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THERAPEUTIC ABORTION ON ACCOUNT OF
X-RAY EXAMINATION DURING PREGNANCY

By ERLING HAMMER-JACOB SEN

In recent years X-ray examination of pregnant
women has in some instances been either the sole
or a contributory indication for therapeutic abor-
tion.

Eleven pregnant women had one or more ab-
dominal X-ray examinations during the first three
months of pregnancy. Therapeutic abortion was
later performed in eight cases while three went
to term.

EARLIER STUDIES

It is not intended to make here a complete list
of studies previously published. This was recently,
and most thoroughly, done by M a g n u s s o n
(1955 and 1958), b y G y l l e n s t e e n (1958) and
earlier by M u r p h y (1947).

Previous studies of injury to the foetus due to
irradiation almost exclusively originate from the
use of radiation doses of a quality and quantity
corresponding to those of radiation therapy. For
this reason it is difficult to apply conclusions
drawn from these doses to the comparatively
small doses in diagnostic radiology, and more
animal experiments will be required using diag-
nostic units and with foetal doses ranging from
about one r to 10—20 r.

As the background radiation is about 0.1 r per
annum a foetus after the normal term of preg-
nancy -will have received a presumably harmless
dose of about 0.08 r, which should be considered
in relation to the doses mentioned later.

Animal Experiments.
By exposing pregnant mice to radiation, Rus -

s e l l & R u s s e l l (1950) produced malforma-
tions of the thoraco-lumbar skeleton. The smallest
dose applied was 25 r, and this produced changes.
R u s s e l l & R u s s e l l (1952 and 1956) and
R u s s e l l (1954) proved that the earlier in
pregnancy the radiation was given, the more
malformations would result from such radiation,
and that the period from the second till the sixth
week of human pregnancy is particularly sensi-
tive. As the effect of radiation varies continuously
with the dose, apparently without any threshold,
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the authors are of the opinion that smaller doses
will also cause injury to human beings, in whom
even small defects are recognized. However, doses
less than one r are assumed not to cause visible
injury.

W i l s o n (1954) found retardation of growth
at the rate of one to five per cent when exposing
pregnant rats to radiation with 12.5 r, the smallest
dose hitherto used in animal experiments. With
a dose of 25 r retardation of growth and malforma-
tions of the eyes were produced at the rate of
six to twelve per cent and six per cent re-
spectively.

H i c k s (1954) showed that neuroblasts of
foetuses of rats and mice necrotized after a dose
of 40 r.

T a h m i s i a n & W r i g h t (1958) found that
the incidence of malformations in grasshoppers
increased from 50—80 per cent when the dose
rate was increased from one r/minute to 200
r/minute. The total dose in both instances -was
250 r. For the purpose of radiography with
modern units and short exposures the dose rate
may be, for example, 50—150 r/minute.

The United Nations' report (1958) mentions
that in vitro it has been possible to produce
changes in embryonal neuroblasts by application
of a dose of one rad. The nature of the changes
was not described.

Diagnostic Radiology.
M u r p h y (1929) and G o l d s t e i n & Mur-

p h y (1929 a) discuss a woman who had been
subjected to two retrograde pyelographies, with
several exposures, at her 5th—6th week of preg-
nancy. At the end of term she gave birth to a
mongoloid idiot •who died a few days after
delivery. On a rough estimate the foetal dose is
assumed to have been 5—25 r.

K j e l l b e r g (1942) mentions an instance of
hysterosalpingography in pregnancy. In spite of
the application of 120 ccs. contrast agent the
patient did not miscarry. There is no mention of
the child.

V a l d e m a r M a d s e n (1942), in his material,
mentions a 25-year-old married woman who was
subjected to a hysterosalpingography in 1938,
eight days after her latest menstruation. The
pregnancy had a normal course and the patient
gave birth to a healthy normal term infant.
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B 0 r g e N i e l s e n (1946) mentions two cases
of hysterosalpingography in pregnancy. One com-
pleted her normal term, the other continued
until the eighth month when pregnancy was in-
terrupted during eclampsia. In 1947 the same
author mentions that hysterosalpingography was
performed in four pregnant patients. One of these
aborted, but hardly due to the X-ray examination.
The children are not mentioned, but a follow-up
study together with an estimation of the dose
might be interesting.

H u l t b e r g (1949) mentions a 25-year-old
unmarried woman who twice had her abdomen
exposed to radiation from a photofluorographic
apparatus in the third month of her pregnancy
in order to induce abortion. These exposures were
given by a roentgen technician (the father of the
child) and each exposure lasted about five
minutes during which the woman stood pressing
her abdomen against the roentgen tube. In the
fourth month of pregnancy an X-ray burn of the
abdomen occurred. The patient gave birth to a 15
days premature infant weighing two kilos. The
child, who was followed up to the age of 13
( H u l t b e r g 1959), has an unusually small head.
He is unable to read, and can only express him-
self by sentences of not more than five words
each. It has been recommended that he should
be admitted to a home for imbeciles. There is no
particular somatic disease. The foetal dose has
not been recorded but is assumed to be of the
order of 50—100 r.

K a i s e r & M a r v i n (1957) counted the white
blood corpuscles in 22 newborn children whose
mothers had been subjected to abdominal X-ray
examination in the 8th—9th month of pregnancy
with a foetal dose of 1.5—3 r. No difference was
found in the number of blood corpuscles in
children exposed to X-rays and in the unexposed
ones.

S t e w a r t , W e b b & H e w i t t (1958) carried
out a large and careful investigation of the causes
of leukaemia and cancer in infancy. The mothers
of 1,416 children who died in the years 1953—
1955, under the age of ten, of leukaemia (677
cases) or cancer (739 cases) were interviewed.
The control material was of an identical size. The
total number of children who had died was 1,694
but only 1,416 cases were covered by the study.

A significantly higher frequency of direct foetal
irradiation, virus infections, and threatened abor-
tions, -was found amongst the dead children, and
a high maternal age also seemed to increase the
risk of leukaemia in infancy. Among the dead
children there was also a higher post-natal fre-
quency of X-ray examinations, acute pulmonary
infections, and severe injuries.

In the leukaemia-cancer group 178 (15 per
cent) of the mothers — as against 93 (seven per
cent) of the mothers of the control group — had
been subjected to abdominal X-ray examination
during pregnancy. Eighteen of the 178 X-ray

examinations were performed during the first
half of pregnancy. In the control group the
corresponding figure was only two out of 93.
Even if the material from the first half of preg-
nancy is small, the figures seem to emphasize
the greater risk involved by irradiation in early
pregnancy.

Considering that 86 per cent of the sick infants
died without having been exposed to pre-natal
X-ray irradiation, and that 7 per cent of the
healthy infants had been exposed to irradiation
without subsequent diseases, the irradiation can
only be the cause of some of the cases. It might
be concluded that abdominal X-ray examination
is responsible for 14 per cent less 7 per cent =
7 per cent of leukaemia-cancer cases.

However, one may also make the following
calculation: Out of 565 deaths per annum 40
(7 per cent) should be caused iby abdominal
X-ray examination (mainly pelvimetry and ab-
domen obstetric) in pregnancy. In England
about 12 million X-ray examinations are carried
out per annum at the hospitals ( O s b o r n c &
S m i t h 1956). 0.5—1 per cent of these are
pelvimetry or obstetric examination of the
abdomen = 60,000 to 120,000 per annum. In
Sweden the corresponding figure is 0.4 per cent
(L a r s s o n 1958).

Thus one may estimate that only about V3—2/A
per thousand of these examinations are causing
leukaemia or cancer in the child. This figure
should be compared with the number of lives
saved by the information obtained by these X-ray
examinations. The foetal doses have presumably
been of the order of two to ten r.

In 1958 D e m p s t e r followed-up the children
of 148 mothers in whom pelvimetry had been per-
formed in 1948. Out of 125 children traced 104
were alive and healthy. Among the 21 who died
there were no cases of leukaemia or cancer.

Radiotherapy.
Following radiotherapy several instances of

foetuses injured by radiation — and also a few
normal children — have been reported but the
foetal doses have been of the order of some
hundred r and not at all comparable with diag-
nostic radiology.

R o b i n s o n (1927), G o l d s t e i n & Mur-
p h y (1929a and b), and M u r p h y (1929), re-
port several cases in which mothers had had
abdominal X-ray or radium treatment and then
gave birth to children with various malforma-
tions (microcephaly, hydrocephaly, spina bifida,
strabismus, malformation of cranium and extremi-
ties).

J o n e s and N e i 11 (1944) report on 56
patients who during pregnancy received radium
or X-ray treatment o<f cancer of the uterine cer-
vix. Among the children were found seven
definitely abnormal and 12 definitely normal
ones.
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La c o m me (1931) and H o b b s (1950) re-
port on three normal children after radiotherapy
of the abdomen of the mother in the 2nd—3rd,
4th, and 5th month of pregnancy respectively.

Injury to the foetus has been reported also after
atomic bomb explosions ( Y a m a z a k i , W r i g h t
& W r i g h t 1954), and after experiments with
a n i m a l s w i t h radioactive isotopes ( S i k o v ,
L o f s t r o m & N o o n a n 1958). The doses
have been of the order of 500—1,000 r and are
not comparable with the doses of diagnostic
radiology.

Summing up one can say that we know very
little about possible injuries to foetuses on account
of the small radiation doses in diagnostic radio-
logy. The therapeutic abortions mentioned later
on were thus performed on a very slight basis.

MATERIAL
The present study comprises 11 pregnant

women who were subjected to one or more ab-
dominal X-ray examinations during the first
three months of pregnancy (cf. Table 1).

The X-ray examinations were performed in five
radiological departments in Copenhagen in the
years 1954—1958. The inductions of abortion
were performed in two gynaecological depart-
ments and two surgical departments in Copen-
hagen. Five of the abortions were induced in the
same gynaecological department.

The histories of the 11 patients and the three
children have been studied. For reasons of dis-
cretion the three children were not followed-up
but in a few years it is intended to try to get
further information about the children.

Calculation of foetal dose.
With a view to calculation of foetal dose the

patients' X-ray films have been studied. The
technical data were received from the radio-
logical departments in question: focus-film-
distance, thickness of the added aluminium
filtration of the tube, the tube voltage applied
(kV), tube current (mA), time of exposure (sec)
and the total number of mAs.

Rectal or vaginal dose measurements in patients
of various radiological departments have been
used for the calculations. Some of the measure-
ments have previously been reported ( H a m m e r -
J a c o b s e n 1957 a, b).

The vaginal dose is assumed to be equal to the
dose in the uterus, that is, the foetal dose. In
order to calculate the dose in the uterus in
relation to the rectal dose, measurements have
been made in a paraffin phantom ( H a m m e r -
J a c o b s e n 1957a), and later with Mix D
phantom blocks, at the Radiophysical Laboratory
of the Radium Centre. It is found that the dose
at a depth of 10 cm ("uterus") is two or three
times as large as at a depth of 15 cm ("rectum"),
when using radiation of diagnostic quality.

For the purpose of the calculations the foetal
dose has been assumed to be twice that of the
rectum (antero-posterior projection).

In patients Nos. I, III, IV and VII dose measure-
ments were made with the actual X-ray units that
had been used when these patients were ex-
amined.

There is a very wide scatter of both the
measured and the calculated doses. The mean
value is the most probable dose but one cannot
be certain that the patient in question has not
received the maximum possible dose. The max-
imum possible dose must be decisive when
considering the indication for induced abortion.
The wide scatter may be due to, among other
factors, variable duration of fluoroscopy.

CASE HISTORIES
The cases are presented in the order of the

decreasing size of the calculated foetal dose.

I. 24 years old, married, first pregnancy. Always
regular menstruation. In 1954 the patient underwent
X-ray examination of abdomen, intestinal passage,
2 barium enemas, and intravenous pyelography, 48—•
63 days after last regular menstruation. Foetal dose
is calculated to be 3.7 r (1.1—18.9). The examination
took place during an admission to a surgical depart-
ment.

After discharge the patient was referred to the
Institute of Human Genetics by her physician, with
a view to ascertaining whether the X-ray examinations
performed might be harmful to the foetus. As a
radiologist was of the opinion that the X-ray examina-
tions could not be considered an indication for induced
abortion the patient was allowed to continue to term.

Natural birth at expected date, 2050 g, 45 cm. One
half of the placenta was said to be fibrously trans-
formed. Premature looking child with the following
diseases during the first 3Yz years after birth: 3 weeks
old: strangulated hernia ing. dxt. 3 months old:
strangulated hernia ing. sin. Following this two
pneumonia-type illnesses. From the age of two years
asthma (asthma in the family). EEG at the age of
two years: normal. At the age of two years acute
appendicitis. The child could not sit until it was
eight months old, walk until it was 18 months, or
speak until it was two years old. Not until it was
3V2 years old did it develop and look like other
children of its age. Data available up to the age of
four years.

II. 26 years old, married, two normal deliveries
1953 and 1955. An abortion 1954 in the 3rd month
of pregnancy. During an admission to a medical de-
partment in 1956 the patient underwent X-ray ex-
amination of chest, barium enema, barium meal, in-
testinal passage and cholecystography 21—37 days
after her last menstruation. During a previous preg-
nancy her menstruation had been fairly regular dur-
ing the first months. Bufo test positive. Foetal dose
calculated to be 1.7 r (0.5—6).

The radiological department estimated a foetal
dose of 5—10 r, and as the Institute of Human
Genetics stated that the possibility that the ir-
radiation had injured the foetus could not be
excluded, an abortion was induced about one
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month later. A foetus was not observed, but
microscopy of the scrapings showed: "small
pieces of necrobiotic decidua and villi chorii
covered with a single layer epithelium and with
natural vasofaction. In addition particles of foetal

cartilage and foetal bone as well as other elements
from the foetus are seen: no malignancy."

III. 39 years old, unmarried, first pregnancy. Always
regular menstruation. During admission to a surgical

Table 1.
X-rmj examination during pregnancy.

Case No. (Year)
X-ray examinations

I. (1954).
Abdomen
Intest. passage
Barium enema
Barium enema
I. v. pyelography

II. (1956)
Chest
Barium enema
Barium meal
Intest. passage
Cholecystography

III. (1958)
Barium enema
Cholecystography
Barium meal

IV. (1956)
Lumbar spine
Thoracic spine

V. (1957)
Lumbar spine

VI. (1958)
Lumbar spine
Thoracic spine
Pelvis

VII. (1.958)
I. v. pyelography

VIII. (1958)
Lumbar spine

IX. (1956)
Hysterosalpingography

X. (1957)
Hysterosalpingography

XI. (1957)
Hysterosalpingography

Total mAs
Foetal dose

9

> 9,000 mAs
3.7 r

(1.1—18.9)

?

> 5,000 mAs
1.7 r

(0.5—6.0)

Approx.
2..500 mAs

1.5 r
(0.4—3.0)

Approx.
1,800 mAs

0.6 r
(0.07—1.6)

Approx.
840 mAs

0.4 T
(0.05—1.2)

Approx.
1,020 mAs

0.4 T
(0.07—1.1)

Approx.
1,200 mAs

0.4 r
(0.2—0.5)

Approx.
200 mAs

0.09 r
(0.01—0.2)

Approx.
300 mAs

0.06 r
(0.02—0.2)

Approx.
250 mAs

0.05 r
(0.01—0.1)

Approx.
150 mAs

0.03 r
(0.01—0.08)

No. o£ daya
after last
menstrual

period

48—63

21—37

42—49

58

15—16

14—18
(35)

88

27—21

36
(7)

21
(7—14

35
(11)

Induced abortion
or delivery

Delivery
(normal)

Induced
abortion

Induced
abortion

Delivery
(normal)

Induced
abortion

Induced
abortion

Induced
abortion

Delivery
(normal)

Induced
abortion

Induced
abortion

Induced
abortion

Foetus at abortion

or
child at birth

2,050 g, 45 cm.
9 months' pregnancy.
No malformations.
Half the placenta had undergone
fibrous degeneration.

Micr. exam.: Normal placental tissue.
Foetal cartilage and bone without
malignancy.

Grossly normal. No bony deformities
on X-ray examination.

3,800 g, 53 cm.
9 months' pregnancy.
Lumbar myelocele.

Not examined

Micr. exam, of curettings showed
normal placental tissue. Foetus not
observed.

Grossly normal. Micr. exam, of cere-
bral tissue, placenta and umbilical
cord normal.

2,750 g, 50 cm.
9 months' pregnancy.
Normal child.

Grossly normal. Micr. report has
disappeared.

Not examined.

Not examined.
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department the patient underwent barium enema,
cholecystography, and barium meal, 42—49 days after
latest regular menstruation, and 16—23 days after
a very shortlasting and slight menstruation two days
before scheduled time.

The patient has given the exact dates of coitus
which took place only once every month. On this
account one is in the rare position of being able
to establish with reasonable probability, that the
barium enema was made on the 25th day after
conception, cholecystography on the 31st and
barium meal examination on the 32nd day.

The patient petitioned the Danish Mothers' Aid
Centre (D. M. A. C.) in Copenhagen for a thera-
peutic abortion, as she had read in "Readers
Digest" that an X-ray examination may cause an
abnormal development of the foetus. Further she
stated that as she was 39 years old, she was afraid
of having a mongoloid child, that she lived alone
without any possibility of being married to the
father of the child, and that her financial posi-
tion was difficult. Phantom- and patient-dose
measurements were made with the same X-ray
unit, letting the physician in charge of the
fluoroscopy of the patient make a fluoroscopy of
another patient, and a foetal dose of 1.5 r (0.4—3)
was calculated. The barium enema accounted for
95 per cent of this.

On the basis of these findings the D. M. A. C.
decided to permit the induction of abortion,
attaching about three fourths of weight to the
radiation risk and about one fourth of weight to
the other circumstances. Abortion was induced
in the 16th week. The foetus was 17 cm long
without any malformations. Radiographs of the
foetus show no skeletal malformations. Section-
ing showed nothing macroscopically abnormal.

IV. 26 years old, married, one normal delivery six
years earlier. During treatment at a physiotherapy
clinic for lumbago X-ray examination of the lumbar
spine and thoracic spine was performed 58 days after
her latest regular menstruation. Foetal dose: 0.6 r
(0.07—1.6).

A double lumbo-sacralization was found in the
mother. During the pregnancy the risk of injury
due to irradiation was not considered and induced
abortion was not discussed. Yet the patient is
admitted to this material because of diagnostic
irradiation of abdomen in early pregnancy.

Normal delivery at term, 3800 g, 53 cm. Con-
genital 4 x 5 cm myelocele of the lumbar region.
The myelocele epithelized spontaneously after one
year, but the motor development has been slow
and it is probable that sphincter vesicae does not
function normally. Cranial circumference a couple
of centimetres larger than normal. X-ray examina-
tion of cranium (age: 14 days) shows a peculiar
coarse netting, probably due to lack of calcifica-
tion. The spine seems to be normal, but laminae
are not seen clearly in the region of the third
lumbar vertebra. The child has been in hospital
and treated as an outpatient at a neurosurgical

department. As it has been considered desirable
not to contact the patient, information about the
child after its first birthday is not available.

V. 34 years old, married, one normal pregnancy
three years earlier. Always regular menstruation.
During treatment at a physiotherapy clinic the lumbar
spine was X-rayed 15—16 days after latest regular
menstruation. Foetal dose: 0.4 r (0.05—1.2). 98 days
after the latest menstruation the following statement
was entered in the journal of the physiotherapy clinic,
"The patient turns out to be in the third month of
pregnancy".

The patient was then admitted to a gynaecolo-
gical department and because of the risk due to
irradiation, abortion was induced 138 days after
latest menstruation. Unfortunately the foetus,
measuring 30 cm, was not examined.

VI. 22 years old, unmarried. At the age of 20 an
abortion in the third month. At the age of 21 one
normal delivery. Always irregular menstruation: 8
days/2—6 weeks. During admission to a gynaecological
department the thoracic spine, the lumbar spine and
pelvis were X-rayed because of an earlier diagnosed
onsetting ankylosing spondylitis. The X-ray examina-
tions were made about five weeks after her latest
menstruation of normal duration, and 14—18 days
after a short-lasting (3 days) menstruation. Foetal
dose: 0.4 r (0.07—1.1).

As a gynaecological examination 8 days later
showed uterus of pregnancy consistency and as
the Bufo reaction was positive, evacuatio uteri
was performed 11 days after the X-ray examina-
tions, because of the risk of injury due to irradia-
tion. Foetus was not observed. Microscopy of the
scrapings: "Numerous villi chorii, a few of these
containing small vessels. Also slight remnants of
corpus endometrium with a few glands in the
proliferation stage, and a single flake of decidua
tissue, are observed. No signs of specific inflam-
mation or malignancy".

VII. 22 years old, married, two normal deliveries
four years ago and 10 months earlier. Regular
menstruation. In the third month of pregnancy, 88
days after the latest regular menstruation the patient
was referred, at a scientific follow-up, for intra-
venous pyelography. After two exposures the X-ray
nurse became aware that the patient was pregnant
and the examination was discontinued. Foetal dose:
0.4 r (0.2—0.5).

Three weeks later the patient petitioned the
D. M. A. C. in Copenhagen for a therapeutic abor-
tion on account of a chronic bladder inflamma-
tion and of varicose veins, because it was too
soon after her last child's birth, and on account
of lack of living accomodation. She had tried to
induce abortion by means of pills. On request
the radiological department in question gave the
information that "injury to the foetus in the
above patient can not be left out of consideration
for certain, but the risk is considered to be
slight". At the recommendation of the D. M. A. C.
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abortion was induced on a medical and eugenic
indication in the 18th week of pregnancy.

Foetus measured 33 cm and was autopsied at
the Pathological-Anatomical Institute of the Uni-
versity of Copenhagen. The macroscopic examina-
tion showed natural conditions. On microscopy
of the umbilical cord, both cerebral hemispheres
and the occipital lobe, the brain stem, and medulla
spinalis, nothing abnormal was observed. Micro-
scopy of the placenta showed "flakes of decidua
tissue and homogeneous eosinophilic stained
matter, calcified here and there", otherwise
nothing pathological. P. D.: "Foetal brain tissue
without pathological changes. Placenta tissue
without definite pathological changes, yet show-
ing calcifications. Thus no signs of radiation-
injury".

VIII. 25 years old, married, previously two abortions.
During treatment at a physiotherapy clinic the lumbar
spine was X-rayed 27-—21 days after latest menstrua-
tion. Foetal dose: 0.09 r (0.01—0.2).

In view of the radiation hazard a gynaecologist
stated that he considered induced abortion ab-
solutely indicated. Another gynaecologist and two
radiologists on the other hand stated that there
was no indication for induced abortion. It was
then decided to let the patient complete the preg-
nancy. The patient has not been informed about
the considerations.

Normal delivery eight months and 26 days after
the first day of the latest menstruation. Child
without malformations: 2750 g, 50 cm. Normal
development. Data available up to the age of five
months.

The following patients are three married women
who were exposed to hysterosalpingography at
a gynaecology department with subsequent thera-
peutic abortion at the decision of the gynaecology
department. One might at first think that the de-
partment had considered the possible risk in-
volved by the contrast injection in uterus as well
as the possible radiation hazard; 'but it is stated
that the contrast injection was not taken into
consideration.

IX. 24 years old, first pregnancy. Menstruation
during the last year somewhat irregular, 4—5 days/
4—7 weeks. On account of dysmenorrhoea a hystero-
salpingography was performed 36 days after the latest
menstruation of regular intensity, seven days after a
slight bleeding. Foetal dose: 0.06 r (0.02—0.2). (Six
films without fluoroscopy). Radiological description
(Fig. 1): "A round smooth cavity of the size of a
grape-fruit, in which the right uterine corner may
be discerned, is filled, but the greater part of the
interior of this cavity is filled by a globular, slightly
humpy clearing going from the left side and located
at anterior or posterior wall. Radiological diagnosis:
Pregnancy". Rufo test positive.

In view of the radiation hazard abortion was
induced 11 days after the X-ray examination.
A 15 cm long foetus was delivered, showing
nothing abnormal macroscopically. It is stated

Fig. 1.
Case no. IX. Hysterosalpingography.

Pregnancy.

that tissue was sent for histological examination
but the report of the microscopic examination
has been mislaid.

X. 34 years old, one natural birth 10 years ago.
Referred to a gynaecological department for metror-
rhagia. Menstruations previously regular, but of vari-
able intensity, and at varying intervals the last three
months. Hysterosalpingography was performed about
three weeks after latest menstruation of a moderate
and short-lasting character, 1—2 weeks after a very
faint and short-lasting bleeding. Foetal dose: 0.05 r
(0.01—0.1). The uterine cavity was about 10 cm X
10 cm and there was an oval clearing at the centre
and to the right, almost the size of a hen's egg.
Radiological diagnosis: "I t must be a pregnancy at
about the 3rd month". Subsequently evacuatio uteri
was performed "as the patient by now has got a
rather high X-ray dose". Some abortion tissue which
was not microscopically examined was removed.

XI. 32 years old, two normal deliveries 13 and 6
years earlier. Referred to a gynaecological department
for observation for cancer of the uterus. Irregular
menstruation for two to three months. Hystero-
salpingography was performed 35 days after latest
menstruation of natural intensity, 11 days after a
sparse and short-lasting (lVz days) menstruation.
Foetal dose is calculated to be 0.03 r (0.01—0.08). The
uterine cavity was considerably enlarged with a large
round defect in the right half. Radiological diagnosis:
"Fibroma uteri? Pregnancy?". Bufo test positive.
"In addition it turns out that the patient has had
rubella. On account of this and on account of the
X-ray examination it is thought there must be an in-
dication for induced abortion". Evacuatio uteri was
then performed and foetus and placenta were removed,
but not examined.

It is characteristic of these three patients that
they all had had irregular menstruation and all
were in the second to third month of pregnancy.
They were all gynaecologically examined prior to
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the X-ray examination without their pregnancy
being detected. Further it is paradoxical that the
pregnancy was diagnosed by X-ray examination
and that the pregnancy was then interrupted on
account of the X-ray examination.

Finally, as a curiosity, a case encountered once
by the D. M. A. C. will be discussed. A woman
applied for induced abortion because her husband
had been exposed to several X-ray examinations
in regions near to the gonads. The patient is not
included in the relevant material as the problem
is of a genetic nature and does not directly con-
cern foetal injuries.

43 years old, married, three children 18, 15 and 11
years old, applied to the D. M. A. C. for induced abor-
tion as she thought she was too old to have a child,
and that she was not strong enough. There are three
cases of diabetes and one case of insanity in the
patient's family. After careful investigation the
application was refused.

The application "was renewed and this time she
claimed that her husband had been exposed to
20—30 intravenous pyelographies during recent
years. A gonad dose of 15—40 r was estimated and
the Institute of Human Genetics stated on this
basis that there was an eugenic indication for
therapeutic abortion. A closer investigation re-
vealed, however, that only 12 intravenous pyelo-
graphies and one barium meal examination, to-
gether with two abdominal survey pictures were
undergone. On this basis the application was once
more rejected by the "Naevnet angaende Svanger-
skabsafbrydelse" (Council on Therapeutic Abor-
tion), stating that "one has insufficient basis for
assuming that X-ray doses like those of the present
case may involve obvious risk of serious foetal
injury".

Normal delivery at term. Fully developed child:
3900 g, 52 cm. Normal physical and mental de-
velopment. Information available up till age of
13 months.

DISCUSSION

The aim of the casuistic material produced is
to draw attention to this new indication for thera-
peutic abortion. On the other hand it is not in-
tended to try to either prove or disprove that the
diseases in the children of patients I and IV are
due to X-ray irradiation at the foetal stage.

It is desirable to invite reports on similar cases
and to arrange at the Institute of Human Genetics
a central registration of patients who are exposed
to irradiation during the first half of pregnancy.

Three questions may be raised for discussion:
1) What foetal doses are injurious?
2) Has therapeutic abortion been justified in the

cases submitted?
3) How can irradiation of pregnant women be

avoided?

1. Injurious foetal dose.
R u s s e l l & R u s s e l l (1956) are of the

opinion, as previously mentioned, that doses be-
low one r may be presumed to produce no
measurable adverse effects.

The International Commission on Radiological
Protection 1957 recommends that pregnant women
are not occupationally exposed to irradiation but
that no special precautionary measures need to
be taken if the maximum permissible weekly dose
is not exceeded. For the first four months of
pregnancy this corresponds to a foetal dose of
about one r. (Skin dose: 300 mr/week).

On this basis one might suggest the following
general lines for the first four months of
pregnancy:

Foetal doses of less than about one r, accord-
ing to our present knowledge, are presumed to
cause no noticeable injury, and consequently
provide no indication for therapeutic abortion.

Foetal doses between about one r and about
10 r are assumed, in some instances, to cause
injuries in the form of diseases, malformations,
slow development or reduced resistance, especial-
ly when the irradiation occurs between the second
and sixth week. Doses should be individually
evaluated after measurements with the X-ray units
in question. If there are additional indications,
therapeutic abortion should be assumed advisable.

Foetal doses above about 10 r are assumed to
involve a rather great probability of foetal injury.
In such cases induction of abortion should there-
fore be the general rule.

These limits are thought of as a suggestion for
discussion. The limits are not sharply defined
ones, they should be open for individualizatibn.
More animal experiments with doses ranging from
one r to 10—20 r will perhaps afford a basis for
determination as to whether there is a threshold
dose and establish the dependency between dose
and incidence of disease or malformation. Studies
of larger clinical materials may likewise lead to
more definite rules.

During the last five months of pregnancy it
seems as if the foetus will withstand rather
considerable doses, of the order occurring in
pelvimetry.

If abortion is performed, the foetus should
always be microscopically examined. When birth
follows irradiation of a foetus with doses exceed-
ing about one r the development of the child
should be kept under observation.

2. Has induced abortion been justified in the
cases submitted?

These abortions, induced on account of the
radiation hazard, were performed according to
the "eugenic" indication of the Pregnancy Act:
"Where there is an obvious risk that the child,
on account of hereditary taint, or for reasons of
injury or disease contracted at the foetal stage,
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will be suffering from insanity, imbecility, other
severe mental defects, epilepsy, or serious and in-
curable abnormality or bodily disease".

It appears from the material that there has been
considerable uncertainty as to the evaluation of
the risk and the indication for abortion.

In accordance with the above mentioned pre-
liminary lines one might think that patient No. I
should have had her pregnancy interrupted.
Patient No. IV should also perhaps have had her
pregnancy interrupted, if there were additional
indications. On the other hand it must be agreed
that patient No. VIII should be allowed to continue
her pregnancy.

Regarding the abortions induced it seems that
the indication was reasonable in patient Nr. Ill,
and perhaps also in case No. II. The same applies
to patient No. VII, where the medical indication
seems to have been predominant, and patient
No. VI who was unmarried and had one child.

On the other hand there seems to be no reason
to induce abortion in patients Nos. V, IX, X and
XI. In patient No. XI it should be mentioned, how-
ever, that the patient stated she had had rubella
during pregnancy. However, a specified time or
any verification of rubella is not mentioned.

All cases should perhaps have been submitted
to the D. M. A. C. for decision.

3. How can irradiation of pregnant women be
avoided?

Through the years several authors have warned
against irradiation in early pregnancy. Already in
1935 0 s t e r g a a r d C h r i s t e n s e n stated:
"Considering the very great and disastrous sensi-
tivity to radiation of the young foetus, it cannot
beforehand be left out of question that even diag-
nostic doses may be dangerous when applied to
the female pelvic region during early pregnancy".

In 1958 B r 0 n d s t e d stated: "In the future
it will require an enormous effort of vigilant
control to protect, not only pregnant women, but
also potential mothers, against the radiation
hazards".

As about 4,000 legal abortions are induced in
Denmark per year ( B e r t h e l s e n & 0 s t e r -
g a a r d 1958) the patients mentioned here do
not represent any quantitatively great problem.
But as the problem is fundamental and its treat-
ment may create a precedent it has been found
reasonable to deal with it.

The most important conclusion must therefore
be the necessity for the establishment of a simple
measure of precaution that will prevent irradia-
tion of foetuses in early stages.

As most women in the early part of the period
especially sensitive to radiation (second to sixth
week) may not yet have realised their pregnancy,
R u s s e l l & R u s s e l l (1952) suggest that ir-
radiation of pelvis in women at the reproductive
age should be restricted to the two weeks imme-
diately following menstruation, as during that

time the chance of an undiscovered pregnancy is
but small. After the sixth week there need not
be any doubt of pregnancy and irradiation should
therefore be avoided according to general
practice. This suggestion was mentioned in an
editorial of Ugeskr. Lseger 1956, by B r 0 n d-
s t e d (1956), H a m m e r - J a c o b s e n (1957a),
B u h l (1957), M a r t i n (1957) and D u p o n t
(1958).

In order also to avoid irradiation in women
with ovulation early in the cycle, and with a
special view to the irregularly menstruating pa-
tients mentioned in this material, the following
modification of the suggestion is proposed: —

In fertile women X-ray examination of the
abdomen should be performed only during the
first ten days following a regular menstruation
of normal intensity and duration.

This rule should be introduced as a routine
rule by all radiological departments, practising
radiologists and chiropractors. The physician
referring the patient for X-ray examination should
state the latest date of menstruation in the refer-
ence, and the nurse should check that no more
than ten days have passed.

If the possibility of pregnancy cannot be ex-
cluded, X-ray examination should be avoided or
postponed until the last five months of pregnancy.
Only vitally indicated examinations should be
exempted from this rule.

It might be thought that observation of this rule
would cause too much disturbance in the daily
routine. Against this it must be pointed out that
it affects only about 3 per cent of all X-ray ex-
aminations (male + female). Approx. Vz mill.
X-ray examinations of women are carried out per
year in hospitals and by practising radiologists
( H a m m e r - J a c o b s e n 1958). Through in-
vestigations to be published later it can be cal-
culated that about 30,000 abdominal X-ray examin-
ations of women 15—39 years old (excl. pelvime-
try and abdomen obstetric) are carried out. About
300 of these women are in their first month of
pregnancy.

Approximately every fifteenth reference of a
woman to X-ray examination will involve con-
sideration of Ihe latest menstruation in relation to
the X-ray examination.

Many radiological departments are already ob-
serving this rule where hysterosalpingography is
concerned. Considering this, no inconvenience
should be necessary in trying to have the rule
observed. Even in the largest radiological depart-
ment in Denmark the number of these patients
will hardly exceed ten a day (outpatients + in-
patients) . The problem will in particular concern
outpatients.

CONCLUSION
Very little is known about the possible injurious

effect of small radiation doses on foetuses in early
pregnancy. It will be necessary to carry out more
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animal experiments with foetal doses ranging from
one r to 10—20 r and to follow-up children
exposed to irradiation in the first half of pregnan-
cy.

Irradiation of the foetus should as far as
possible be avoided during the first half of
pregnancy, as long as we do not know more
aibout these matters.

It is suggested that the following rule should
be introduced as a routine: —

In fertile women abdominal X-ray examination
should only be performed during the first ten
days following a regular menstruation of normal
intensity and duration.

If this rule is observed the problem of thera-
peutic abortion on account of X-ray examination
during pregnancy may be avoided in the majority
of cases.

SUMMARY
Previous studies on radiation injury to the

foetus are reviewed. Very little is known about
possible injuries due to the small radiation doses
in diagnostic radiology.

Eleven pregnant women had one or more ab-
dominal X-ray examinations during the first three
months of pregnancy. Subsequently, 8 had thera-
peutic abortion, whereas 3 went to term. The case
histories are reported. The calculated foetal doses
range from 0.03 to 3.7 r (0.01—18.9).

The author makes the following preliminary
suggestions about irradiation during the first four
months of pregnancy: Foetal doses below about
one r do not indicate induction of abortion. Foetal
doses between about one r and about ten r indicate
therapeutic abortion only in the presence of ad-
ditional indications. Foetal doses above about 10
r presumably always indicate abortion.

One of the pregnancies that was carried to term
ought to have been interrupted. Four of the in-
duced abortions ought not to have been perform-
ed.

X-ray examinations of the abdomen should not
be performed during the first four months of
pregnancy.

In order to avoid irradiation in the early stages
of pregnancy, the following routine precaution is
suggested: In fertile women X-ray examination of
the abdomen should be carried out only during
the first ten days after a regular menstrual period
of normal intensity and duration.

I am greatly indebted to Professor Tage Kemp,
the Institute of Human Genetics and Eugenics of the
University of Copenhagen, to chief physician H.
H o f f m e y e r , M0drehja?lpsinstitutionen i K0benhavn
(the Danish Mothers' Aid Centre, Copenhagen), and
to the heads of various anonymous mentioned depart-
ments, for kind permission to publish abstracts from
(.heir case histories.
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