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BACKGROUND: Fetal effects of radiation are associated with the
gestational week of exposure, dose, and duration of exposure, but
the perception of risk of radiation in expecting mothers is greater
than the actual risk of physical effects.

OBJECTIVES: Evaluate the overestimation of the teratogenic risk in
women exposed to radiation and the role of teratological counseling
in minimizing preconceptions.

DESIGN: Analytical, cross-sectional.

SETTING: Tertiary care center, genetic diseases diagnosis center.
PATIENTS AND METHODS: Out of 10784 people who applied for
teratological consultation between 2009 and 2018, pregnant women
meeting inclusion criteria and exposed to radiation were selected as
the study group; pregnant women without radiation exposure were
selected as the control group. Two subgroups of the study group
based on the week and dose of exposure were also analyzed.

MAIN OUTCOME MEASURES: Abortion rate, termination
recommendation rates before and after teratological counseling.
SAMPLE SIZE: 461 pregnant exposed to radiation; 213 pregnant
women without radiation exposure.

RESULTS: Preterm birth and termination rates differed significantly
between casesand controls (P=.038, P=.019, respectively). Termination
recommendation at the first examination was more frequent for both
the week of exposure overall and dose subgroups comparing cases
and controls (P<.001). In the comparison of subgroups by week
of exposure, only the miscarriage rate was statistically significant
(P=.007). After teratological counseling termination decision rates
were significantly decreased (P<.001).

CONCLUSION: Subjective perceptions about the risks of radiation
may lead to the termination of an otherwise wanted pregnancy.
Teratological counseling is crucial for the prevention of termination of
pregnancy, clarifying misinformation, and minimizing anxiety.
LIMITATIONS: With the exception of measurable values as calculated
doses of radiation, the conclusions are mostly derived from medical
records and subjective responses of pregnant women. The termination
rates in our study probably do not reflect the whole population.
CONFLICT OF INTEREST: None.
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gents that cause structural and functional

disorders in the fetus are called teratogens.

Teratogenic agents can be physical, chemical,
biological, infectious, and genetic. Radiation is a
common and a well-known physical teratogen.! It was
only after the Hiroshima and Nagasaki disasters that the
fetal effects of radiation drew attention. The effect on
the fetus is often based on animal studies and the data
from survivors of the atomic bombings.?*

Studies have demonstrated that the effect of radia-
tion on the fetus is associated with the week of gestation
of the exposure, the dose, and the duration of exposure.
The first month of gestation (0-4 weeks) is called the
"all-or-none period” meaning an exposure will either
result in fetal loss or have no obvious effect on embry-
onic development.®? The weeks following the first month
are considered the organogenesis period in which
anomalies are seen. Although some animal studies have
claimed otherwise,** teratogens generally do not cause
fetal anomalies in humans during this first month of ges-
tation.”® Radiation exposure to the gravid uterus is bet-
ter avoided, but up to 50 mQGy is considered to be a
negligible dose by the United States National Council
for Radiation Protection (USNR).? Acute exposure has
mostly immediate effects while chronic exposure has
delayed effects; the radiation effect seems to be higher
in acute exposures. The frequency of fetal abnormali-
ties and abortion tend to increase at doses of 100-150
mGy and above.' The dose in diagnostic X-rays is far
below these values. During pregnancy, the fetus may be
exposed to up to 5 mGy dose of radiation under normal
conditions.?

Pregnant women are often exposed to radiation
due to radiodiagnostic procedures, not knowing that
they are pregnant. More than 3.5 billion radiodiagnos-
tic procedures are performed annually worldwide." In
Turkey, about 80 million radiodiagnostic procedures
were performed in 2018, according to Ministry of Health
data.’? Women of reproductive age reportedly make up
to 22% of society and 45% to 51% of pregnancies are
unplanned.”™ The public, especially pregnant women,
tend to exaggerate the risk of radiation. The the ad-
vice of primary health care specialists on the fetal effects
of radiation exposure often does not coincide with the
scientific facts,’*"” which may lead to misconceptions
among pregnant women. An exaggerated perception of
the harm of radiation can increase the number of termi-
nations of otherwise wanted pregnancies.” Teratologjical
counseling is a practical, low-cost, and convenient pub-
lic health service in relieving the concerns and anxiety of
pregnant women and preventing unnecessary termina-
tion after diagnostic radiation exposure.”
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There are numerous studies on the fetal effects of
high-dose radiation. To the best of our knowledge, this
is the first study evaluating the perception of the effects
of radiation exposure, the effects of diagnostic radia-
tion exposure on the fetus and the role of teratologjical
counseling in a Turkish population. The aim of the study
was to evaluate the subjective risk perception of radia-
tion in Turkish women exposed to radiation, pregnancy
outcomes, and the role of teratological counseling in
minimizing this perception.

PATIENTS AND METHODS

From among 10784 pregnant women who applied
for teratological consultation and whose follow-up
were completed, 2844 women exposed to radiation
were chosen for the study. Information was gathered
from the patient files and evaluated. Pregnant women
who met the criteria were selected as the study group.
The control group was selected among pregnant
women who applied for teratological counseling
and did not have a history of radiation and obvious
teratogen exposure in pregnancy. The study was
conducted in accordance with the principles expressed
in the Declaration of Helsinki. The institutional review
board approved the study protocol with the decision
number 12.06.2020/2433. Signed informed consent
was obtained from all participants at the time of
teratological consultation.

The study group was selected from pregnant wom-
en referred to our center for teratological counseling,
who were exposed to radiation for diagnostic pur-
poses, but were not aware of their pregnancy at the
time of exposure. Exclusion criteria were conditions
with proven teratogenic effects such as exposure to
high-dose radiation due to radiotherapy, I-131 used for
therapeutic purposes, and the presence of any chronic
disease (diabetes mellitus, hypertension, epilepsy, etc.),
TORCH group infections, active and/or history of to-
bacco, alcohol, and substance use. Pregnant women
using C, D, X risk group drugs (isotretinoin, warfarin,
valproic acid, and others) according to the US Food and
Drug Administration pregnancy risk category were also
excluded from the study.

The study group was further evaluated by two
subgroups according to the gestational week of
radiation exposure (first month (0-4 weeks) and after the
first month (4.1-28 weeks) and according to exposed
dose (<5 mGy and >5 mQy). Gestational age was
determined by ultrasound imaging by an obstetrician-
gynecologist. The fetal radiation dose of all subjects was
calculated by a medical physicist in our hospital using the
formula by Ozbayrak et al.’® Teratological consultation
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Table 1. Characteristics of the pregnant women included in the study (n=674).

Study group Control group
(n=461) (n=213) el
Age (years),
mean (standard 31.7 (5.6) 31.6 (5.8) 773
deviation)
Pregnancy plan
Unplanned 448 (97.2) 203 (95.3)
213
Planned 13 (2.8) 10 (4.7)
Assisted
reproductive 10 (2.2) 3(1.4) 764
techniques
Type of delivery?
Cesarean 232 (56.7) 127 (65.1)
delivery .038
Normal 177 (43.3) 66 (31)
Recommendation
of termination 240 (52.1) 3(1.4) <.001

by first-contact
physician

Data are number (%). *Denominator, number of live births (n=409 in study group and 195 in control

group).
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Table 2. Pregnancy outcomes.

Study Control
group group P value
(n=461) (n=213)
Live births? 409 (88.7) 195 (91.5) .255
Prematurity 33(7.2) 6(2.8) .039
Congenital 19 (4.1) 5(2.3) 351
anomaly
Miscarriage 21(4.8) 10 (4.7) .999
Medical
curettage 7 (1.5) 5(2.3) 657
Termination 24 (5.2) 3(1.4) .019

Data are number (%). “Live births include prematurity and congenital
anomalies.

is given with a written report by a team of physicians
specialized in medical genetics. This report consists
of the information gathered from pediatric geneticist,
medical geneticist, obstetrician-gynecologist, radiologist
and physicist. The technical information required for
fetal radiation dose calculations was obtained from the
radiologist where the radiological screening was done.
The babies were examined by a pediatric genetics
specialist. The control group was selected from among
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healthy pregnant women who applied to our center
either by the recommendation of their physician or by
their own will. The control group may have been using
pregnancy risk category A/B medications, or cosmetic
procedures such as laser hair removal and who were
not exposed to radiation for diagnostic or therapeutic
purposes during pregnancy.

All statistical analyzes were performed using the IBM
SPSS program (version 25.0 for Windows, (Armonk,
New York, United States: IBM Corp). Continuous
variables with normal distribution were expressed as
mean and standard deviation, the chi-square test of
independence was used in the analysis of categorical
data. Percentages were used to express categorical
values. The t test was used for the measurement of
normally distributed numerical data. Results were
considered statistically significant at a 95% confidence
interval and with a P value of <.05.

RESULTS

Of the 2844 women who were exposed to radiation, we
selected 461 pregnant women aged 17-47 years of age
(mean [SD], 31.7 [5.6] years) for the study group. The
control group consisted of 213 pregnant women aged
18-46 (31.6 [5.8]) years who had not been exposed to
radiation. Most of the babies (56.7%) were delivered
by cesarean section (Table 1). The gestational age
at which pregnant women were exposed to radiation
ranged from 2-182 days (mean [SD] 31.7 [21.4] days).
The gestational age at the time of admission to the
24-206 days (mean [SD] 65.5
[27.3] days). Figure 1 shows the distribution of pregnant

outpatient clinic was

women in the study group according to the referring
institute and location of the first-contact physician who
made the referral with a suggestion or no suggestion
of termination. Although the pregnant women who
applied to our center referred from private clinics were
the lowest in number (13%), they held the highest rate
of termination recommendation (73.3%).

The range and mean (SD) of calculated fetal
doses was 0.1-10.3 mGy (0.68 [1.30]) for the study
group. Twenty-three percent (n=106) had multiple
radiological imagings. Termination advice according to
imaging modalities is shown in Figure 2. Termination
of pregnancy was suggested to 240 (52.1%) women
exposed to radiation and 3 (1.4%) women in the
control group at first examination (P<.001). The list
of diagnostic radiological procedures is given in the
Supplemental Table 1. While there was no statistically
significant difference in the number of miscarriages,
medical curettage and congenital anomalies between
the study and the control groups, terminations (P=.019)
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Figure 1. Distribution of referred pregnant women with
and without recommendation of termination by referring
institute (n=461).
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Figure 2. Termination rates per radiodiagnostic method
with and without recommendation of termination.

and premature births (P=.039) were significant (Table
2). The distribution of the anomalies between the study
and control groups is shown in Supplemental Figure 1.

Out of 461 women in the study group, 239 (51.8%)
were exposed to radiation in weeks 0-4 of gestation
and 222 (48.2%) were exposed after 4 weeks of
gestation (4.1-28 weeks). When the exposed dose was
considered, 330 women (71.6%) were exposed to <5
mGy dose and 131 (28.4%) were exposed to >5 mGy
dose. No significant difference was found in number
of births with congenital malformation, number of
premature births, abortions, medical curettage, and
termination (P>.05) between high-dose (>5 mGy) vs low-
dose (<5 mGy) groups. While there was no difference
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in the first month of pregnancy (0-4 w) in terms of
congenital malformation, medical curettage, premature
birth, and termination (P>.05); a statistically significant
difference was found in the frequency of miscarriage
(P=.007). Termination recommendation at the first
examination was significant for both of the exposed
week and exposed dose subgroups (P<.001) (Table
3). In all cases to whom termination was suggested,
the number of pregnant women who had termination
after teratological counseling was significantly lower
than the number of those who decided to continue the
pregnancy (P<.001).

DISCUSSION

The extent of radiation exposure that is hazardous
depends on the radiation dose absorbed, the type of
radiation, and the affected organ or tissue. The two
generaltypesofbiological effects are either deterministic
or stochastic. Teratogenic effects are deterministic and
the severity is associated with the dose, duration and
week of exposure.’” High-dose radiation exposure has
been reported to cause an increase in the frequency of
microcephaly, developmental delay, preterm birth, and
abortion in the fetus.>? No effects of low-dose radiation
have been observed in humans.”?° Many health care
providers have inadequate information regarding
the teratogenic effects of radiation. Teratological
counseling is of crucial importance and should be
encouraged for supporting both maternal and neonatal
wellbeing. To the best of our knowledge, this is the
first study evaluating fetal outcomes of diagnostic
radiation exposure, risk perception of both physicians
and pregnant women, and the role of teratological
counseling in minimizing this perception in the Turkish
population.

The perception of radiation risk in expecting mothers
is greater than its actual effects during pregnancy. In our
study, according to the responses of pregnant women,
termination of pregnancy was recommended at the
first examination before the teratological consultation
in 52.1% of the pregnant women in the study group.
The high rate of termination recommendation to
our study group at first examination may result from
incorrect interpretation of the literature or inadequate
information about the risk of radiodiagnostic
procedures during pregnancy. Most of the termination
suggestions were made for multiple images and for CT
scans. This may be due to the physicians’ tendency to
avoid risks and engage in self-protective behavior to
avoid malpractice. Although the number of pregnant
women who applied to our center were referred from
private clinics was the lowest, they had the highest rate
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Table 3. Subgroup (radiation-exposed week and dose) comparisons in the study group (n=461).

Radiation exposed week

Radiation exposed dose

_ 4.1-28 w <5 mGy >5 mGy

0-4 w (n=239) (n=222) P value (n=330) (n=131) P value
Live birth 205 (85.8) 204 (91.9) .054 291 (88.2) 118 (90.1) 677
Prematurity® 14 (5.9) 19 (8.6) 346 22 (6.7) 11 (8.4) .653
Congenital
anomalyb 11 (4.6) 8 (3.6) 761 12 (3.6) 7 (5.3) .567
Miscarriage 17 (7.1) 4(1.8) .007 15 (4.5) 6 (4.6) .001
Medical
curettage 3(1.3) 4(1.8) 716 6(1.8) 1(0.8) 679
Termination 14 (5.9) 10 (4.5) .657 18 (5.5) 6 (4.6) .882
Recommendation
of termination 105 (43.9) 135 (60.8) <.001 141 (42.7) 99 (75.6) <.001

by first-contact
physician

Data are number (%). **Denominator, number of live births.

of termination recommendation. After teratological
consultation, the number of pregnant women who
terminated their pregnancies (24 out of 240) were
significantly lower than those who continued to their
pregnancies. These results demonstrate the impact of
teratological counseling.

Overestimating the radiation risk for pregnant
women is a common problem among health care
providers. According to published information, 40%
of primary care physicians and 70% of obstetricians
suggested termination.?’ Another study states that
20% of the specialists and 30% of the primary care
physicians had insufficient knowledge about radiation,
and unfortunately, overestimated the risk by the
following rates: for plain radiography; 38% of primary
care physicians, 22.9% of obstetricians, and for CT scan;
63.2% of family physicians and 75.9% of obstetricians.'

The cesarean delivery rates in our study were
similar to the data of the Turkish Ministry of Health'? in
the whole group and were higher than that reported
in the literature.??? The rates between groups were
statistically significant (P=.038). Although there has
been a fall in rates of unintended pregnancy in Europe
and US,% in our study, this rate was 97%, considerably
higher than any reported to date.

When the pregnancy outcomes were compared
between groups, there was a significant difference in
premature births and termination rates. Previous studies
have reported that the rate of termination was increased
in pregnant women exposed to diagnostic radiation."?°
The estimated rate of pregnancy termination between

2010-2014 was 35 per 1000 women ages 15 to 44,%
with lower rates in North America,?® northern and
western Europe.?

According to World Health Organization, the rate
of preterm birth ranges from 5% to 18% of babies
born (https://www.who.int/news-room/fact-sheets/
detail/preterm-birth). The rates differ by country.?®
The results for our study for the rates of pregnancy
termination and preterm birth were 1.4-5.2% and 2.8-
7.2%, respectively. In the all-or-none period (0-4 w), a
statistically significant difference was found in terms of
miscarriages and termination recommendation at the
first examination between the case and control groups.
When the prenatal effects of diagnostic radiation were
considered, there was an increase in spontaneous
abortion rates, and this increase may be associated
with the extent of follow-up periods and exposure
to radiation in early pregnancy.?® When the pregnant
women in exposed dose subgroups were analyzed, a
statistically significant difference was found only in terms
of termination recommendation (P<.001). The fetal
dose calculated in the study group was 0.68 [1.30] mGy.
This value is in the safe range according to USNR. No
significant difference was observed between radiation
subgroups in terms of congenital anomalies. The rate
of anomalies in the group exposed to more than 5 mGy
radiation is slightly higher than expected. Although
these abnormalities are not related to radiation effects
and this result is not statistically significant, previous
literature indicate that some eye anomalies® and
reduced head circumference® occurred following low-
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dose radiation exposure.

Studies have reported that fear and anxiety
increase the risk of termination of an otherwise wanted
pregnancy. The public, especially pregnant women,
often tend to overestimate the risk associated with
radiation. This tendency may have resulted from the
“Pregnant women should not enter” warning sign on the
entrance gate of the radiography rooms, contradictory
information about radiation on the internet, and risk
assessment incompatible with scientific facts at the first
examination.™

In addition to the recommendation of the first
contact physician for termination of pregnancy without
any medical indication, factors such as an unplanned
pregnancy, emotional pressure on pregnant women by
close relatives, and unwillingness of spouses to take
risks may also have a role in the termination decision.
Termination rates increase due to the concern of birth
defects in pregnant women exposed to diagnostic
radiation.” Most of the pregnant women who
applied to our center had intense fear and anxiety for
birth defects in their babies, regardless of common
pregnancy concerns prior to counseling. Teratogenic
risk perception was high even in safe exposures, and
it is very difficult to change it even with solid evidence.
However, after teratological counseling, the ratio of
terminated pregnancies was statistically significantly
lower compared to the rate of continued pregnancies as
reported in the literature.** Teratological counseling is
effective in preventing abortions based on groundless
anxieties and risk assessment is necessary to understand
the outcomes of teratogen exposure.®*3

The study has several strengths. First, compared to
other observational studies demonstrating the effects
of low-dose radiation, our study includes a control
group. The other strength of our study is that the
study group is evaluated together in terms of exposed
dose and the week of exposure. The study addresses
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the correct management of the risk perception due
to radiation exposure during pregnancy in healthcare
professionals and pregnant women by ensuring the
correct interpretation of dose and time dependent
effects of radiation. The study also underscores the
impact of proper teratological counseling to reduce
risk preconception. The collaboration of healthcare
professionals with genetic counselors in this regard
will provide comprehensive care for pregnant women.
A limitation of our study is that the information
obtained from pregnant women is based on recall. The
rates found in our study would not reflect the whole
population.

In conclusion, the association between radiation
exposure and the termination decision of otherwise
wanted pregnancies is a public health problem. The
most important concern of the parents is having a baby
with serious birth defects. The obstetrician’s concerns
are the patient's well-being, reducing the risk for
the patient, and avoiding malpractice. Teratological
counseling will act as an interface to reduce this pressure
on the physician and family in avoiding misconceptions
and unnecessary terminations. Societal norms, fear of
having a diseased child, defensive medicine, and poor
knowledge of teratogenicity are a societal problem.
Increasing the number of centers for teratological
counseling, training physicians, and also increasing
the knowledge of the public by providing fact sheets
or informative meetings and by using telemedicine
will be among steps to take in the future. We believe
that increasing the awareness of teratogenic effects
of radiation in developing countries is of paramount
importance.
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Table S1. Diagnostic radiological procedures.

Diagnostic radiological

procedures L )
Multiple x-ray views 106 (23)
Chest x-ray 93 (20.2)
Abdominal x-ray 41 (9)
Cranial CT 39 (8.4)
Dental x-ray 31(6.7)
Extremities x-ray 26 (5.6)
Abdominal CT 18 (3.9)
Lumbar x-ray 17 (3.7)
Paranasal sinus CT 17 (3.7)
Maxillary sinus graphy 15(3.3)
Thorax CT 10 (2.2)
Mammography 8(1.7)
Cervical x-ray 7 (1.5)
Pelvic CT 6(1.3)
Temporal CT 5(1.1)
Other methods 22 (4.7)
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Figure S1. The distribution of anomalies in the study and control groups
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