 4.13, P<0.05



TABLE I - CONTINUED/3

Uchida,,»
et al. ( 6 )

Canada,
1968

Marmol #•.%
et al.<7'

Stevenson
et al, (8)
England,
1970

Prospec-
tive

Retro-
spective

Prospect-
ive

972
children
conceived
after
maternal
exposure

61 Down
Syndrome
children

1052
births
conceived
after
exposure
of 545
women

972 children
conceived before
maternal
exposure at the
same center
matched for
[paternal age
- 5 yrs.

224 children
matched for:
1. hospital
2. race
3. maternal age

- 2 yr.
4. date of last

menstrual
period - 2 mo.

Maternal histories
of diagnostic
abdominal X-rays
obtained from
hospital records
and interviews

Maternal histories
of abdominal and
pelvic exposures
occurring at any
time prior to the
end of the 3rd lunar
month of index
pregnancy obtained
from interview.

Maternal histories
of selected
diagnostic
abdominal and
pelvic examinations
obtained primarily
from interview.

Number of
trisomie children
in post-irradiation
group (8 trisomy 21
+ 2 trisomy 18)
significantly
greater than in
pre-irradiation
group (1 tnsomy
21)

60% of DS mothers
and 70% of
control mothers
reported a
negative history
of abdominal/
pelvic exposures.
The difference was
not significant.

Number of DS
children (3) in
1052 births not
significantly
different than
the expected
number (2.14)

Wald(10) cites an
UNSCEAR
observation that
the control
group has an
mexpectedly
ow incidence

of DS.

Results may
include some
post-conception
exposures.



TABLE ,1 - CONTINUED/4

Alberman.
et al. (9)
England,
1972

Retro-
spective

465 Down
Syndrome
children

465 children
with a variety of
handicaps
matched for:
1. time of birth

+
- 3 yrs.

2. maternal age
at birth
1 3*s yr.

Histories of all
diagnostic and
therapeutic
exposures
obtained from
interviews.

No significant
difference in
overall mean
gonadal dose
from diagnostic
exposures but a
significant increase
in mean dose
received by DS
mothers 10 or more
years before conception.



TABLE II FREQUENCY OF CASE/CONTROL LINKAGES BY BIRTH DATE, MATERNAL AGE AT BIRTH,
MULTIPLICITY AND LEGITIMACY.

CASE
(X)

CONTROL

Birthdate

tu
months

314
(90.2)

-13-18
months

34
(9.8)

Maternal
age at birth

-1 yr .

312
(89.7)

-2 yr.

36
(10.3)

Sex, mult ipl ici ty and
legitimacy

al l
match

302
(86.8)

sex &
multi-
pl ic i ty
match

15
(4.3)

sex &
leg i t i -
macy
match

22
(6.3)

sex
only
match-
es

9
(2.6)

not matched

35
(10.1)



TABLE I I I FREQUENCY OF CASE/CONTROL LINKAGES BY MALFORMATION CATEGORY AND CITY OF BIRTH

CITY OF BIRTH

Vancouver

Nev Vestminstez

Burnaby

Total

DOWN
SYNDROME

272

76

35

383

CKS
DEFECTS

101

18

7

126

CLEFT LIP
&/0R PALATE

45

10

3

58

HEART
DEFECTS

59

25

9

93

TALIPES

20

8

4

32

DISLOCATED
HIP

9

2

0

11

MULTIPLE
ANOMALIES

12

5

2

19

SKELETAL
ANOMALIES

6

3

0

9

TOTAL (#)

252 (92.6)

71 (93.4)

25 (71.4)

348 (90.9)



TABLE TV. ADMISSIONS AND EXPOSURES FOR CASE/CONTROL PAIRS

BY CITY OF BIRTH

CASE & CONTROL ADMITTED

a. both exposed

b. case only exposed

c. control only exposeu

d. neither exposed

CASE ADMITTED -

CONTROL NOT ADMITTED

a. case exposed

b. case not exposed

CASE NOT ADMITTED -

CONTROL ADMITTED

a. control exposed

b. control not exposed

NEITHER CASE NOR

CONTROL ADMITTED

TOTAL

VANCOUVER

74

3

11

12

48

63

9

54

34

8

26

81

252

NEW
WESTMINSTER

1

0

0

0

1

11

3

5

2

3

54

71

BURNABY

1

0

1

0

0

5

:

i

0

1

18

25

TOTAL

76

3

12

12

49

79

13

66

40

10

30

153

348



TABLE V. OVARIAN DOVE IN mRADS BY RADIOGRAPHIC CATEGORY

RADIOGRAPHIC
CATEGORY

Category 1 (Table 4)

Category 2 (Table 5)

Category 3 (Table 6)

Total

CASE

TOTAL
DOSE
(mrad)

15,284

7G0

247

16,231

TOTAL*
WOMEN

20

3

15

38

•CONTROL

TOTAL
DOSE
(mrad)

"If ,870

740

157

20,767

TOTAL*
WOMEN

17

3

17

37

A woman may be represented more than once
if exposures fall into different categories.



TABLE VI. NUMBER OF CASE/CONTROL WOMEN EXPOSED BY

RADIOGRAPHIC CATEGORIES

RADIOGRAPHIC CATEGORY

Category 1 only

Category 1 and

any other

Category 2,

Category 3, and

combination 2 and 3

Total

NUMBER OF WOMEN

CASE

8

7

13

28

CONTROL

8

9

8

25



TABLE VII. CUMULATIVE OVARIAN DOSE - IN mRADS

• CUMULATIVE DOSE
(IN mRADS)

E OC

o tz

0-500

501-1000

1001-1500

1501-2000

2000

Total

CASE

RADIO-
GRAPHY

14

7

1

2

0

24

RADIO-
GRAPHY

FLU0R0-
SC0PY

2

0

0

1

1

4

TOTAL

16

7

1

3

1

28

CONTROL

RADIO-
GRAPHY

14

6

1

0

2

23

RADIO-
GRAPHY

FLU0R0-
SCOPY

0

0

0

0

2

2

TOTAL

14

6

1

0

4

25

o
et V>

0-1000

1001-2000

2000

Total

21

3

0

24

2

1

1

4

23

4

1

28

20

1

2

23

0

0

2

2

20

1

4

25



TABLE VIII. NUMBER OF AREAS EXPOSED

NUMBER OF AREAS
EXPOSED

1 area

2 areas

> 2 areas

Total

CASE

15

9

4

28

CONTROL

14

2

9

25



TABLE IX. NUMBER OF EXPOSURE SESSIONS

NUMBER OF EXPOSURE
SESSIONS

1 session

2 sessions

} 2 sessions

Total

CASE

20

5

3

28

CONTROL

15

2

8

25



TABLE X. fc.APSED.TIME FROM EXPOSURE TO CONCEPTION
SY THE NUMBER OF AREAS EXPOSED

ELAPSED TIME

CASE

number
areas

number
women*

CONTROL

number
areas

number
women*

1. IN 5-YEAR INTERVALS

0 - 5 years
5 - 1 0 years

>10 years

'otal

35
17
1

53

23
7
1

31

54
8
6

68

20
6
3

29

2. IN 10-YEAR INTERVALS

0 - 1 0 years
>I0 years

Total

52
1

53

28
1

29

62
6

68

24
3

27

* a woman may be represented more than once if exposures
fall into different time intervals.



TABLE XI. ELAPSED TIME FROM EXPOSURE TO CONCEPTION

BY THE NUMBER OF EXPOSURE SESSIONS

ELAPSED TIME

CASE
number
sessions

number
women *-

CONTROL
number
sessions

number
women*

1. IN 5-YEAR INTERVALS

0 - 5 years

5 - 1 0 years

> 1 0 years

Total

29

11

1

41

23

7
1

31

43

8

5

56

20

6

3

29

2. IN 10-YEAR INTERVALS

0 - 1 0 years

> 1 0 years

Total

40
1

41

28

1

29

51

5

.56

24

3

27

* a woman may be represented more than once if exposures

fall into different time intervals



18

REFERENCES

1. Lunn JE: A survey of mongol children in Glasgow. Scot

Med J 4: 368-372, 1959.

2. Uchida IA,Curtis EJ: A possible association between

maternal radiation and mongol ism. Lancet ii: 848-850, 1961.

3. Carter CO, Evans KA, Stewart AM: Maternal radiation and

Down's Syndrome (mongolism) Lancet ii: 1042, 1961.

4. Schull WJ, Neel JV: Maternal radiation and mongolism.

Lancet i: 537-538, 1962.

5. Sigler AT, Lilienfeld AM, Cohen BH, Westlake JE: Radiation

exposure in parents of children with mongolism (Down's

Syndrome). Johns Hopkins Hosp Bull 117: 374-399, 1965.

6. Uchida IA, Holunga R, Lawler C: Maternal radiation and

chromosome aberrations. Lancet ii: 1045-1049, 1968.

7. Marmol JG, Scriggins AL, Vollman RF: Mothers of mongoloid

infants in the collaborative project. Amer J Obstet Gynec

104: 533-543, 1969.

8 Stevenson AC, Mason R, Edwards KD: Maternal diagnostic

X-irradiation before conception and the frequency of

...c-ngolism in children subsequently born. Lancet ii: 1335-1337,

1970.

9 Alberman E, Polani PE, Fraser Roberts JA, Spicer CC, Elliott M,

Armstrong E: Parental exposure to X-irradiation and Down's

Syndrome. Ann Hum Genet Lond 36: 195-208, 1972.

10. Wald N, Turner JH, Borges W: Down's Syndrome and exposure

to X-irradiation. Annals NY Acad Sci 171: 454-466, 1970.

11. Lowry RB, Miller JR, Scott AE, Renwick DHG: The British

Columbia Registry for Handicapped Children and Adults. Evolutionary

changes over twenty years. Can J Publ Health 66: 322-326, 1975.

12. Trimble BK: Record linkage and genetic registers. In Emery AEH,

Miller-JR (eds): "Registers for the Detection and Prevention

of Genetic Disease". New York: Symposia Specialists for the

National Foundation - March of Dimes. Stratton Intercontinental

Medical Book Corp, 1975, pp.87-101.



19

13. Newcombe HB: Record linking: The design of efficient systems for
linking records into individual and family histories. Amer J
Hum Genet 19: 335-359, 1967.

14. Sources and Effects of Ionizing Radiation. Report of the
United Nations Scientific Committee on the Effects of Atomic
Radiation. Official Records of the General Assembly, Thirty-
second Session, Supplement No.40 (A/32/40). New York, 1977,
pp.432.

15. Proposals for Research in Radiation Genetics. Radiation induced
genetic disease involving losses and gains of chromosomes.
Recommendations prepared by an Expert Group of the Nuclear Energy
Agency-Organization for Economic Co-operation and Development, 1973.

16. US Dept Health, Education and Welfare. Bureau of Radiological
Health. Population dose from X-ray? US 1964. Washington: Public
Health Service No.2001, 1969, pp 99.



APPENDIX I ESTIMATED DOSE PER FILM (INmRADS) WHEN
OVARIES AND UTERUS IN PRIMARY RADIATION BEAM

(RADIOGRAPHIC CATEGORY 1)

AREA OF EXPOSURE

1. Abdomen :

i. IVP
ii. KUB

iii. Barium Enema
(radiographie)

iv. Cholecystography

2. Pelvis:

i. Lumbar spine
ii. Lumbo-sacral

spine
iii. Urethrogram
iv. Cystogram
v. Both hips

vi. Pelvimetry

DOSE/FILM

A.P

70
mrac
per

film

100
mrad
per
film

LATERAL

25
mrad
per

film

60
mrad
per
film

3. Fluoroscopy of abdomen and pelvis
i. to 1964 - 200 mrad/minute

for 5 minutes = 1000 mrad
ii. 1 9 6 5 - 7 0 - 1 0 0 mrad/minute

for 3 minutes = 300 mrad.



APPENDIX II OVARIES AND UTERUS EXPOSED TO CONSIDERABLE

SECONDARY RADIATION (RADIOGRAPHIC CATEGORY 2)

1.

2.

3.

AREA OF

Hip (one

Upper

Upper

G.I

G.I

EXPOSURE

side only)

. (radiographie)

. (fluoroscopic)

70

10

to

DOSE/FILM

mrad

mrad

1964 =

1965-70=

= 20 r
fnr
100

= 10 r
min
min

nrad(min

mrad
irad/
for 3
= 30 mrad



APPENDIX III ESTIMATED DOSE PER FILM (IN niRADS) WHEN
OVARIES AND UTERUS EXPOSED TO MINIMAL
SECONDARY (RADIOGRAPHIC CATEGORY 3)

AREA OF EXPOSURE

1. Skull (including dental)

2. Cervical spine

3. Chest, radiographie

4. Chest, fluoroscopic

5. Thoracic spine

6. Upper extremities

7. Lower extremities

8. Shoulder

9. All others, radiographie
(not listed elsewhere)

10. All others, fluoroscopic
(not listed elsewhere)

DOSE PER
EXAMINATION

4 mrad

2 mrad

8 mrad

71 mrad

9 mrad

1 mrad

0 mrad

0 mrad

92 mrad

9 mrad



APPENDIX IV. ESTIMATED EXPOSURE POSITIONS FOR,EXAMINATIONS
REQUIRING A DIFFERENTIAL CALCULATION OF DOSE

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

AREA EXPOSED

IVP

KUB

Barium enema

Cholecystography

Lumbar spine

Lunibo-sacral spine

Urethrogram

Cystogram

Both hips: 3 films

4 films

Pelvimetry

Combined Abdomen & Pelvis

NUMBER OF

ANTERIOR-

POSTERIOR

100%

100%

100%

number

films - 1

number

films - 2

2/3

100%

number

films - 1

1 film

2 films

50%

50%

FILMS

LATERAL

1 film

2 films

V3

1 film

2 films

2 films

50%

50%


