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Introduction

Imaging in pregnant patients has
increased over the last decades as
part of the overall rise in imaging
utilization in North America. Lazarus
et al reported that radiological
utilization rates in pregnant patients
more than doubled from 1997 to
2006, with the greatest increase seen
in CT scans.'

Before imaging a pregnant patient,
physicians should assess whether the
information gained by imaging will
change their clinical decision. If so,
is it possible to establish a diagnosis
without ionizing radiation?

Not all imaging examinations
during pregnancy require informed
consent. Examinations with
negligible exposure to the fetus
such as mammography, CT,
or radiographs (excluding the
abdomen or pelvis, except for
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third-trimester chest radiographs)
do not typically require informed
consent. It is advisable to counsel
and seek informed consent from
pregnant patients in low-risk
exposure settings (< 50 mGy

fetus dose) such as abdominal

or pelvic radiographs, single-phase
abdominal or pelvic CT, and

most nuclear diagnostic studies.
In higher radiation exposure
settings, pregnancy verification and
informed consent are typically
obtained, as is calculation of dose
estimation by a medical physicist.?

The American College of Radiology
(ACR) practice parametersrevised in
2023 donotspecifically recommend
for or against consenting pregnant
patients withoutdirectradiation
exposureto the conceptus.’Such
practicesvarybyinstitutional
policiesandlocallegal requirements.
Documentation thatis consistent with
institutional policies and state laws
mustbe entered in the patient’s
medical record.

Per ACR guidelines, imaging
examinations of the abdomen and
pelvis using ionizing radiation,
where the fetus is in the field
of view, require informed consent,
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which may be written or verbal. The
ACR guidelines provide examples of
consent forms.>*

Nonionizing Radiation Imaging
Modalities

us

US is a key diagnostic tool and
arguably the most widely used
diagnostic imaging modality used in
pregnant patients. It is convenient,
safe, and yields immediate images.
Practice parameters based on
consensus among the ACR,
American College of Obstetrics
and Gynecology (ACOG), American
Institute of Ultrasound in Medicine,
and Society of Radiologists in
Ultrasound deem that US is generally
safe for the fetus, regardless
of gestational age; however,
obstetric US examinations should
be performed only when there is
avalid medical reason, using the
lowest possible ultrasonic exposure
settings, and keeping acoustic levels
“as low as reasonable achievable”
(ALARA principle).*’

Diagnostic US has been
used clinically for over half
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a century without reports of
harmful effects in humans, despite
reported effects in embryo/fetus
animal studies.” Nonetheless, US
is a form of energy with

potential effects in the tissues

it transverses (bioeffects). The
physical mechanisms responsible
for these effects are thermal

and nonthermal (mechanical).
Thermal effects are an indirect
result from the passage of the
waveform, with conversion of

the acoustic energy into heat.
Potential theoretic risks may
result from tissue heating owing
to acoustic energy deposition
associated with prolonged scanning
times, particularly in early
gestation. In fetal animal studies,
this seems to be the case,

with temperature increases greater
than 1.5°C above physiological
levels. Therefore, using high-power
techniques prudently (eg, duplex
Doppler imaging) and keeping
dwell time to a minimum during
the first trimester of pregnancy
are recommended to minimize
such risk.’

Nonthermal mechanisms are a
direct result of the altering pressure
and do not seem to be a major
concern in obstetric US owing to the
lack of cavitation foci (bubbles of air)
in the fetal lungs or bowel.

Contrast-Enhanced Ultrasound

Contrast-enhanced US (CEUS)
is a noninvasive technique in
which US is used to detect
gas-filled microbubbles used as
perfusion tracers. US contrast
agents (microbubbles/gas) are true
intravascular agents and do not
cross the placenta. Intravascular
rheological properties of these
bubbles are similar to those of
red blood cells and remain entirely
within the intravascular space.
They have been used effectively to
evaluate pregnant patients requiring
a contrast-enhanced examination
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and have a high diagnostic
accuracy.® Currently, there are no
official recommendations regarding
US contrast administration during
pregnancy as only a few small
studies have explored potential
harmful effects.’ Studies in 2020
and 2021 by Geyer et al that
aimed to monitor the safety of
CEUS in nonobstetrical conditions
in 5 pregnant patients reported no
parental or fetal adverse effects.’
Only a few studies regarding the use
of CEUS in gravid patients have been
reported, predominantly focusing on
the evaluation of placental disorders
(eg, uteroplacental blood flow or
invasive placental conditions) or
indeterminate hepatic lesions.”
CEUS has been used for years
in many imaging applications
(eg, liver, kidneys, and breast).
In obstetrics, despite not yet
being approved by the U.S.
Food and Drug Administration
(FDA) for clinical use, CEUS
offers the opportunity to monitor
the uteroplacental circulation
and quantify the intervillous
flow velocity. Microbubbles can
result in potential cavitation
foci when oscillated at their
resonant frequencies." To avoid
the nonthermal effects of early
destruction of microbubbles
resulting in cavitation foci, studies
in pregnant patients report using a
low mechanical index to avoid early
microbubble destruction. Geyer et al
reported safe CEUS for the parent
and the fetus with a mechanical
index less than 0.2; moreover, no
contrast enhancement of the fetus
was observed."

MRI

Clinical MRI is considered
generally safe to the developing
fetus. When diagnostic information
cannot be acquired by US; or the
US findings are equivocal, MRI
can be performed in pregnant
patients when benefits outweigh the

theoretical risk, as determined by

an attending radiologist and the
referring physician, in consensus
with the patient. It is the modality

of choice for many indications as

it provides highly detailed imaging
without the use of ionizing radiation.
According to ACR guidelines, MRI
studies can be performed judiciously
at 3T field strength or less during
any trimester of pregnancy provided
that the MRI cannot be postponed
until the end of pregnancy, the
information gained is likely to

alter patient treatment, and the
information cannot be obtained

by other nonionizing imaging
modalities."

Research has shown no adverse
effects on fetal growth in healthy
neonates variably exposed in utero
to 3T MR at any gestational age
and no adverse effects on neonatal
hearing in healthy neonates exposed
to prenatal 3T MRIL."

The theoretical MRI tissue
heating potential and secondary
thermal damage (particularly during
organogenesis) caused by energy
deposition from radiofrequency
pulse field(s) are directly influenced
by the proximity to the scanner. In a
pregnant abdomen, the heating effect
is highest at the surface and almost
negligible at the center, significantly
lower than the levels known to cause
harmful effects on the fetus.”*"

In general, a specific absorption
rate (SAR) value < 2 W/kg is strictly
recommended for the pregnant
population to reduce the effects
of tissue heating; this option is
available as a default for most
MRI scanners. Low SAR mode
can be achieved by increasing the
repetition time and reducing the
flip angles, number of slices, and
number of signals acquired; these
modifications, though, may result in
longer scan times." Scan time can be
improved through the optimization
of MRI protocols while maintaining
the SAR value < 2 W/kg.
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MRI Contrast Material

The current standard of practice
is to avoid gadolinium-based contrast
agents (GBCAs) during pregnancy,
owing to the unknown risk of
fetal exposure.”” The decision to
administer a GBCA to pregnant
patients should be made on a
case-by-case basis by the responsible
radiologist and referring physician,
accompanied by a well-documented
and thoughtful risk-benefit analysis
discussion with the patient. This
analysis should justify a decision to
administer the contrast agent based
on overwhelming potential benefit to
the patient and/or fetus, outweighing
the theoretical but potential risks of
exposing the developing fetus to free
gadolinium ions.

Studies in nonhuman primates
have demonstrated that at least some
of the GBCAs can pass through the

placental barrier and enter the fetal
circulation. While multiple small
studies have not shown convincing
evidence of adverse effects from fetal
exposure to GBCAs, it is unclear
what impact free gadolinium ion
deposition into the developing fetus
might have if they were to be
released in any quantity in the
amniotic fluid. The risk(s) to the
fetus of GBCA remain unknown and
may be harmful."**

A 2016 retrospective study from an
Ontario, Canada, database of births
including 397 pregnant patients
exposed to GBCAs concluded that
gadolinium exposure at any time
during pregnancy was associated
with an increased risk of a
broad spectrum of rheumatological,
inflammatory, or infiltrative skin
diseases, and stillbirth or neonatal
death. However, the hazard ratios
for nephrogenic systemic fibrosis

Quality and Safety in Medical Imaging During Pregnancy and Lactation — Part |

(NSF)-like outcomes and congenital
anomalies to the exposed neonates
were not increased compared with
the control cohort. Findings were
considered exploratory due to
potential type 1 statistical error
mentioned in the study limitations."
The ACR Gadolinium Pregnancy
Screening Statement from the
2022 Contrast Media Manual notes
that because many questions
regarding the study’s methodology
have not been independently
confirmed, radiologists must
exercise an abundance of caution
due to uncertainty surrounding
the harmful effects of a contrast-
enhanced MRI examination on
the fetus.”® Therefore, intravenous
administration of GBCAs is strongly
discouraged (Table 1). The ACR
statement emphasizes that because
it is unclear how GBCAs affect
the fetus, these agents should

Table 1. Risk Profiles for lodinated Contrast vs Gadolinium-Based Contrast Agents

IODINATED LOCM GADOLINIUM-BASED CONTRAST AGENTS

Indication

Not routinely administered?®

Administration strongly discouraged

Do not withhold if medically indicated

Administer only if significant benefit to patient or
fetus outweighs potential but unknown risk®

Mutagenic/teratogenic
effects

None reported (in vivo tests)

Teratogenic at high and repeated doses in animal
studies

No evidence of mutagenesis or teratogenesis in
humans

Fetal/neonatal effects

Neonatal TSH (short-term) not affected (the
overall amount of excess iodide in fetal
circulation is small and transient in usual
clinical dose)

Increased risk of stillbirth or neonatal death

No documented case of neonatal
hypothyroidism from maternal intravenous
injection of LOCM

Following administration of lowest possible dose
when indicated, no neonatal testing is necessary

Postnatal follow-up

Check TSH levels at the time of birth; if normal,

no extra attention

No known occurrence of neonatal nephrogenic
systemic fibrosis

Increased risk in childhood of rheumatological,
inflammatory, or infiltrative conditions

Additional risk

Increases absorbed organ radiation dose

Abbreviations: FDA = Food and Drug Administration; GBCA = gadolinium-based contrast agent; LOCM = low-osmolarity contrast material;
TSH = thyroid-stimulating hormone.

°FDA Category B
PFDA Category C
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be administered with caution in
pregnant or potentially pregnant
patients, and only if their

usage is considered essential and
information cannot be acquired
without intravenous contrast or will
alter clinical management. In each
case, the potential benefits must
justify the possible but unknown risk
to the fetus. Facilities should have

a standardized system of screening
in place, including screening for
unsuspected pregnancies. Patients
of childbearing capability should be
informed of the lack of certainty
regarding the risk of fetal GBCA
exposure.” A contrast-enhanced MRI
may be essential in cases of parental
malignancy and treatment planning
if the benefit to the parent outweighs
potential risk to the fetus. Bird et al
found that most pregnant patients
exposed to contrast-enhanced MRI
examinations underwent brain MRI,
followed by pelvic and abdominal
MRI'20,21

Written informed consent should
be obtained from the patient
after discussion with the referring
physician and, in situations for
which intravenous use of GBCA
cannot be avoided, then only
macrocyclic agents should be
administered at the lowest dose (0.1
mmol/kg) possible.”

For the above reasons, the FDA
classified GCBAs as Category C drugs
(ie, animal reproduction studies have
shown an adverse effect on the
fetus but there are no adequate and
well-controlled studies in humans);
potential benefits may warrant use
of the drug in pregnant patients
despite risks.”” A prospective study
evaluating the effect of antepartum
gadolinium administration reported
no adverse perinatal or neonatal
outcomes among 26 pregnant
patients who received gadolinium in
the first trimester.”

The expected dose of
paramagnetic contrast media
absorbed by an infant from
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breast milk is extremely low

and less than 0.0004% of

the intravenous maternal dose.
Scientific societies (ACOG, ACR)
agree it is not necessary to pause
breastfeeding following contrast

administration.”*

Emerging Off-Label Technique
with Ferumoxytol

Recently, ferumoxytol has drawn
increasinginterestasan off-label MR
contrastagenteliminating the safety
concerns associated with GBCAs
with respectto NSF and gadolinium
depositionin the brain.” The concept
of using ferumoxytol-enhanced
ultrashortecho-time pulmonary MR
angiography (FE-UTE-MRA) as an
alternative to contrast-enhanced CT
for detecting pulmonary embolism
(PE) remains appealing, especially
in patients forwhom CTA is
contraindicated or exposure to
ionizing radiationis undesirable; 24%
of patients have contraindications for
CTA and pregnant patients may have
particular challenges with breath-
holding.*

A study by Knobloch et
al concluded that the FE-
UTE-MRA approach could be
an attractive alternative for
detecting PE under free-breathing,
while simultaneously avoiding
ionizing radiation and allowing
for assessment of nonvascular
structures. Authors concluded that
further investigations with larger
sample sizes are needed to
determine the clinical utility of this
approach in patients with known
or suspected PE.” Ferumoxytol has
been associated with a very small
risk of anaphylaxis, which can
be mitigated using slow injections
of diluted agent; however, this
limits its use in dynamic
phase MRI. In the realm of
MRI contrast agents, ferumoxytol
stands out as the sole clinically
available blood pool agent and is
the most utilized gadolinium-free

alternative. Advantages over GBCAs
include lower required dosages,
distinctive pharmacokinetics,
bimodal imaging potential, and
lack of nephrotoxicity.

lonizing Radiation-Based
Imaging (Radiography,
Fluoroscopy, CT, and Nuclear
Medicine/PET)

Examinationsthatexpose the fetus
toionizing radiation may be required
during pregnancyto aid clinical
diagnosis and decision-making. With
afew exceptions, radiation exposure
through radiography, CT, or nuclear
medicineimaging techniquesareat
doses much lower than exposures
reported to be associated with fetal
harm. When a study utilizing ionizing
radiationis necessaryto answer
clinical questionsinthe pregnant
patient (eg, suspected pneumonia,
PE, trauma) orasanadjunctto
nonionizing radiation studies (eg, US
and MRI), itshould notbe withheld
fromapregnantpatient.’

Certainly, a benefit-risk
assessment is required when
caring for the ill or injured
pregnant patient and one must
adhere to the ALARA principle
regarding the radiation dose.” It
is important to carefully select
the imaging modality that allows
for minimized radiation dose
to the fetus while maintaining
satisfactory diagnostic information
to answer clinical question(s) and
decrease the need for reimaging.’

The International Commission
on Radiological Protection 103
recommends justification of medical
exposures in 3 ways: (1) overall
use of radiation in medicine should
do more good than harm, (2) a
procedure is justified for a particular
clinical indication if it will improve
diagnosis or treatment, and (3) a
medical procedure will do more
good than harm by contributing to
treatment management.
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Radiation Effects

Information about the effects
of radiation exposure is mainly
derived from animal experiments
and studies on the effect of the
atomic bombings in Hiroshima and
Nagasaki, together with industrial
and medical (ie, radiation therapy)
exposure of humans. The main
radiation effects on the tissues have
been divided into the deterministic/
threshold effects and stochastic/
nonthreshold effects.

Deterministic Effects (Threshold
or Nonstochastic Effects)

Deterministic effects result from
radiation doses above a threshold
value, in the early weeks of
pregnancy, and from accumulated
dose during multiple consecutive
examinations during the same
pregnancy. A major concern of
the deterministic/threshold effect of
ionizing radiation on the conceptus

is teratogenesis (Table 2). The
magnitude of these effects is thought
to be predictable based on dose
and fetal gestational age, and are
associated with cellular injury or
death.*®

During the first 2 weeks of
pregnancy, cell damage usually
results in miscarriage; if the
pregnancy continues, a fetal
radiation-induced injury is highly
unlikely (the “all or none
effect”). Organogenesis takes place
predominantly between gestational
weeks 2 and 15. In this period,
embryonic exposure to ionizing
radiation may induce potential
injury to specific organs, including
the developing brain and orbits,
and/or causing intrauterine growth
restriction. During the second and
third trimesters, the major organs
have formed and cell injuries are of
lesser concern.

Risks of central nervous system
malformation and intellectual deficit

Table 2. Deterministic/Threshold Effects of lonizing Radiation on the

Conceptus

FETAL DOSE

EXPOSURE (MGy) SUSPECTED IN UTERO DETERMINISTIC EFFECTS

< 50 mGy

Negligible deterministic effects (ie, abortion or malformation)

50-100 mGy
be clinically detectable

Potential effects scientifically uncertain and potentially too subtle to

> 100 mGy

abortion)

dose

Risk of fetal malformation increases with gestational age:
+ <2 weeks: “all or none effect” (possible spontaneous

+ Weeks 3-8: possible malformations increase in likelihood
as dose increases

+ Weeks 9-15: intrauterine growth retardation, increased
sensitivity of central nervous system (CNS) (mental
retardation, decreased IQ, microcephaly), risk of CNS
effect increases in frequency and severity with increasing

« Weeks 16-25: decreased sensitivity of radiation effects on
CNS, IQ deficit not detectable at diagnostic dose
« >27 weeks: no malformation at diagnostic doses

No dose
threshold?

Stochastic effects:® late risk of carcinogenesis from exposure at any
dose of radiation during any trimester

2The baseline risk for unexposed fetuses is 1 in 1,500 or 0.067%. An absolute incidence of
0.0043% per mGy was observed for fetuses with radiation exposure in the second and third

trimesters.?°

bData on the stochastic effects are inconsistent.
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have only been reported at fetal
doses higher than 100 mSv. Fetal
doses from routine medical imaging
are generally well below 100 mSv,
and generally below 20 mSv.”

It should be noted that, when
the fetus or the abdomen is outside
of the study’s field of view, the
conceptus dose is negligible. In rare
situations, in which the dose might
exceed the level of 100 mGy (ie,
multiphase examinations), patients
should be informed about potential
effects and individualized scan

5,31

protocols should be applied.'***

Stochastic/Carcinogenic Effects
(Nonthreshold)

Stochastic effects have no known
threshold value and are theorized
to occur at any radiation dose
level. The major concern regarding
in utero radiation exposure is the
increased lifetime risk of the fetus
for developing cancer, with the most
common childhood malignancies
being leukemia and lymphoma.*

When calculating cancer risk
from diagnostic imaging, the linear
no-threshold (LNT) model is chosen
not because it is most likely to
be correct, but because it is the
most conservative. When counseling
patients, it is important to keep
in mind there has never been a
direct quantification of cancer risk to
fetuses with doses delivered by CT.

Stochastic effects are late and
nonpredictable (nonthreshold). They
are the consequence of cellular
damage at the DNA level, are
independent of the radiation dose,
and cause carcinogenesis or other
germ cell mutation(s). The LNT
model predicts that carcinogenic
risk increases linearly with increased
radiation dose and that there is no
minimum dose below which there is
no cancer risk.*

It has been reported that when
a fetus is exposed to common
medical examination doses (eg, a
fetal dose of 20-50 mGy received
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during pelvic CT), the risk of
carcinogenesis increases by a
factor of 2,>* but remains low

in absolute terms (< 1 in 250).
According to the ACR, a dose of
20 mGy represents an additional
projected lifetime risk of about 40
or fewer additional cancers per
5000, or about 0.8% (or 0.4% per
10 mGy)."»*

The French Academy of Sciences
and the French National Academy
of Medicinein theirjointreport
argue againstthe validity of using
LNT models for “evaluating the
carcinogenicrisk of low doses (< 100
mGy) and considersthe effect of very
low doses (<10 mGy) even more
trivial.”

Instead, they support the model
of radiation hormesis, which is
defined as the beneficial stimulatory
(biopositive) effect(s) caused by
exposure to low doses of ionizing
radiation known to have toxic
(bionegative) effect(s) at higher
doses.® They conclude that LNT
assessment of carcinogenic risks
induced by low doses, such as those
delivered by diagnostic radiology or
the nuclear industry, is not based on
valid data.*

The relationship between the risk
of carcinogenesis and gestational age
at the time of radiation exposure
is even more controversial. The
Oxford Survey for Childhood Cancer
(OSCC) study suggests that the risk
of carcinogenesis is higher with
exposure in the first trimester
than with exposure in the second
or third trimesters, with relative
risks of 3.19, 1.29, and 1.30,
respectively.'®* ACOG describes the
risk of carcinogenesis due to fetal
radiation exposure from diagnostic
imaging during pregnancy as “very
small,” concluding that “abortion
should not be recommended.”® ACOG
guidelines do not discuss what
kind of information, particularly on
cancer risk estimates, should be
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provided during parental counseling
in such cases, if any.

Another potential radiation-
related risk during pregnancy
is associated with the increased
radiosensitivity of breast tissue in
pregnant patients due to glandular
proliferation. Parker et al concluded
that the minimum radiation dose
delivered to the breast of an
average-sized patient during CT
pulmonary angiography was 20
mGy, which exceeds the ACR
standard recommendation of 3
mGy for 2-view mammography (2D
only, not tomosynthesis).* The
potential carcinogenesis effect of
such radiation exposure remains
unknown.

Accordingtothe seventhreport
ofthe Biological Effects of Ionizing
Radiation study on the survivors
of Hiroshima and Nagasaki, the
background risk of cancer over the
course of anindividual’slifetime
is42%. Exposure to 100 mSv of
ionizing radiationincreaseslifetime-
attributablerisk of cancer by 1%."®

CT

The use of CT during pregnancy
has substantially increased in the
United States and Ontario over the
past 2 decades. CT examinations
were performed in approximately
0.8% of pregnancies in the United
States and 0.4% in Canada (Ontario)
in 2016.7

Obtaining a CT examination is
often quicker and easier than an
MRI, and this may account for
its expanding use in emergency
situations such as suspected PE,
trauma, brain aneurysm rupture, or
for surgical abdominal conditions.

The main limitation of CT
is it uses ionizing radiation at
significantly higher doses than that
of conventional x-rays. When the
fetus is outside the field of the
scanned area (eg, head, cervical
spine, thorax, extremities), the

estimated dose delivered to the
conceptus is minimal (usually < 1
mGy).” The fetal dose for a CT head
is 0 mGy and for a CT chest is

0.2 mGy or less, depending on the
trimester of pregnancy. Shielding
the gravid uterus does little to reduce
the radiation dose to the fetus for CT.

Concern about the harmful effects
of CT to the fetus only occurs
when the gravid uterus is directly
in the field of view. The typical
fetal radiation dose for CT of the
abdomen and pelvis is 25 mGy.

With modern CT scanners that use
automated exposure control, the
dose is about 13 mGy. Low-dose (LD)
CT protocols can result in doses on
the order of 10-11 mGy.*

As such, doses used during
standard CT examinations, including
an abdomino-pelvic scan (single-
phase), do not exceed the cutoff
of 100 mGy (the minimum
threshold level for which radiogenic
malformations might occur and the
individual probability of radiogenic
cancer is very low).” Interestingly,
in a recent study, the mean in
utero doses at different stages
of pregnancy were estimated
with the use of an appropriate
anthropomorphic phantom and were
calibrated with volumetric CT dose
index measurements and Monte
Carlo simulation; they varied from
0.04 to 1.04 mGy for pulmonary
angiography, 4.8 to 5.8 mGy for
abdomino-pelvic CT, and 9.8 to 12.6
mGy for trauma CTs performed
with 64-slice CT. Assuming that
the fetus accounts for 9% (12
weeks), 37% (20 weeks), 56% (28
weeks), and 69% (38 weeks) of
intrauterine volume, the maximum
theoretical fetal doses would then
have been 15.5, 7.5, and 0.8 mGy, for
trauma, abdominal, and pulmonary
angiography protocols, respectively.
Again, all doses were substantially
lower than the recommended
threshold.”

Applied Radiology

REVIEW




REVIEW

10

Furthermore, major dose
reductions can be achieved with
LD and ultralow-dose CTs, which
may potentiallybe usedin pregnant
women.*

Several additional technical
improvements may optimize CT
diagnostic performance. New CT
scanners further decrease the dose
level delivered to the parent and
fetus by using advanced technologies
such as tube current modulation,
iterative reconstruction, or even
deep-learning image reconstruction
algorithms.**"** Dose reduction
techniques should be applied when
a pregnant patient requires a CT.>*

Typical dose reduction techniques
include lowering tube kilovoltage
in accordance with the patient’s
weight, decreasing tube current
time (mA-s), limiting image length
(z-axis), increasing pitch, widening
the beam collimation, selecting
smaller areas to scan, and using a
single acquisition.* Limiting image
length and CT acquisitions seem the
best ways to reduce fetal exposure.
Position statements from the ACR,
National Council on Radiation
Protection and Measurements,
American Board of Radiologists,
Society for Pediatric Radiology,
and Image Gently all recommend
discontinuing gonadal and fetal
shielding.?

Fetal Dose Estimation

When the expectant parent
undergoes CT examination during
the first 2 weeks of gestation, dose
estimation may not be required
given the all-or-none response to
radiation. Beyond 2 weeks’ gestation,
accounting for the potential
risk of carcinogenesis, more
information and reassurance can
be provided to the patient through
consultation with a qualified medical
physicist and communication
between the patient, radiologist,

Applied Radiology

and obstetrician. Radiologists and
radiologic technologists are trained
to prospectively optimize exposure
of the pregnant patient; for some
modalities such as CT, dose indexes
are prospectively displayed when
imaging parameters are inputted
and act as an indirect surrogate for
parental dose.

The radiation dose absorbed by
the fetus cannot be measured
directly. Fetal dose is best and most
accurately determined by a medical
physicist. There are methods for
rough estimation of fetal dose
such as multiplying the effective
milliampere seconds (milliampere
seconds per pitch) or volume CT
dose index by 10.8 mGy/100 mAs for
a 120 kVp abdominal examination.*
For example, an effective 222 mAs
for a CT scan of the pelvis would
result in a fetal dose of 24 mGy (10.8
x 2.22). However, these methods
are not substitutes for accurate
estimation by a qualified medical
physicist, who uses scan parameters
and the patient’s geometry for Monte
Carlo calculations, the practice
most widely used. If the estimated
fetal dose is expected to exceed
50 mGy, consultation with a
medical physicist is recommended.
Fetal dose estimation can also be
performed prospectively by placing
the dosimeter at the level of the
uterus, but this is not routine at
many institutions.”

The baseline risk of childhood
cancer is approximately 1.0 to 2.5
per 1,000. Estimates of the additional
risk of childhood cancer from a fetal
radiation dose of 1000 mGy range
from 0.022 (OSCC) through 0.028
(life span study of atomic bomb
survivors) to 0.060 (expert statistical
review).”

Parental counseling on the
risks and benefits of a CT
examination to fetal health and
written documentation of informed
consent are advised. According to
the International Commission of
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Radiological Protection, counseling
should take place after estimating
the dose to the exposed embryo

and comparing the radiation risk
with other pregnancy risks, bearing
in mind that there has been no
direct quantification of cancer risk to
humans from CT doses.”

lodinated Low-Osmolarity
Contrast Agents

Diagnostic doses of low-osmolarity
contrast media have been shown
to cross the placenta and enter
the fetus. Both iodinated contrast
materials and GBCAs cross the
blood-placental barrier and enter
the fetal circulation; they are
then excreted into the amniotic
fluid, swallowed by the fetus, and
re-enter the fetal circulation. These
pharmacokinetic properties result
in a relatively long-term exposure
of the developing fetus to the
compounds of contrast agents. As
such, ACR guidelines state that their
use should be limited in pregnancy
“since their effects on the human
embryo or fetus are not completely
understood.”*

Oral iodinated contrast agents (eg,
gastrografin) are not absorbed by the
maternal intestine and, therefore,
cause no real or theoretical harm.’

Iodinated contrast media
intravenously or orally administrated
are classified as FDA Category B
drugs. This classification means
that no mutagenic or teratogenic
effects have been demonstrated
in animal reproductive studies;
however, there are no adequate
data based on controlled studies in
pregnant patients. The ACR does not
recommend withholding intravenous
iodinated contrast media in pregnant
or potentially pregnant patients
if it is medically indicated.*
Iodinated media carry a low risk of
anaphylactoid reactions and adverse
effects to the pregnant patient such
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as nausea, vomiting, flushing, and
pain at the injection site.*

Recent data suggest that the
presence of iodinated contrast
media increases radiation absorption
during CT scanning and may lead to
an average 30% increase in absorbed
organ dose.*

Neonatal hypothyroidism is not a
concern associated with intravenous
administration of iodinated contrast
media as it does not affect short-
term neonatal thyroid-stimulating
hormone (TSH), possibly because
the overall amount of excess iodide
in fetal circulation is small and
transient in routine clinical doses.
Long-term adverse effects of the free
iodide on the fetal thyroid gland are
unknown. To date, there has been
no documented case of neonatal
hypothyroidism from the maternal
intravascular injection of a water-
soluble iodinated contrast agent.
Based on the current available data
and routine evaluation of newborns
for congenital hypothyroidism by
measuring TSH levels in the exposed
neonates within the first week of life,
ACR guidelines do not recommend
any special attention to clinical doses
of low-osmolarity iodinated contrast
in pregnancy.*

Administration of iodinated
contrast material is recommended
only if clinically indicated and after
careful investigation of the risks and
benefits. Neonatal thyroid function
should be checked soon after birth.”

Regarding breastfeeding, the level
of iodinated contrast agent absorbed
by the infant is exceptionally low
and less than 0.01% of intravenous
maternal dose; current guidelines

support continuation of lactation.”*

Radiography and Fluoroscopy
Examinations

In general, conventional x-ray
examinations that do not directly
expose the gravid uterus to
the x-ray beam do not require
verified pregnancy status, and
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should not impact the decision

to proceed with the examination

as they result in negligible
conceptus dose. Such examinations
include chest radiography, extremity
radiography (except the hips),
mammography, and diagnostic
examinations, including the head
and neck. During such examinations,
the only radiation to which the
conceptus is exposed is scattered
radiation, which characteristically
results in a very low dose.”*

Chest radiography in the third
trimester is likely to expose part of
the fetus to the direct x-ray beam,
but this, too, can proceed when
justified and optimized because the
dose to the fetus remains very low
and the fetus is less radiosensitive
than in early pregnancy. Examples of
optimization may be to limit frontal
view examination and not perform
the lateral view.

Mammography canalsobe
performed safely atany time during
pregnancy. Radiation exposuretoa
conceptus froma properly performed
screening mammogram is expected to
beinconsequential. Thus, proceeding
with the examination should be
based on clinical circumstances, not
radiation risk.”

When an examination requires
the fetus be included in the field
of view, the parent should be
reassured that “no single diagnostic
x-ray has a radiation dose significant
enough to cause adverse effects
in a developing embryo or fetus.”
For almost all standard radiographs,
including those of the pelvis and
hips, estimated conceptus doses are
considerably lower than the cutoff
limit of 100 mGy. Caution should
be taken if multiple radiographs
are necessary (eg, in the setting of
trauma) due to cumulative dose.

For radiological examinations,
the highest radiation exposure
to the conceptus occurs when
the abdominal/pelvic region is
exposed to the primary x-ray beam.

REVIEW

Radiation exposure parameters may
be reduced and a certain degree

of compromise in image quality is
acceptable; nevertheless, the quality
cannot decrease beyond the level
required for diagnosis. The exposure
parameters should be determined
prior to scanning by radiologists

in collaboration with a qualified
medical physicist.

Inthe few situations for which
fluoroscopyis medically indicated,
radiation-sparing maneuvers should
be employedtolowerthe dose. These
include minimizing the exposure
time, decreasing the number of
imagesacquired, keepingthe lowest
possible frame rate, optimizing
collimation, and using image hold vs
additional exposures when possible.
Radiation monitoring with dose
documentation in the medical record
orthe procedure reportisimportant
tohelp address potential future
concernsregarding such exposures.*

For practical purposes, no specific
counseling is required for patients
undergoing diagnostic imaging with
a predicted fetal absorbed dose of
less than 10 mGy. This includes all
x-ray and CT scanning not involving
the abdomen and most nuclear
scans. For potential exposure greater
than 10 mGy, the patients should be
counseled on a risk-benefit basis.

Nuclear Medicine Examinations

Nuclear medicine examinations
are usually avoided during
pregnancy and their effects depend
on the physical and biochemical
properties of the radioisotope,
including patient uptake and
excretion, passage of the agent
across the blood-placenta barrier,
and uptake from the conceptus.
Technetium-99m (Tc-99m) is one
of the most used isotopes and
is used for brain, bone, renal,
and cardiovascular scans. Its most
common use in pregnancy is
in ventilation-perfusion (V/Q) lung
scanning for detecting PE. In
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general, these procedures result in
an embryonic or fetal exposure of
less than 5 mGy, which is considered
a safe dose in pregnancy. Its half-life
is 6 hours, and it is a pure gamma-ray
emitter, which minimizes the dose
of radiation without compromising
the image. All these facts support

the safety of Tc-99m at 5 mGy when
indicated during pregnancy.'®

Not all radioisotopes can be used
safely during pregnancy. Radioactive
iodine (iodine-131) is contraindicated
in pregnancy. It readily crosses the
placenta, has a half-life of 8 days,
and can cause deleterious effects on
the fetal thyroid, especially if used
after 10 to 12 weeks of gestation.
Iodine-131 should not be used
during pregnancy for diagnostic or
therapeutic treatment purposes. If
a diagnostic scan of the thyroid
is essential, Tc-99m is the isotope
of choice.”

The most frequent nuclear
medicine examination in pregnancy
is the V/Q scan, which is associated
with a decreased dose to the breast
when compared with pulmonary
angiography. To minimize fetal
exposure, the tracer dose is
typically reduced by half, with a
compensatory increase in imaging
time. Absorbed dose to the fetus is
estimated at 0.1 to 0.37 mGy.* Other
nuclear medicine scans are rarely
indicated in pregnancy.

F-18 fluorodeoxyglucose (FDG)
PET/CTinapregnant patientis
discouraged dueto fetal exposure to
radiation and potential toxicity of the
radiopharmaceutical, eventhough
reported total absorbed fetal doses
are below the threshold of 100 mGy."*
Ifitismedicallyindicated, usually
for staging purposesin pregnant
patients with cancer, itmaybe
performed after careful risk-benefit
assessment. Absorbed fetal dose is
proportional to fetal mass with higher
dosesin early gestation, whichis
explained by the smaller volume
of the fetusand by the fetal body
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atthis stage being composed of
relatively undifferentiated and rapidly
proliferating cells using more glucose
and, therefore, concentrating FDG
more effectively. Furthermore, the
smaller size of the fetusisin closer
proximitytothe urinary bladder.*
Evenwith the most conservative
assumptions and the use of both PET
and CT components, a full PET/CT
scanisunlikelyto deliver more than
15-20 mGy to the fetus.

In most institutions, images
are acquired 45 to 60 minutes
after injection. To reduce radiation
exposure, patients should hydrate
(orally and/or intravenously if
needed) before and after the
study, and void frequently. If not
contraindicated, a bladder catheter
can be used to drain radioactive
urine to reduce photon exposure to
the fetus.*

PET/MRI is the optimal PET
procedure for imaging pregnant
women as it provides detailed
imaging without CT-related radiation
for attenuation correction; however,
its availability remains limited.* For
PET/MR imaging, the value is more
likely 5 mGy or less. Stochastic
effects for these doses have never
been demonstrated.”

Considerations in Lactating
Patients Following a Nuclear
Medicine Examination

Radionuclide compounds are
excreted into breast milk in varying
concentrations and for varying
periods. In addition, excretion rates
of the same compound can vary
between patients. Because some
specific nuclear materials excreted
into breast milk can have deleterious
effects (eg, iodine-131), consultation
with experts on breastfeeding and
nuclear medicine are recommended
to ensure the breastfed infant is not
exposed to radiation by proximity
and through radioactivity in milk.

In 2002, the Nuclear Regulatory
Commission stated that the dose to
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the infant in such cases should be

less than 1 mSv. The recommended
length of breastfeeding interruption
for different pharmaceuticals should
depend on the physical and biological
half-lives of these agents. For
instance, breastfeeding interruption
after Tc-99m imaging depends on

the radiopharmaceutical agent used,
with 4 hours recommended for
Tc-99m-pertechnetate imaging and 48
hours for Tc-99m-labeled leukocyte
scintigraphy. During this period, the
parent should be counseled to pump
and store the milk for use after the
radioactivity dissipates or discard it.
As an alternative, if the imaging
examination is not emergent, the
parent may pump and store the

milk before receiving the radiotracer
to avoid interruption. Complete
cessation of breastfeeding is advised
after administration of “’Ga citrate
and procedures that use '*'I-Nal as
more than 10% of the administered
dose may be excreted in breast milk.*

Conclusions

Inthe pregnant patient, adherence
to established guidelines and
protocolsis essential to safeguard
parental and fetal health during
radiological evaluations. However,
the choice of imaging modality should
be guided by amultidisciplinary
approach involving obstetricians,
radiologists, and other health care
providersto ensure diagnostic
efficacy while minimizing potential
riskstothe parentand fetus.

Each modality offers distinct
advantages and limitations. The
ALARA principle should be followed
with respecttothe use of ionizing
radiation. No examination should be
withheld when animportantclinical
diagnosisisunder consideration. Best
practicesrequire updates on available
technologiesand guidelines. The
continual advancementinimaging
technology and techniques promises
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to furtherenhancethe safetyand
diagnostic accuracy for parent-fetal
dyadsinthe future.
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