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Radiation Exposure
and Pregnancy:
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The potential biological effects of in utero radiation exposure of a de-
veloping fetus include prenatal death, intrauterine growth restriction,
small head size, mental retardation, organ malformation, and child-
hood cancer. The risk of each effect depends on the gestational age at
the time of exposure, fetal cellular repair mechanisms, and the ab-
sorbed radiation dose level. A comparison between the dose levels as-
sociated with each of these risks and the estimated fetal doses from
typical radiologic examinations lends support to the conclusion that
fetal risks are minimal and, therefore, that radiologic and nuclear medi-
cine examinations that may provide significant diagnostic information
should not be withheld from pregnant women. The latter position is
advocated by the International Commission on Radiological Protec-
tion, National Council on Radiation Protection, American College of
Radiology, and American College of Obstetrics and Gynecology. How-
ever, although the risks are small, it is important to ensure that radia-
tion doses are kept as low as reasonably achievable.
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Introduction
The imaging of pregnant women presents a
unique challenge to radiologists because of the
concern about the radiation risk to the conceptus
(ie, embryo or fetus). This article reviews concep-
tus effects from in utero exposure to radiation;
identifies typical conceptus doses from common
radiologic examinations; summarizes statements

from international, national, and professional or-
ganizations regarding the risk from diagnostic
radiologic examinations; and describes the pro-
cesses used to determine appropriate diagnostic
imaging examinations for common indications
during pregnancy. The article is primarily focused
on situations of known pregnancy, but the dose
data presented are relevant also to unintended
exposure in situations of unknown or undeclared
pregnancy.

Table 1
Fetal Effects from Low-Level Radiation Exposure

Effect

Most Sensitive
Period after
Conception

(d)

Threshold Dose at Which
an Effect Was Observed

(mGy)

Absolute
Incidence* Comments

Animal
Studies

Human
Studies

Prenatal death 0–8 ND ND If the conceptus survives, it
is thought to develop
fully, with no radiation
damage.

Preimplantation 50–100
Postimplantation 250

Growth retardation 8–56 10 200 ND Atomic bomb survivors who
received �200 mGy were
2–3 cm shorter and 3 kg
lighter than controls and
had a head circumference
1 cm smaller.

Organ malformation† 14–56 250 250 ND None
Small head size 14–105 100 No threshold

observed
0.05%–0.10% About 25% of children with

small head size were men-
tally retarded.

Severe mental retar-
dation

56–105 ND 100 0.04%‡ No increase in absolute inci-
dence was observed for
exposure in the first 7
weeks or after the 25th
week.

Reduction of IQ 56–105 ND 100 ND Effects from a dose of 100
mGy or less were statisti-
cally unrecognizable. At
100 mGy or more, the IQ
reduction was 0.025
points per milligray.

Childhood cancer 0–77
(first trimester)

No threshold
observed

No threshold
observed

0.017%§ Leukemia is the most com-
mon type of childhood
cancer.

Source.—Reference 1.
Note.—IQ � intelligence quotient, ND � no data.
*Absolute incidence is defined as the percentage of exposed fetuses in which an effect is expected to be observed
with a dose of 1 mGy.
†Organ malformation is defined as malformation of an organ outside the central nervous system. Data regarding
the most sensitive period after conception are from animal studies.
‡An absolute incidence of 0.02% also was observed after radiation exposure of more than 500 mGy at 112–175
days after conception.
§The baseline risk for unexposed fetuses is 1 in 1500 or 0.067%. An absolute incidence of 0.0043% per milligray
was observed for fetuses with radiation exposure in the second and third trimesters.

910 July-August 2007 RG f Volume 27 ● Number 4



Conceptus Effects
from Radiation Exposure

Data regarding the potential biological effects on
the conceptus after in utero radiation exposure
are based on the results of animal studies and hu-
man exposures. The primary sources of human
data are studies of the 1945 atomic bomb survi-
vors from Hiroshima and Nagasaki, a group that
includes approximately 2800 pregnant women
who were exposed to radiation, 500 of whom re-

ceived a conceptus dose of more than 10 mGy
(1–9). The potential effects of radiation on a
conceptus include prenatal death, intrauterine
growth restriction, small head size, severe mental
retardation, reduced intelligence quotient, organ
malformation, and childhood cancer. These ef-
fects depend on the radiation dose to the concep-
tus and the stage of conceptus development at
which the exposure occurs (Tables 1, 2) (1–10).

Modality-Specific
Dose Considerations

Radiography and Fluoroscopy
If the uterus is positioned outside the field of
view, the conceptus is exposed to scattered radia-
tion only and the conceptus dose is minimal.
Higher conceptus dose values occur when the
uterus is positioned within the field of view. In
this case, the radiation dose to a conceptus from a
radiographic or fluoroscopic examination de-
pends on the thickness of the patient (ie, the
amount of tissue the x-ray beam must penetrate),
the direction of the projection (anteroposterior,
posteroanterior, or lateral), the depth of the con-
ceptus from the skin surface, and x-ray technique
factors. The dose to the conceptus may vary by a
factor of 10 for a specific examination or projec-
tion. The estimated conceptus doses in early
pregnancy from radiographic and fluoroscopic
examinations at our institution are listed in Table
3. These values can be compared with the dose to
the conceptus from naturally occurring back-
ground radiation of approximately 0.5–1 mSv for
the entire period of gestation (1). Depending on
the position of the conceptus within the mother, it

Table 2
Probability of Birth with No Malformation and No Childhood Cancer

Dose to
Conceptus (mGy)

No Malformation
(%)

No Childhood
Cancer (%)

No Malformation and
No Childhood

Cancer (%)

0 96.00 99.93 95.93
0.5 95.999 99.926 95.928
1.0 95.998 99.921 95.922
2.5 95.995 99.908 95.91
5.0 95.99 99.89 95.88

10.0 95.98 99.84 95.83
50.0 95.90 99.51 95.43

100.0 95.80 99.07 94.91

Note.—Adapted, with permission, from reference 10.

Table 3
Estimated Conceptus Doses from Radio-
graphic and Fluoroscopic Examinations

Examination
Typical Conceptus

Dose (mGy)

Cervical spine (AP, lat) �0.001
Extremities �0.001
Chest (PA, lat) 0.002
Thoracic spine (AP, lat) 0.003
Abdomen (AP)

21-cm patient thickness 1
33-cm patient thickness 3

Lumbar spine (AP, lat) 1
Limited IVP* 6
Small-bowel study† 7
Double-contrast barium

enema study‡ 7

Note.—AP � anteroposterior projection, lat � lat-
eral projection, PA � posteroanterior projection.
*Limited IVP is assumed to include four abdomi-
nopelvic images. A patient thickness of 21 cm is as-
sumed.
†A small-bowel study is assumed to include a
6-minute fluoroscopic examination with the acquisi-
tion of 20 digital spot images.
‡A double-contrast barium enema study is assumed
to include a 4-minute fluoroscopic examination with
the acquisition of 12 digital spot images.
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may be possible to use a lead shield to protect the
uterus from external scattered radiation (scatter
emanating from the exposed tissue or imaging
equipment) if the area of interest is outside the
uterus. However, because the dose from external
scattered radiation is minimal, the use of lead
shielding is left to the discretion of the practitio-
ner. Although lead shielding may be an unneces-
sary precaution, it may offer the patient a sense of
protection and reassurance.

Computed Tomography
Computed tomography (CT) is associated with
higher levels of radiation exposure than is radiog-
raphy. At CT, the dose to the individual concep-
tus varies with the proximity of the uterus to the
anatomic location of the scan plane, the thickness
of the patient, the depth of the conceptus, and
x-ray technique factors. The conceptus dose can
vary by a factor of two to four for a specific exami-
nation. The estimated conceptus doses for extra-
abdominal and abdominal CT examinations at
our institution are listed in Table 4. These values
may vary because of the imaging techniques re-
quired to produce the desired image quality for
each type of examination, the required anatomic
coverage, or both.

Some CT scanner vendors have introduced
automated exposure control capabilities that pro-
vide real-time x-ray tube current modulation
based on the tissue attenuation (11). Such
mechanisms help minimize the radiation dose

delivered to a patient with a small body habitus,
and hence to the conceptus, by preventing unnec-
essarily high tube current settings. In large pa-
tients, the radiation dose is increased to ensure
adequate image quality, yet much of the addi-
tional x-ray dose is absorbed by the additional
adipose tissue. Thus, doses to internal organs do
not increase linearly with increases in tube cur-
rent settings (12,13). Monte Carlo simulations
indicate that an increase of the scanner output by
a factor of two in very large patients (weight, ap-
proximately 100 kg; lateral thickness, 50 cm or
less) results in an increase of only 25% in the ef-
fective dose. This is because the effective dose is
strongly dependent on the dose delivered to inter-

Table 4
Estimated Conceptus Doses from Single CT Acquisition

Examination Dose Level
Typical Conceptus

Dose (mGy)

Extra-abdominal
Head CT Standard 0
Chest CT

Routine Standard 0.2
Pulmonary embolus Standard 0.2

CT angiography of coronary arteries Standard 0.1
Abdominal

Abdomen, routine Standard 4
Abdomen/pelvis, routine Standard 25

CT angiography of aorta (chest
through pelvis) Standard 34

Abdomen/pelvis, stone protocol* Reduced 10

*Anatomic coverage is the same as for routine abdominopelvic CT, but the tube
current is decreased and the pitch is increased because standard image quality is
not necessary for detection of high-contrast stones.

Table 5
Estimated Conceptus Doses from Nuclear
Medicine Examinations

Examination

Typical Conceptus Dose
(mGy)

Early First
Trimester

End of First
Trimester

Bone scan 5 4
Whole-body PET

scan 15 10
Thyroid scan 0.2 0.1

Note.—The radiopharmaceuticals used for each
examination are as follows: for a bone scan, 20 mCi
of technetium 99m medronate (methylene diphos-
phonate); for PET, 15 mCi of fluorine 18 fluorode-
oxyglucose; and for a thyroid uptake scan, 0.2 mCi
of iodine 123.
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nal organs (12,13). CT projection radiography
delivers a minimal radiation dose to the concep-
tus, and the benefits of its use (eg, accurate local-
ization of the CT scan) outweigh the small radia-
tion risk. The CT projection radiograph is re-
quired for most automated exposure control
implementations, as an aid in the initial selection
of tube voltage and current settings before scan-
ning.

At CT, lead shielding of the abdomen and pel-
vis may be used if it will not interfere with the
scan field, although the dose from external scat-
tered radiation is minimal. The lead shield may
provide the patient more reassurance than actual
risk reduction, and its use is left to the discretion
of the practitioner.

Nuclear Medicine
The dose to the conceptus from radionuclide ex-
aminations is variable and depends principally on
factors related to maternal uptake and excretion
of the radiopharmaceutical, passage of the agent
across the placenta, and uptake in the conceptus.
Conceptus dose estimates from our institution are
provided in Table 5.

Policy Statements
Several well-recognized published documents
provide guidance regarding the radiologic imag-
ing of pregnant women. In 1977, the National
Council on Radiation Protection and Measure-
ments (6) issued the following statement: “The
risk [of abnormality] is considered to be negligible
at 50 mGy or less when compared to other risks
of pregnancy, and the risk of malformations is
significantly increased above control levels only at
doses above 150 mGy. Therefore, exposure of the
fetus to radiation arising from diagnostic proce-
dures would very rarely be cause, by itself, for
terminating a pregnancy.” The American College
of Radiology (14) established the following as its
policy concerning the use of therapeutic abortion:
“The interruption of pregnancy is rarely justified
because of radiation risk to the embryo or fetus
from a radiologic examination.” According to a
statement published by the International Com-
mission on Radiological Protection (5), “Prenatal
doses from most properly done diagnostic proce-
dures present no measurably increased risk of
prenatal death, malformation, or impairment
of mental development over the background
incidence of these entities.” In addition, the com-
mission stated, “Fetal doses below 100 mGy
should not be considered a reason for terminating

a pregnancy.” More recently,
lege of Obstetricians and Gynecologists (15) pub-
lished the following policy statement: “Women
should be counseled that x-ray exposure from a
single diagnostic procedure does not result in
harmful fetal effects. Specifically, exposure to less
than 5 rad [50 mGy] has not been associated with
an increase in fetal anomalies or pregnancy loss.”

Given these statements and the data in Tables
1 and 2, it is clear that the risk to the conceptus
from radiation doses of less than 50 mGy is negli-
gible. With regard to doses of more than 50 mGy,
Table 2 shows that with double that dose (ie, 100
mGy), the increase over background incidence for
organ malformation and the development of
childhood cancer combined is only about 1%.

Developing Practice
Policies and Guidelines

The development of a practice policy regarding
radiation-based imaging of pregnant patients at
one’s institution should be a data-driven process
(16,17). Such policies should be derived from a
review of the available literature and the various
guidelines published by professional and radiation
protection societies (eg, the American College of
Radiology and the American College of Obstetri-
cians and Gynecologists), as well as a critical re-
view of recognized best practices. In our practice,
we followed that approach in creating guidelines
for imaging pregnant women who present with
common medical symptoms.

One scenario that we considered in our analy-
sis is the imaging evaluation of a pregnant woman
with symptoms of urolithiasis. In that setting, a
comprehensive examination with ultrasonography
(US) is recommended as the initial diagnostic
imaging evaluation. The US examination should
include not only the kidneys but also the bladder
to assess ureteral jet activity and transvaginal pel-
vic scanning to detect a distal ureteral stone.
Transvaginal pelvic scanning generally can be
performed safely at any stage of pregnancy unless
there is a ruptured membrane; rupture is a strong
relative contraindication to transvaginal scanning.
If no abnormality is found at this initial US ex-
amination, then a repeat US examination should
be performed 24 hours later. If the results of both
examinations are inconclusive and the clinical
diagnosis is urolithiasis complicated by unrelent-
ing pain or new fever, further imaging must be
considered before intervention.
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The value of unenhanced CT for the detection
of urolithiasis is well established (Fig 1). CT is
more effective than excretory urography for the
detection of ureteral calculi (18), with sensitivity
and specificity ranging between 92% and 99%
(19). CT also is better than urography for diag-
nosing the complications of stone disease. CT has
the added capability of depicting abnormalities
outside the urinary tract, which is an advantage if
the cause of abdominal pain is not urolithiasis; for
this reason, it has emerged as the primary imaging
modality for evaluating patients in whom uro-
lithiasis is suspected. CT is fast, noninvasive, and
readily available. Unlike excretory urography, CT
performed by using a stone detection protocol
does not necessitate the injection of an intrave-
nous contrast medium.

Given the concern for radiation dose to the
conceptus from CT, the clinical utility of limited
intravenous pyelography (IVP) as an alternative
to CT also was considered (Fig 2). A limited IVP
examination includes initial unenhanced imaging;
nephrographic phase imaging; excretory phase
imaging of the kidneys, ureters, and bladder at
approximately 15–20 minutes after injection; and
delayed phase imaging to help confirm the level
and cause of urinary tract obstruction.

We determined the estimated conceptus dose
in a quantitative manner for these two imaging
scenarios (renal stone CT and limited IVP). It
was essential that this analysis be performed for
patients of varied thickness (Fig 3), because the
dose from a radiographic examination increases

dramatically with the increasing girth that is typi-
cal late in pregnancy, when urolithiasis is most
common. As patient size changes, the change in
CT scanner technique factors varies by a much
smaller amount. For example, over the same
range of patient thicknesses given in Figure 3 for
radiographic examinations, the CT radiation out-
put would vary by approximately a factor of three
instead of a factor of 10 as at radiography. In
small patients, for whom the CT scanner output
would be decreased, the peripheral attenuation
also would be decreased, causing an increase in
internal doses in relation to the scanner output. In
large patients, for whom the scanner output is
increased, the peripheral attenuation also is in-
creased, with a resultant decrease in the internal
doses in relation to the scanner output (12,13).
The result is relatively constant organ doses when
scanner output is adjusted for patient size. Auto-
mated exposure control systems are particularly
beneficial in that they adjust the scanner output
on the basis of patient attenuation in a relatively
consistent manner. According to our calculations,
the fetal radiation dose from CT (approximately
10 mGy) is lower than that from limited IVP for a
patient with an anteroposterior thickness of 25
cm or greater (Fig 3). In our institution’s large
radiology practice, the average patient thickness
(men and women) is approximately 24 cm; thus,

Figure 1. Axial CT image from a renal stone study in
a pregnant woman shows a stone in a middle segment
of the right ureter (arrow).

Figure 2. One of four abdominopelvic radiographs
from limited IVP. Note that the requisite anatomic cov-
erage results in full irradiation of the conceptus.
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we expect that most women in the second and
third trimesters of pregnancy would have an an-
teroposterior dimension of at least 25 cm.

Using these data, and considering the incre-
mental value of CT in screening the remainder of
the abdomen and pelvis, we were able to reach a
consensus algorithm for the evaluation of preg-
nant women with suspected urinary tract calculi
(Fig 4). In a pregnant woman in whom urolithia-
sis is suspected, renal stone CT should be per-
formed if the results of two consecutive compre-
hensive US examinations are inconclusive.

The same data-driven process can be applied
to achieve other imaging guidelines, as was done
by Winer-Muram et al with regard to pulmonary
embolus detection in pregnant women (20).
Winer-Muram and colleagues calculated the con-
ceptus dose from chest CT for pulmonary embo-
lus and found that it was less than that from
nuclear medicine ventilation-perfusion scanning
for all three trimesters. These data are consistent
with our own and with other published data in
which the fetal absorbed doses at CT pulmonary
angiography were reported to be less than or simi-
lar to those incurred at ventilation-perfusion scan-
ning (21,22). Such data are essential if one is to
make an informed choice regarding appropriate
imaging of a pregnant patient in whom a pulmo-
nary embolus is suspected. CT pulmonary an-
giography has a sensitivity of approximately 86%,
a specificity of 94%, and a greater discriminatory
power than ventilation-perfusion scanning at nor-
mal or near normal probability thresholds (23).
The use of helical CT in conjunction with US
reportedly led to a diagnosis in 99% of outpa-
tients evaluated for a suspected pulmonary embo-
lus (24), and helical CT is considered preferable
to ventilation-perfusion scanning in nonpregnant
patients (25–28). Its use for pulmonary embolus
evaluation also has been documented in pregnant

women, and 31% of investigators in the Prospec-
tive Investigation of Pulmonary Embolism Diag-
nosis study (PIOPED II) recommended it in that
clinical situation (28,29). Therefore, chest CT is
an appropriate secondary imaging modality for
achieving a definitive diagnosis of pulmonary em-
bolism when lower-extremity US is insufficient
(30).

General Clinical Guidelines
As detailed in Tables 3–5, the conceptus dose
from common radiographic, fluoroscopic, CT,
and nuclear medicine examinations is consider-
ably lower than the established risk threshold of
50–100 mGy. Notably, imaging examinations of
the head, neck, chest, and peripheral extremities
are associated with negligible risks to the concep-
tus. In imaging of the abdomen or pelvis, US is
preferred as the initial examination because it pre-
sents no risk from ionizing radiation to the con-
ceptus. MR imaging is emerging as an alternative
for further evaluation of patients with indetermi-
nate findings at US of the abdomen or pelvis, but
access to MR imaging is limited in many prac-
tices. Because the conceptus dose from a single-
acquisition CT examination of the abdomen and
pelvis poses a minimal risk to fetal health, CT of
the abdomen, the pelvis, or both is appropriate
when imaging examinations based on the use of
nonionizing radiation fail to yield the necessary
clinical information, or in the setting of maternal
trauma (31).

Figure 3. Graph shows estimated fetal radiation
doses from CT and from limited IVP comprising four
abdominopelvic views for different patient thicknesses.
Values are representative of current technology.

Figure 4. Flow diagram shows the recommended
imaging algorithm for urolithiasis evaluations in preg-
nant women.
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the abdomen and pelvis and from nuclear medi-
cine studies rarely exceed 25 mGy. After compar-
ing the doses from radiologic and nuclear medi-
cine examinations with risk data from human in
utero exposures, we have concluded that the ab-
solute risks of fetal effects, including childhood
cancer induction, are small at conceptus doses of
100 mGy and negligible at doses of less than 50
mGy. While this information may reassure preg-
nant women and their physicians about the risks
from necessary or unintended radiation expo-
sures, conservative clinical management is the
best way of minimizing radiation risk in utero.
Radiologic or nuclear medicine examinations
should be performed in such patients only when
necessary, and—as with any drug or intervention
in pregnancy—the dose used for the examination
should be kept as low as reasonably achievable
(32).
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Radiation Exposure and Pregnancy: When Should We Be 
Concerned? 

 
Page 913 
The American College of Obstetricians and Gynecologists (15) published the following policy 
statement: “Women should be counseled that x-ray exposure from a single diagnostic procedure does 
not result in harmful fetal effects. Specifically, exposure to less than 5 rad [50 mGy] has not been 
associated with an increase in fetal anomalies or pregnancy loss”. 
 
Page 914 
According to our calculations, the fetal radiation dose from CT (approximately 10 mGy) is lower 
than that from limited IVP for a patient with an anteroposterior thickness of 25 cm or greater. 
 
Page 915 
Winer-Muram and colleagues calculated the conceptus dose from chest CT for pulmonary embolus 
and found that it was less than that from a nuclear medicine ventilation-perfusion scan for all three 
trimesters. 
 
Page 916 
Radiographic, fluoroscopic, and CT examinations in areas of the body other than the abdomen and 
pelvis deliver minimal radiation doses to the fetus. Moreover, fetal radiation doses from radiographic, 
fluoroscopic, and CT examinations of the abdomen and pelvis and from nuclear medicine studies 
rarely exceed 25 mGy. 
 
Page 916 
After comparing the doses from radiologic and nuclear medicine examinations with risk data from 
human in utero exposures, we have concluded that the absolute risks of fetal effects, including 
childhood cancer induction, are small at conceptus doses of 100 mGy and negligible at doses of less 
than 50 mGy. 
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