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ABSTRACT
Fetal sensitivity to radiation-induced health effects is related to gestational age, and it is highly dependent on fetal

dose. Typical fetal doses from diagnostic radiology are usually below any level of concern. Although rare, significant
fetal radiation doses can result from interventional medical exposures (fluoroscopically guided techniques), radiation
therapy, or radiological or nuclear incidents, including terrorism. The potential health effects from these large radiation
doses (possibly large enough to result in acute radiation syndrome in the expectant mother) include growth retarda-
tion, malformations, impaired brain function, and neoplasia. If exposure occurs during blastogenesis (and the embryo
survives), there isa lowrisk forcongenital abnormalities. (Inall stagesofgestation, radiation-inducednoncancerhealth
effects have not been reported for fetal doses below about 0.05 Gy [5 rad].) The additional risk for childhood cancer
from prenatal radiation exposure is about 12% per Gy (0.12%/rad) above the background incidence.

(Disaster Med Public Health Preparedness. 2011;5:62-68)
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Pregnant women are often and understandably anx-
ious about the health effects of environmental ex-
posuresonthefetusandparticularlyconcernedabout

exposuretoradiation.Unfortunately,manyinthemedical
communityareunfamiliarwiththetopic(aswasabundantly
clear following the Chernobyl nuclear power plant event
in 1986, when many European women had abortions on
theadviceof theirphysicians, althoughthe fetal radiation
dosestothesepatientswerefarbelowanylevelofconcern).1

This lack of understanding may lead clinicians to provide
poor advice and may leave patients confused and fearful.

Because radiation sources are ubiquitous in nature (eg, ra-
don, cosmic radiation), all humans are exposed to a small
amount of natural background radiation (approximately
0.36 rem or 0.0036 Sv/y on average).2 (For a brief review
of ionizing radiation, visit http://www.remm.nlm.gov
/remm_RadPhysics.htm.) In addition to natural back-
ground radiation, radiation doses to the fetus are typi-
cally low, usually the result of diagnostic medical
procedures3 or occupational radiation exposures within the
regulatory limits set by the US Nuclear Regulatory Com-
mission (NRC) of 5 rem (0.05 Sv) per year for workers
who have not declared themselves pregnant and 0.5 rem
(0.005 Sv) for declared pregnant workers during the en-
tire pregnancy.4 (For more information on women’s oc-
cupational health, visit http://www.cdc.gov/niosh/topics
/women.) Nevertheless, some radiation incidents could
expose an expectant mother to doses large enough to be
of health concern. Interventional medical procedures (eg,
“procedures comprising guided therapeutic and diagnos-
tic interventions, by percutaneous or other access, usu-
ally performed under local anesthesia and/or sedation, with

fluoroscopic imaging used to localize the lesion/
treatment site, monitor the procedure, and control and
document the therapy”),5 radiation therapy,3 or a nuclear
or radiological incident (including terrorism)6 could re-
sult in the fetus receiving high doses of radiation.

Thehealthconsequencesofhighradiationdoses toanem-
bryo or fetus (possibly large enough to result in acute ra-
diation syndrome in the expectant mother) can result in
intrauterine fetal demise. Even at doses too low to affect
the mother immediately, radiation consequences can in-
clude growth retardation, gross congenital organ malfor-
mations (including microcephaly, hydrocephalus, poren-
cephaly, skull malformations, hypoplastic genitalia, cleft
palate,hypospadius, eyedefects, skeletaldefects, andneu-
rologicalandmotordeficiencies),7 impairedbrainfunction,
and cancer.3,8-16

In an attempt to assist clinicians in treating patients who
have been exposed to radiation, the Centers for Disease
Control and Prevention has produced a variety of prod-
ucts, including fact sheets, satellite broadcasts, videos, and
CD-ROM training materials (available at http://www.bt
.cdc.gov/radiation/toolkit.asp). One product under de-
velopment is an all-encompassing reference handbook and
self-study guide to be entitled “Clinical Response to
Nuclear and Radiological Incidents Including Terror-
ism,” which will contain a chapter on prenatal radiation
exposure. The present article summarizes that chapter, pro-
viding clinicians with background information regard-
ing prenatal radiation exposure. The article is intended
as an aid in counseling pregnant patients who have been
exposed to radiation.
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REVIEW OF FETAL DEVELOPMENT
A conceptus develops in 3 distinct stages. These are described
in Table 1.

CHEMICAL TOXICITY TO THE FETUS FROM
RADIONUCLIDES
In almost all cases, the toxicity of the radioactive isotopes of
an element derives from the radiation emitted, not from the
chemical properties of the element. For example, an ingested
amount of only 100 µg of a common isotope such as cesium
137 could deliver a lethal radiation dose, but this would be far
too little mass of cesium to be chemically toxic.17 For an iso-
tope such as polonium 210, it would require a factor of 1000
less mass to give a lethal dose from the radiation than from
the chemical toxicity.18-20 The rare exceptions to this principle
are for such isotopes as uranium 238, with a half-life greater
than 1 billion years.21 Only in those cases of extremely long
half-lives are the toxic chemical properties of an element of
greater significance than the toxicity due to its emitted radia-
tion. Such long-lived radionuclides have the additional chal-
lenge (depending on their chemical form) of crossing the pla-
cental barrier in quantities sufficient to be of concern to the
fetus. (Only 1.8% of uranium reaching maternal blood will
cross the placental barrier.)22

ESTIMATING THE RADIATION DOSE TO THE EMBRYO
OR FETUS
Adverse health effects in the fetus depend on the fetal radia-
tion dose and the gestational stage at the time of exposure. The
fetal dose and gestational age must therefore both be esti-
mated before potential health effects can be assessed.

Fetal dose estimations from medical exposures to pregnant
women, as calculated in detail by Russell et al,23 are found in

the International Commission on Radiological Protection pub-
lication 84, Pregnancy and Medical Radiation.3 As shown in
the first 2 tables of that publication,3 typical fetal doses from
diagnostic radiology or diagnostic nuclear medicine rarely ex-
ceed 0.025 Gy (2.5 rad) for a single procedure (including a pel-
vic computed tomographic scan). Fetal doses below 0.05 Gy
(5 rad) are considered to be low-risk exposures for which the
potential risks to the fetus are likely outweighed by the benefit
to the mother.

In radiotherapy (or interventional medical procedures), the dose
to the fetus is dependent largely on the distance of the fetus
from the radiation field. In addition, the dose to the mother
from an interventional medical procedure can vary broadly, de-
pending on the duration of the procedure.5 Thus, there are no
typical fetal doses from radiation therapy or interventional pro-
cedures to the mother. For example, fetal doses for a typical treat-
ment regimen for brain cancer are in the magnitude of 0.03 Gy
(3 rads), whereas for anterior and posterior mantle treatments
of the chest for Hodgkin disease, they can be as much as 0.4 to
0.5 Gy (40-50 rad).3 Doses for other interventional or thera-
peutic procedures may exceed the doses cited here and preg-
nant patients should discuss any risk to the fetus with their health
care providers.

Resources for Fetal Dose Estimation
Therefore, for radiotherapy, as well as for nonclinical nuclear or
radiological exposure incidents (including terrorism) in which fe-
tal doses can range from no exposure to 100 Gy (10 000 rad), cli-
nicians should consult with experts in radiation dosimetry about
fetal dose estimation. Hospital medical physicists and health physi-
cists are good resources for radiation dose estimation. In addi-
tion, in the United States, the Conference of Radiation Control
Program Directors maintains a list of state radiation control/

TABLE 1
Review of Fetal Development

Stage of Gestation
Time

Postconception Substage Description

Blastogenesis Up to 2 wk — Approximately 5-7 d after conception, the blastula implants itself into the wall of the
uterus, allowing connections between the mother and the embryo to form, including
the umbilical cord. The embryo’s growth will center around an axis, which will
become the spine and spinal cord.

Organogenesis 2-7 wk — The brain, spinal cord, heart, and gastrointestinal tract begin to form. Brain activity will
show at about the 6th wk. The heart will begin to beat and blood will start to flow at
around the same time. Limb buds will appear and bones will begin to form.

Fetogenesis 8-38 wk — Miscarriage is much less likely in this stage than during the previous stages.
8-15 wk Male and female genitalia become apparent. Tooth buds appear and the limbs become

long and thin. At this stage, red blood cells are produced in the liver. The majority of
red blood cells are made later in gestation (at 21 wk postconception) by the bone
marrow. The first measurable electrical activity in the brain occurs in the 12th wk.

16-25 wk The fetus has increased muscle development. Alveoli form. The respiratory system has
developed to the point at which gas exchange is possible. The nervous system
develops enough to control some bodily functions. The thyroid becomes hyperactive.

26-38 wk Body fat rapidly increases. Lungs become fully mature. Thalamic brain connections,
which mediate sensory input, form. Bones are fully developed, but are still soft
and pliable.
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radiation protection contact information at http://www.crcpd.org
/Map/map.html. The American Board of Health Physics main-
tains a listing of active certified health physicists at http://www
.hps1.org/aahp/members/members.htm, and the American Board
of Medical Physicists maintains a list of diplomates in medical phys-
ics specialties at http://www.abmpexam.com. Clinicians should
contact these or other radiation protection organizations for as-
sistance in estimating fetal radiation dose.

POTENTIAL NONMALIGNANT HEALTH EFFECTS OF
PRENATAL RADIATION EXPOSURE
Table 23,8-16 summarizes potential noncancer health risks of pre-
natal radiation exposure. This table can assist clinicians in un-
derstanding the potential harm that can result from high ex-
posures to radiation and in providing care to pregnant women

who may have been exposed to radiation (recommendations
in individual cases should be made in consultation with a hos-
pital medical physicist or health physicist). The indicated doses
and times postconception, or gestational age, are approxima-
tions.

Failure to Implant
Failure of a blastocyst to implant in the uterine wall is a com-
mon occurrence. Even in the absence of radiation exposure,
implementation failure is on the order of 30% to 50%. After
the embryo implants, however, the miscarriage rate decreases
to about 15% for the remainder of the pregnancy. The cells then
begin to differentiate into various stem cells that eventually form
all the organs in the body.8-10,12

TABLE 2
Potential Health Effects (Other Than Cancer) of Prenatal Radiation Exposure

Acute Radiation Dose*
to the Embryo/Fetus

Time Postconception

Blastogenesis
(up to 2 wk)

Organogenesis
(2-7 wk)

Fetogenesis

(8-15 wk) (16-25 wk) (26-38 wk)

�0.05 Gy (5 rad)† (range of
most diagnostic exams)‡

Noncancer health effects not detectable by current diagnostic procedures

0.05-0.50 Gy (5-50 rad) • Incidence of failure
to implant may
increase slightly,
but surviving
embryos will
probably
have no significant
(noncancer)
health effects3,8,12

• Incidence of major
malformations may
increase slightly8-10

• Growth retardation
possible3,13,14

• Growth retardation
following acute
exposures
possible3,13,14

• Reduction in IQ
possible (up to 15
points, depending
on dose)3,8-16

• Incidence of severe
mental retardation
up to 20%,
depending on
dose3,8-16

Noncancer health effects unlikely§

�0.50 Gy (50 rad) (The
expectant mother may be
experiencing acute
radiation syndrome
in this range, depending
on her whole-body dose)

• Incidence of failure
to implant will likely
be large� depending
on dose, but
surviving embryos
will probably have
no significant
(noncancer) health
effects3,8,12

• Incidence of
miscarriage may
increase, depending
on dose8-10

• Substantial risk of
major
malformations,
such as
neurological and
motor
deficiencies3,13,14

• Growth retardation
likely3,13,14

• Incidence of
miscarriage
probably will
increase, depending
on dose8-10

• Growth retardation
likely3,13,14

• Reduction in IQ
possible (�15
points, depending
on dose)3,8-16

• Incidence of severe
mental retardation
�20%, depending
on dose3,8-16

• Incidence of major
malformations will
probably
increase3,13,14

• Incidence of
miscarriage may
increase, depending
on dose8-10

• Growth retardation
possible, depending
on dose3,13,14

• Reduction in IQ
possible, depending
on dose3,9-16

• Severe mental
retardation
possible, depending
on dose3,9-16

• Incidence of major
malformations may
increase3,8,11

• Incidence of
miscarriage and
neonatal death will
probably increase,
depending on
dose8-10¶

This table is intended only as a guide. The indicated doses and times postconception are approximations.
*An acute dose is delivered in a short time (usually minutes), whereas fractionated or chronic doses are delivered over time. For fractionated or chronic doses, the health effects to the

fetus would, in general, be expected to be less severe than what is depicted here for the same total dose.
†The referenced absorbed dose levels in this article are assumed to be from beta-, gamma-, or x-radiation. Neutron or proton radiation produces many of the health effects described

herein at lower absorbed dose levels.
‡For example, 1 pelvic x-ray results in about 0.1 rad to the fetus, whereas 1 pelvic computed tomographic scan results in about 2.5 rad to the fetus. Occupational radiation exposures

within regulatory limits also result in a fetal dose in the low dose range. Interventional medical procedures, radiation therapy, or nuclear or radiological incidents (including terrorism)
could result in a fetal dose in any of these ranges.3

§Some researchers suggest that a small possibility exists for impaired brain function above 0.10 Gy (10 rad) in the 16- to 25-week stage of gestation.11 However, most researchers
agree that after about 16 weeks of gestation, the threshold for congenital effects in the human embryo or fetus is approximately 0.50 to 0.70 Gy (50-70 rad).3,8-10,12-16

�A fetal dose of 1 Gy (100 rad) will likely kill 50% of the embryos. The dose necessary to kill 100% of human embryos or fetuses before 18 weeks’ gestation is about 5 Gy (500 rad).3,8-16

¶For adults, the LD50/60 (the dose necessary to kill 50% of the exposed population in 60 d) is about 3 to 5 Gy (300-500 rad) and the LD100 (the dose necessary to kill 100% of the exposed
population) is around 10 Gy (1000 rad).
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During blastogenesis, the embryo is comprised of only a few cells.
Damage to a single cell, the progenitor of many other cells, can
cause the embryo’s death, and the blastocyst will fail to im-
plant in the uterus. This can occur at doses above 0.5 Gy (50
rad). Embryos that survive radiation exposure during blastoge-
nesis likely will not have been damaged by that radiation ex-
posure at all and, consequently, will have low risk of congeni-
tal abnormalities.3,8,12

Growth Retardation
Ionizing radiation can interfere with the development of the
central nervous system or other major organ systems. In addi-
tion, atomic bomb survivor data show that a fetus exposed to
high doses of radiation may experience permanent retardation
of physical growth, and the likelihood increases with increas-
ing dose (due to cell death), particularly above 1 Gy (100 rad).

This growth retardation is most pronounced when the expo-
sure occurs in the first 13 weeks postconception, due to the criti-
cality of cellular activities and the high proportion of radiosen-
sitive cells. When the dose is greater than 1 Gy (100 rad), about
a 3% to 4% reduction of height is evident at age 17 years.3,13,14

Brain Damage
Radiation may significantly affect global brain development in
a fetus exposed at 8 to 25 weeks postconception. This is due
to neuron loss during the important stages of neuronal
migration.

Brain Damage in the 8 to 15 Weeks Gestational Period
Atomic bomb survivor data indicate that exposures at this stage
result in an average intelligence quotient (IQ) loss of approxi-
mately 25 to 31 points per Gy (100 rad) above 0.1 Gy (10 rad).

TABLE 3
Estimated Risk for Cancer From Prenatal Radiation Exposure

Radiation Dose
Estimated Additional Childhood

Cancer Incidence, %*†‡
Estimated Additional Lifetime§ Cancer
Incidence, % �¶ (Exposure at Age 10)

0.00-0.05 Gy (0-5 rad; this is the range of most diagnostic exams)# 0.0-0.6 0-2
0.05-0.50 Gy (5-50 rad) 0.6-5.6 2-17
�0.50 Gy (50 rad; the expectant mother may have experienced acute

radiation syndrome following an exposure in this range, depending
on her whole-body dose)

�5.6 �17

*The background incidence of childhood cancer (onset up through age 15) is 0.3%.3

†Data published by the International Commission on Radiation Protection.3

‡Childhood cancer mortality is roughly half of childhood cancer incidence.3

§The lifetime cancer risks from prenatal radiation exposure are not yet known. The lifetime risk estimates given are for Japanese males exposed at age 10 y from models pub-
lished by the United Nations Scientific Committee on the Effects of Atomic Radiation.29

�The background lifetime cancer incidence is approximately 41%.28

¶Lifetime cancer mortality is roughly half of lifetime cancer incidence.28

#For example, 1 pelvic x-ray 0.1 rad to fetus, whereas 1 pelvic computed tomographic scan 2.5 rad to fetus. Occupational radiation exposures within regulatory limits also result
in a fetal dose in the low dose range. Interventional medical procedures, radiation therapy, or nuclear or radiological incidents (including terrorism) could result in a fetal dose in
any of these ranges.3

FIGURE 1
Estimated IQ loss of 2 gestational periods based on fetal dose
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Because IQ measurement sensitivity is limited in the dose range
below about 0.1 Sv (10 rad), this is viewed essentially as the
threshold dose below which there is little effect on IQ. When
the dose is greater than 0.1 Gy (10 rad), the risk for severe men-
tal retardation is approximately 40%/Gy (100 rad).3,8-16

For studies of Japanese atomic bomb victims, severe mental
retardation was related not to IQ but to clinical observation:
“unable to perform simple calculations, to make simple con-
versation, to care for himself or herself, or if he or she was
completely unmanageable or had been institutionalized.”13

This corresponds to an IQ�50 (0.4% prevalence in the

unexposed population), although there was 1 subject whose
IQ was eventually measured as high as 64.11,13,14

Brain Damage in the 16 to 25 Weeks Gestational Period
The central nervous system is less sensitive in the 16- to 25-
week stage postconception. Still, at higher doses, the same ef-
fects seen in the 8- to 15-week stage may also occur. Although
some researchers suggest that a small possibility exists for im-
paired brain function above 0.10 Gy (10 rad) in the 16- to 25-
week stage postconception,11 most agree that the threshold for
observably impaired brain function in this period is approxi-
mately 0.50 to 0.70 Gy (50-70 rad).3,8-10,12-15 The average IQ loss
is approximately 13 to 21 points per Gy (per 100 rad) at doses

FIGURE 2
Effects of radiation exposure on fetal development
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above 0.7 Gy (70 rad), and the risk for severe mental retarda-
tion is approximately 9%/Gy (100 rad) above 0.7 Gy (70 rad)3,9-16

in the 16- to 25-week stage. From about 16 weeks postconcep-
tion to birth, radiation-induced noncancer health effects are
unlikely to occur below about 0.50 Gy (50 rad).

Figure 1 depicts the degree of IQ detriment as a function of fe-
tal dose for these 2 gestational periods.

Thyroid Damage From Radioactive Iodine
The fetal thyroid is capable of taking up radioiodines begin-
ning approximately 70 to 80 days after conception, with up-
take increasing to the time of birth.24 If internal uptake of ra-
dioactive iodine occurs during the 16- to 25-week stage (or if
an internal uptake of radioactive iodine occurs in an earlier stage
and has not cleared from the mother’s body by this stage), then
the long-term health consequences to the offspring’s thyroid
(eg, spontaneous abortion, hypothyroidism, hyperthyroidism,
cretinism)7,24 should be considered. The fetal thyroid is ex-
tremely active during this period of development; if the mother
ingests or inhales radioactive iodine, it will concentrate in the
fetal thyroid as well as in the mother’s thyroid unless the thy-
roid has been blocked through the use of stable iodine prophy-
laxis.8,24 For information about the use of potassium iodide to
protect the fetus from radioactive iodine uptake, visit http:
//www.bt.cdc.gov/radiation/ki.asp.

Late-Stage Miscarriage
The sensitivity of the fetus to the noncancer health effects of
radiation exposure is lower during the third trimester (after about
26 weeks) than in other stages of pregnancy. Nevertheless, at
doses �1 Gy (100 rad), the risks for miscarriage and neonatal
death (ie, infant death within 28 days after birth, including still-
birth) increase.3,9-16

Most researchers agree that a dose of �0.05 Gy (5 rad) repre-
sents no measurable noncancer risk to the embryo or fetus at
any stage postconception.3,8,16,25 Research on rodents suggests
a small risk for external malformations or skeletal defects as well
as effects on the central nervous system in the 0.05 to 0.10 Gy
(5-10 rad) range for some stages postconception.8,11 A practi-
cal threshold for any type of congenital effects in the human
embryo or fetus is, however, most likely between 0.10 to 0.20
Gy (10-20 rad).3

POTENTIAL CARCINOGENIC EFFECTS OF PRENATAL
RADIATION EXPOSURE
Cancer risk from radiation exposure is generally considered to
be proportional to dose. Latency between exposure and dis-
ease depends on many factors, but there is ample evidence that
exposure in childhood reduces the time to onset.26 Cancer at a
specific time of life (eg, childhood) is generally assessed sepa-
rately from a person’s lifetime cancer risk. The background in-
cidence of childhood cancer (onset up through age 15) is 0.3%.3

The additional risk of developing a childhood cancer as a re-
sult of in utero radiation exposure is shown in Table 3; the table

is based on the estimated risk of 12%/Gy (0.12%/rad) above
the background incidence.3,9,15,16 The background incidence of
lifetime cancer is approximately 41% (using rates from 2001-
2003, 41.28% of males and females born in the United States
today will be diagnosed with cancer at some time during their
lifetime).27 Although the lifetime cancer risks from prenatal ra-
diation exposure are not yet known because the population of
atomic bomb survivors currently alive who were in utero when
the exposure occurred are only 63 years old, the lifetime can-
cer incidence risk of 34%/Gy (0.34%/rad) above the back-
ground incidence for exposure at age 10 years also is shown in
Table 3 for estimation purposes.28

In addition, it has not been determined whether the carcino-
genic effects for a given dose vary with the timing of the ex-
posure. At this time, carcinogenic risks are assumed to be con-
stant throughout pregnancy.12 Analysis of animal data suggests
that, although there is a strong sensitivity to carcinogenic ef-
fects in late fetal development, exposure during blastogenesis
and organogenesis is unlikely to lead to malignancy.15

Studies are under way to determine the lifetime cancer risk from
prenatal radiation exposure. Early indications are that lifetime
cancer risk from prenatal radiation exposure is similar to, or
slightly lower than,29 lifetime cancer risk from exposure in child-
hood. Therefore, lifetime cancer risk from childhood radia-
tion exposure may provide a good approximation of the pre-
natal risk.3,12,27,28

CONCLUSIONS
The health consequences of high radiation doses (possibly large
enough to result in acute radiation syndrome in the expectant
mother) to an embryo or a fetus can be severe. Interventional
medical procedures,5 radiation therapy,3 or a nuclear or radio-
logical incident (including terrorism)6 are examples of inci-
dents that could result in high doses to the fetus. Fetal doses
deriving from diagnostic studies or occupational radiation ex-
posure, however, are usually expected to cause little or no harm.

Because fetal sensitivity to radiation-induced health effects is
related to gestational age as well as to fetal dose, a visual aid
may be beneficial when one is counseling pregnant patients who
have been exposed to radiation. Figure 2 depicts the develop-
mentally sensitive periods of gestation and shows the poten-
tial health effects for 3 different dose ranges.
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