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Abstract
The use of magnetic resonance imaging (MRI) during pregnancy is associated with concerns among patients and health profes-
sionals with regards to fetal safety. In this work, the Canadian Association of Radiologists (CAR) Working Group on MRI in
Pregnancy presents recommendations for the use of MRI in pregnancy, derived from literature review as well as expert panel
opinions and discussions. The working group, which consists of academic subspecialty radiologists and obstetrician-
gynaecologists, aimed to provide updated, evidence-based recommendations addressing safety domains related to energy
deposition, acoustic noise, and gadolinium-based contrast agent use based on magnetic field strength (1.5T and 3T) and trimester
scanned, in addition to the effects of sedative use and occupational exposure.

Résumé
L’utilisation de l’imagerie par résonance magnétique (IRM) au cours de la grossesse est associée à des préoccupations des
patientes et des professionnels de la santé pour ce qui concerne la sécurité du fœtus. Dans cette étude, le Groupe de travail sur
l’IRM au cours de la grossesse de l’Association canadienne des radiologistes (CAR) présente ses recommandations pour le
recours à l’IRM au cours de la grossesse à partir d’une revue de la littérature, et des avis et discussions d’un groupe d’experts. Le
groupe de travail, qui regroupe des radiologistes universitaires spécialisés et des obstétriciens-gynécologues, a cherché à fournir
des recommandations actualisées reposant sur des données probantes abordant les domaines de sécurité liés au dépôt d’énergie,
au bruit acoustique et à l’utilisation du produit de contraste à base de gadolinium en fonction de la force du champ magnétique (1,5
T et 3 T) et le trimestre de la grossesse, en plus des effets d’un sédatif et d’une exposition professionnelle.
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Introduction

The use of magnetic resonance imaging (MRI) in clinical prac-

tice is increasing. In Canada, the use of MRI nearly doubled

from 1 to 1.86 million from 2007-2017.1 Because MRI can

provide high quality depiction of cross-sectional anatomy and

pathology without the need for ionizing radiation, it is unsur-

prising that its use during pregnancy has also been on the rise.2

Several theoretical concerns exist that may cause unneces-

sary anxiety for patients, patient families and the health care

team, potentially limiting widespread use of MRI during preg-

nancy. These concerns are further confounded by a lack of

sufficiently powered, prospective, human studies with long-

term follow-up. Many topics extrapolate data from a combi-

nation of small case studies and animal studies, as designing

large-scale randomized control trials to assess the potential

long-term adverse effects of MRI on fetal development is not
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practical. To date, the highest quality evidence relates to large

public health care database studies which have helped allevi-

ate some concerns regarding the safety of MRI and the preg-

nant patient.2,3

Technological advancements, primarily the increasing tran-

sition towards use of higher field strengths, stronger magnetic

gradients and improved software applications directly trans-

lates into better quality and faster MRI examinations which

may be used for identification and characterization of maternal

and fetal pathologies. With increased utilization and availabil-

ity of 3 Tesla (T) compared to 1.5 T MR systems, there are

theoretical and practical improvements in signal-to-noise ratio

which can increase temporal and/or spatial resolution, resulting

in overall improved image quality, length of exams and diag-

nostic capability.4 This is beneficial for most maternal MR

imaging requirements, and particularly in the burgeoning area

of fetal MRI.4 However, the potential risks involved with fetal

MRI are not well studied at 3 T relative to 1.5 T.

Given the recent changes in the field of MRI in pregnant

patients and of the fetus, several societies worldwide have

updated their recommendations and practice guidelines regard-

ing the use of MRI during pregnancy. These include: the Amer-

ican College of Obstetricians and Gynecologists (ACOG;

updated in 2017); the International Society of Ultrasound in

Obstetrics and Gynecology (ISUOG; updated in 2019); and the

American College of Radiology (ACR; updated in 2020). Con-

versely, the last practice guideline update from the Canadian

Association of Radiologists (CAR) is from 2011 and does not

cover many of the recent studies and technological advance-

ments that have been made in the field since.

In this work, the CAR working group on MRI in Pregnancy

provide evidence-based recommendations that are derived

from literature review as well as expert panel opinions and

discussions. Safety domains related to energy deposition,

acoustic noise, and contrast agent use will be addressed, based

on magnet strength (1.5 T and 3 T) and trimester scanned. The

effects of sedative use and occupational exposure will also be

explored. The aim of this work is to provide an up-to-date

comprehensive source of information for patients, MRI practi-

tioners and other health care personnel to understand the dif-

ferent concerns relating to safety of MRI in pregnancy, and

provide contemporary, evidence-based recommendations and

guidance.

Energy Deposition

A safety concern with MRI in pregnancy is that energy will be

deposited within the maternal and fetal tissues due to exposure

to radiofrequency (RF) pulses. Fetal heating greater than 2�C
can be teratogenic.5 In practice, fetal temperature cannot be

directly measured; instead, the maternal specific absorption

rate (SAR) is used to estimate the absorbed RF power per unit

body weight and is measured in W/kg. Although SAR can be

calculated for specific regions, the most commonly reported

value is whole-body average SAR. A maternal rise in SAR

logically coincides with a risk for embryonic or fetal

temperature increases, although models have shown that the

fetus receives only approximately 40-70% of the maternal

SAR.6

Commercially available MR scanners have proprietary pro-

grams based on National Electrical Manufacturers Association

standards that estimate SAR values automatically and warn the

operator if regulatory limits are likely to be exceeded.7 MR

scanners have 3 operating modes with different whole-body

average SAR limits as set out by the International Electrotech-

nical Commission: normal (2 W/kg), controlled (4 W/kg) and

restricted (> 4 W/kg). Operation in normal mode limits rise of

body temperature to 0.5�C.8

SAR calculation depends on numerous factors, including

but not limited to, the electrical conductivity of the tissue,

patient weight and shape, field strength, flip angle and RF pulse

duration. SAR is thus pulse sequence dependent. Sequences

with long trains of RF pulses such as steady-state free preces-

sion (SSFP) and single-shot fast-spin echo (SSFSE) have

higher SAR values,9 yet constitute the bulk of fetal MRI as

they are short and distributed throughout the exam, thus miti-

gating temperature increases from SAR.10

There is considerable overlap of evidence regarding the

safety of MRI in pregnancy in relation to a specific MRI safety

domain. For example, a study which evaluates the safety of

MRI relating to SAR will also potentially overlap with other

domains such as contrast use or acoustic noise. In this guide-

line, evidence is presented sequentially but will be cited fre-

quently in overlapping sections.

SAR at 1.5 T

First trimester. An observational study of 15 neonates inadver-

tently imaged in the first trimester did not demonstrate any

attributable adverse outcomes.11 In a population-based cohort

study involving more than 1.4 million pregnancies, first-

trimester MRI with or without contrast was not significantly

associated with stillbirth or neonatal death, congenital anom-

aly, neoplasm, vision or hearing loss. However, in the cohort

with MRI exposure between 5-10 weeks gestation (calculated

from the first day of the last menstrual period), the risk of

congenital anomalies and hearing loss was unchanged but the

risk of vision loss was higher in a small group (8/416 fetuses)

compared to those that did not undergo MRI.3 No other studies

have shown a similar outcome.

Second and third trimesters. Prenatal exposure to 1.5 T MRI

during the second or third trimester of pregnancy in a cohort

of 72 healthy fetuses was not associated with disturbances in

functional outcomes or hearing impairment at preschool age.12

Exposure had no adverse effects on birth weight,13 long-term

neurodevelopmental outcomes,14 growth, motor functioning,

social or neurological development.15 Direct measurement of

amniotic fluid temperature in animal models at 1.5 T have not

shown increases >0.5�C during scanning.16,17
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SAR at 3.0 T

Transition from 1.5 T to 3 T results in a quadrupling of the SAR

if all other factors are kept constant. This raises concerns about

fetal safety, and energy deposition in the fetus resulting in an

increase in body temperature. Direct measurement of tempera-

ture rise in fetal organs and amniotic fluid in pregnant minia-

ture pigs using a typical standard of care MR protocol was

found to be < 1�C if the imaging time was < 30 minutes.18

However, the cumulative temperature increase over 1 hour of

imaging time with high SAR pulse sequences reached up to

2.5�C. Thus, caution is warranted when imaging the pregnant

patient at high field strength.18

First trimester. There is less data on fetal outcomes after expo-

sure to 3 T compared to 1.5 T field strength. A retrospective

case control study of 81 exposed pregnancies (14/81 in first

trimester) showed no adverse effects on fetal growth in any

trimester, including exposure during the first trimester.19

Second and third trimesters. In addition to the previously men-

tioned study,19 in a study of 12 pregnant women who underwent

fetal MRI at both 1.5 T and 3 T in the second or third trimester,

deliberate modifications of pulse sequence parameters resulted

in a significantly lower SAR at 3 T compared to 1.5 T while

maintaining similar or increased tissue contrast and conspi-

cuity.20 Such modifications include decreasing the flip angle

of the imaging sequence and increasing the repetition time.

In practice, however, sequence parameters and RF pulse

design are automatically adjusted by the scanner to lower SAR.

A recent retrospective study found that when comparing opti-

mized fetal MRI in the second and third trimesters at 1.5 T and

3 T, the mean SAR was statistically equivalent.9 In addition,

99.9% of the sequences had an SAR of 2 W/kg or less (ie, the

upper limit for MRI under normal operating mode) although it

was noted that some higher SAR sequences such as 3 dimen-

sional (3D) SSFP may require modification at 3 T to keep the

energy delivered to the patient as low as possible. In newer

systems, RF shimming with multi-channel transmit coils will

be able to optimize the power, phase and waveform shape of

the individual RF sources to each patient’s anatomy, thus pre-

venting hotspots and reducing overall SAR.21

Recommendations

� MRI of pregnant patients should be performed in nor-

mal operating mode (whole body averaged SAR limit

of �2 W/kg), which limits body temperature rise to

0.5�C. To ensure accurate SAR calculations, it is rec-

ommended that the patient’s weight be taken immedi-

ately prior to MRI.

� The preponderance of studies have shown no adverse

outcomes attributable to MRI in any trimester at either

1.5 T or 3 T; however, out of an abundance of caution,

1.5 T is preferred in the first trimester if both field

strengths are available.

Acoustic Noise

Acoustic noise from MRI occurs primarily as a result of Lor-

entz forces, which are generated with rapid current alterations

in the gradient coils.22 The Lorentz forces are proportional to

the main magnetic field strength and the gradient current. With

increasing use of higher field strengths (> 1.5 T) and more

powerful gradient systems, noise levels can exceed 110 A-

weighted decibel (dB(A)).23,24 Noise levels also depend on

hardware design, location in relation to the scanner, and

sequences used. Noise levels are particularly loud at the bore

entrance.23 In addition, noise levels are increased during cer-

tain sequence types, such as echo planar imaging, fast gradient

echo sequences or 3D sequences such Magnetization Prepared

Rapid Acquisition Gradient Echo (MP-RAGE).25 Certain

sequence protocol parameters such as smaller field of view,

shorter repetition time (TR) and to a lesser extent, thinner slice

thickness also increase noise levels.23

The primary concerns revolve around the fact that loud

noise levels generated by the MR scanner may potentially

damage fetal hearing, particularly in the early stages when the

related structures are being developed. Fetuses have been

reported to respond to low frequency (100-500 Hz), high inten-

sity (> 100 dB(A)) noises by 19 weeks of gestation,26 though it

is unclear whether this timeframe was calculated based on the

last menstrual period or from conception date. By 24 weeks of

gestation, the auditory organs are fully developed and fetuses

have been reported to respond to higher frequency tones (1000

and 3000 Hz) by 35 weeks gestation at <100 dB(A) intensity.26

Fetuses may therefore theoretically be at risk of hair cell dam-

age or abnormal development of hearing structures when

exposed to loud noises. Sheep are commonly used as a fetal

animal model to extrapolate data as they share many common-

alities with humans in terms of development (in particular, for

inner ear function) and transmission physics.27 Although lim-

ited in sample size, sheep studies have demonstrated that noises

<1000 Hz in utero are attenuated as little as 2-3 dB; the degree

of attenuation increases with higher noise frequencies (>1000

Hz), ranging from 20-40 dB of attenuation.28 However, how

much the noise is attenuated within the maternal tissue and

amniotic fluid in humans remains uncertain.

Noise at 1.5 T

First trimester. Ray et al. have presented the largest retrospective
database to date, with 1,737 fetuses scanned at 1.5 T during the

first trimester. These were compared to approximately 1.4 mil-

lion fetuses who did not undergo MRI, and children were fol-

lowed until 4 years of age.3 No differences in hearing were

detected, in agreement with previous studies that performed

otoacoustic testing soon after birth.13,19,29,30 In studies with

long-term follow up, Streizek et al13 reported 44 fetuses that

were scanned during the first trimester had no hearing impair-

ments when tested at birth or 3-month follow up.
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Second and third trimester. Similar to Ray et al., a large retro-

spective database with 96 fetuses that were scanned during the

second and third trimester found no effect on fetal hearing

when compared to over 10,000 control neonates who were not

exposed to fetal MRI. Similar findings were reported for 707

fetuses when tested at birth and 3-month follow up.13 Smaller

studies have also reported no long-term hearing effects related

to MRI exposure.12,15

Noise at 3 T

First trimester. In a study with 14 fetuses scanned during the first
trimester, and matched 1:2 with unexposed, normal babies, no

significant differences in hearing impairment, when tested at

birth or 1 month follow up, were reported.19

Second and third trimesters. Jaimes et al.30 investigated the

impact of 1.5 T vs 3 T scans on neonatal hearing, with 62

neonates in each cohort. No significant differences in fail rates

of transient otoacoustic emissions test (9.7% vs 6.5%, P¼ 0.74

for 1.5 T and 3 T, respectively) and in the auditory brainstem

response test (3.2% vs 1.6%, P ¼ 0.80 for 1.5 T and 3 T,

respectively) were reported.

Recommendations

� There is currently no evidence of long-term damage to

fetal hearing organs from MRI performed at a field

strength of 3 T or less during the second or third trime-

ster. Although there is no evidence of damage to the fetal

hearing organs during the first trimester either, the avail-

able literature is more limited; if clinically necessary,

first trimester fetal MRI at a field strength of 1.5 T or

below is generally deemed to be safe.

GBCA Use in Pregnancy

Gadolinium-based contrast agents (GBCAs) are vital for many

MRI examinations, providing diagnostic information through

enhancement of signal intensity by shortening the T1-

relaxation of tissues with which they interact. It is estimated

that MRI with GBCA comprise nearly half of all MRI studies

performed.31 GBCAs consist of a gadolinium molecule (which

is responsible for the desired T1 shortening effects observed

with MRI) bound to a chelate, which is used to mitigate the

toxicity associated with unbound gadolinium in the human

body. The composition of the chelated molecule determines

the biochemical property of a particular GBCA, including its

ability to move between body compartments, its ability to

shorten T1 times and also, to some extent, its potential toxicity.

Use of GBCAs have been associated with several uninten-

tional and harmful, or potentially harmful, effects in humans.

The primary concerns in the context of fetal/maternal MRI are:

1) the potential for exposure of the fetus to gadolinium, due to

its ability to cross the placental barrier into the fetal circulation

and amniotic sac, where it can remain indefinitely;32-34 2)

gadolinium retention. Although this is being actively

investigated, the clinical implications of retained gadolinium

remains unknown; and 3) the potential for nephrogenic sys-

temic fibrosis (NSF), a systemic sclerosing condition similar

to scleroderma which has no known treatment.35 These con-

cerns are theoretical, as no studies have reported any adverse

effects when human fetuses were exposed in utero to date.

Exposure During the First Trimester

Teratogenic effects related to GBCA are thought to occur in the

first trimester, during the phase of organogenesis. In humans this

corresponds to the highest risk period for GBCA exposure, and

also the timeframe when GBCA-enhanced MRI is most likely to

inadvertently occur.2 Fetal toxicity in humans has never been

studied in a controlled fashion, and current guidelines extrapo-

late from observational studies, including case series and obser-

vational cohort studies. Most early case reports and cohort

studies reported no adverse effects from GBCA to the fetus.36-38

One small case study with 13 fetuses had 1 fetus diagnosed with

neurofibromatosis, but this was deemed unlikely to be related to

GBCA exposure.39 However, these reports were based off a

small number of patients with limited long-term outcomes

reported, and no control groups were used for comparison. The

largest study assessing the effects of GBCA enhanced MRI in

pregnancy is an epidemiological study using a health care data-

base (Ontario, Canada).3 Exposure to GBCA-enhanced MRI at

any point during pregnancy was associated with increased risk of

NSF-like conditions (HR 1.36; 95% CI, 1.09 to 1.69). Risk was

highest when exposure was during the first trimester (adjusted

HR 1.41; 95%, 1.11 -1.79).3

Exposure During the Second and/or Third Trimesters

Animal studies have demonstrated GBCAs cross the placental

barrier into the fetal circulation and amniotic sac32-34 in the later

stages of pregnancy.40-42 However, clearance from the fetal cir-

culation appears to be rapid. One recent study injected 5-times

the recommended equivalent dosage of gadoterate meglumine

into mice during the equivalent of the third trimester of preg-

nancy. The highest concentration (0.08% of injected dose) was

found 30 minutes after maternal injection, with undetectable

fetal concentrations after 48 hours.43 Another study in macaques,

who were injected with the recommended dosage of 0.1 mmol/

kg gadoteridol during the third trimester, found the highest con-

centration (0.016% of injected dose) between 19-21 hours,

declining to 0.0007% by 45 hours. Despite rapid clearance, daily

repeated, high doses (0.5-2 mmol/kg) of GBCA had multiple

adverse effects in rabbits, including intrauterine fetal demise.44

Small case studies in humans have not reported any adverse

events related to GBCA use during the second or third trime-

sters,45-48 and are in agreement with the findings of Ray et al.

who showed no evidence for adverse outcomes when perform-

ing a subgroup analysis of women exposed to GBCA during the

second or third trimester.3

The effects of gadolinium retention have not been thor-

oughly studied. In the group that studied the effects of

4 Canadian Association of Radiologists’ Journal XX(X)
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gadoteridol in macaques, injected both during the equivalent of

the second and third trimesters, they found gadolinium reten-

tion was consistently seen in the liver and femur of the off-

spring upon tissue sampling at 7 months after birth.49 In

addition, single cases of gadolinium retention were seen in the

juvenile spleen, skin and brain, respectively.49 To our knowl-

edge, there are no human studies assessing gadolinium reten-

tion in tissues related to in utero exposure to GBCA.

GBCA use and Breast Feeding

GBCAs demonstrate minimal binding to milk and plasma pro-

tein, limiting their excretion in breast milk.50 In a study of 20

lactating women, very small amounts (<0.04%, equivalent to

0.57 + 0.71 mmol) of intravenously administered GBCA was

excreted into breast milk.51 It is estimated that less than 0.1% of

this is absorbed by the infant through the gastrointestinal tract.51

Hence, the estimated exposure to the breastfeeding infant is

significantly lower than the recommended weight-based pedia-

tric dose of 0.1 mmol/kg in children under 6 months.52

Recommendations

� Based on the available literature, we do not recommend

GBCA administration unless absolutely necessary.

Informed patient and health care team consent describ-

ing animal and human population data indicating dele-

terious effects to the fetus when GBCA is administered

in utero is recommended.

� Postnatally, following GBCA administration to the

mother, it is safe to continue breastfeeding. However,

if the mother chooses to do so she can discard the milk

pumped within 24 hours following GBCA injection.

Discarding milk beyond 24 hours is of no value.

Medication use to reduce fetal motion

Fetal movements begin between 7-8 weeks of gestation

(defined as the first day of the last menstrual period), with the

emergence of strong and sudden movements by 13-16 weeks

onwards.53 Numerous methods have been explored to reduce

fetal motion over the duration of the MRI and improve image

quality.54 In a recent survey by the European Society of Pedia-

tric Radiology, it was found that 24% of institutions studied

still use maternal sedation (either antihistamines or benzodia-

zepines).55 However, technological advancements that

significantly reduced scan times, including the use of

parallel-imaging techniques, prospective and retrospective

motion compensation techniques and faster pulse-sequences,

have largely eliminated the need for sedatives,56 though there

remains some debate on their use for fetal MRI.

One study reported 19/131 fetal MRIs where diazepam was

administered and found no difference in fetal motion when com-

pared to the control group.57 Another study reported having

difficulties in performing T1-weighted imaging, however seda-

tion was not required to acquire T2-weighted images.58

As an alternative to sedative use, some centres report utilizing

maternal fasting or avoidance of caffeine intake in the 4 hours

immediately prior to MRI in a survey study.59 This is supported

by one ultrasound study that found active fetalmovements during

the first and third hours after food intake.60 However, in a pro-

spective survey study of 228mothers, Yen et al. recently reported

no relationship between intake of high glucose or caffeinated

beverages with fetal motion on MRI.61

Ultimately, based on the limited data available, the use of

sedatives and/or fasting does not appear to be necessary in most

routine cases.

Recommendation

The use of medication to reduce fetal motion is not

recommended.

Occupational Exposure

The concerns regarding energy deposition and acoustic noise,

addressed for pregnant patients, are also applicable to pregnant

MRI personnel, which includes technologists, nurses, physi-

cians, physicists, porters, receptionists, and any other medical

personnel working in or near the magnetic field of the MRI

system. However, there are a few notable differences when

considering exposure of pregnant MRI personnel compared

to pregnant patients. These differences include:

1. The level of exposure of the MRI personnel compared

to the patient with regards to the electromagnetic fields.

MRI personnel may primarily be found in ACR Zones

I-III, with limited time in Zone IV (the MRI scanner

room).62 Outside of Zone IV, exposure to radiofre-

quency and gradient magnetic fields decline rapidly.63

However, MRI personnel remain exposed to the static

magnetic field.64 Additionally, exposure to RF and gra-

dient magnetic fields may still occur if MRI personnel

are needed inside Zone IV during scanning.

2. Length of exposure to the electromagnetic fields over

the course of pregnancy.

3. The exposure of the pregnant MRI personnel carries a

potential risk to the fetus with no benefit to the fetus or

mother (as opposed to patients for which the benefits

are deemed to outweigh the risks).

Electromagnetic Field Exposures

During scanning, MRI personnel may be exposed to 3 different

electromagnetic fields: time-varying magnetic fields, static mag-

netic fields, and pulsed RF fields. Current information does not

indicate any serioushealth effects resulting fromtheacute exposure

of stationary humans to static magnetic fields up to 8 T.65 Results

onhumans in fields up to8Tandon animals up to16T indicate that

there is a substantial margin of safety remaining above the highest

fields now in clinical use, which are in the range of 3-4 T.66

A large-scale study comparing pregnant MRI workers across

multiple clinical and researchMRI sites in the United States with
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other workers and home makers did not demonstrate a correla-

tion between working in the MR environment and offspring

gender or changes in the prevalence of premature delivery, infer-

tility, low birth weight, or spontaneous abortion.67 There is no

information yet available regarding the strength of the magnetic

field versus worker exposure during a specific pregnancy and its

outcome. Likewise, no reliable data are present with regards to

the potential effects (if any) on different stages of pregnancy in

MR personnel. Based on this data, several societies have recom-

mended that it is safe for MR personnel to work in and around

the MRI environment over the course of pregnancy, though they

should avoid remaining in Zone IV during data acquisition.68-70

Acoustic Noise

The data regarding the long-term exposure of pregnant MR per-

sonnel to loud acoustic noise is not clear. Early animal studies

suggest that there is potential for damage with exposure to high

acoustic noise during pregnancy.71-73 In humans, one study

reported no significant differences in the incidence of neonatal

hearing impairment when comparing 65 women exposed to 80-

85 dB(A) per day, 5 times a week for 8 hours against 2,588

controls,74 in direct contradiction to an older paper by Lalande

et al.75 Recently, in a large cohort study that included over 1.4

million single births from 1986-2008, a slightly higher risk of

neonatal hearing dysfunction was found in women were exposed

to noise � 84 dB(A) for 8 hours on average (adjusted hazard

ratio (aHR), 1.05), and greater risk when exposure was � 85

dB(A) (aHR, 1.27). Longer duration of exposure (full time vs

part time vs non-working) and less leave of absence (< 20 days)

were also associated with higher risk of hearing dysfunction.76

Recommendations

� Pregnant MR personnel are safe to work around and

within the 1.5 T and 3 T MR imaging environment. As

a precaution, it is recommended that they do not remain

in the MR imaging bore or magnet room during data

acquisition, though they may enter the room if necessary

(i.e., to position patients; place RF coils; or in response

to an emergency).68

Discussion

Based on our literature review and through expert panel dis-

cussions, recommendations regarding energy deposition,

acoustic noise, GBCA administration, medications to reduce

fetal motion, and occupational exposure to 1.5 T and 3 T MRI

systems have been derived. These are in line with those pre-

sented by other national and international societies (Table 1).

Table 1. Comparison of the recommended guidelines from various international societies and bodies.

Society Ver Energy Deposition Noise GBCA Administration

Breastfeeding
recommendation
following GBCA
administration

Medications to
reduce fetal
motion Occupational Exposure Other

1.5T 3T 1.5T 3T

CAR 2021 1.5 T Preferred for 1st trimester if
necessary, but otherwise appears
safe at 2nd and 3rd trimesters under
normal operating mode

1.5 T Preferred for 1st trimester if
necessary, but otherwise appears
safe at 2nd and 3rd trimesters

Should not be used
unless absolutely
necessary.

Safe to continue.
Choice to
discard milk for
24 hours
following is
optional.

Not
recommended

MRI personnel should
not remain in Zone IV
during scan
acquisition

N/A

ACR 2020 No special
considerations
required as long
as benefits
outweigh the
risks.

Limited
adverse
effects under
normal
operating
mode and
max scan
time of 30
minutes

Current studies have not shown
adverse effects

Adverse effects unclear
and should only be
used when absolutely
necessary. If needed,
Group II agents with
lowest possible dose
recommended and
management of any
side effects should be
the same as those for
non-pregnant
patients. If there are
any concerns for
anaphylactic reaction,
premedication via IV/
PO regimen is
generally safe and
reduces risk to fetus.

Safe to continue.
Choice to
discard milk for
24 hours
following is
optional.

No special
considerations
required as
long as benefits
outweigh the
risks.

For scanners up to 3 T,
MRI personnel are
permitted to work
throughout
pregnancy, but it is
recommended that
they do not remain
within the MR
scanner bore or Zone
IV during image
acquisition.

N/A

ACR-SPR 2020 NR NR NR NR Should not be routinely
administered.

NR NR NR No special
considerations
for any trimester
at either 1.5 T or
3 T as long as the
benefits outweigh
the risk, though
the clinical team
should remain
cognizant of
theoretical risks.

(continued)
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Table 1. (continued)

Society Ver Energy Deposition Noise GBCA Administration

Breastfeeding
recommendation
following GBCA
administration

Medications to
reduce fetal
motion Occupational Exposure Other

1.5T 3T 1.5T 3T

RSNA 2018 Scans using magnets �3 T are
considered safe under normal
clinical usage.

NR NR Use requires careful
consideration of risks
versus benefits.

NR NR NR N/A

ACOG 2017 Not specifically
reported, refer to
the ACR
guidelines.

Not
specifically
reported,
refer to
the ACR
guidelines.

Should be limited to
situations where
benefits clearly
outweigh risks.

Safe to continue. NR NR No special
precautions
required.

SOGC 2014 Scans using �3 T are safe at 2nd and
3rd trimesters. Use only if
necessary during 1st trimester.

NR NR Should be limited to
situations where
benefits clearly
outweigh risks.

Safe to continue. Not required
unless under
extraordinary
circumstances.

NR N/A

SCOR-BAMRR 2019 Magnet strength not
specified, but scans
should be
performed under
normal operating
mode. Patient
weight should be
measured for
adequate
calculation of SAR.
Low SAR
recommended
whenever
possible.

Risk-benefits
need to be
clearly
documented
and
discussed
with the
patient.

Quiet pulse
sequences
should be
used
whenever
possible.

Refer to MHRA
(2015)82

Not recommended
unless absolutely
necessary.

Safe to continue.
Choice to
discard milk for
24 hours
following is
optional.

NR MRI personnel are
permitted to work
throughout
pregnancy, but it is
recommended that
they do not remain
within the MR
scanner bore or Zone
IV during image
acquisition.

Additionally, MHRA,
BIR, RCR guidelines
should be followed.

N/A

RCR on GBCA
use

2019 N/A N/A N/A N/A Not recommended
unless absolutely
necessary. If required,
manage patients in
the same manner as
children aged less
than 1 year.

Safe to continue.
Choice to
discard milk for
24 hours
following is
optional.

N/A N/A N/A

RCR regarding
Occupational
Exposure

2011 N/A N/A N/A N/A N/A N/A N/A Exposure to
electromagnetic fields
in accordance to
MHRA. Otherwise,
MRI personnel are
permitted to work
throughout pregnancy,
but it is recommended
that they donot remain
within the MR scanner
bore or Zone IV during
image acquisition.

Additionally, MHRA,
BIR, RCR guidelines
should be followed.

N/A

AUS-NZ on
GBCA

2019 N/A N/A N/A N/A Pregnancy is considered
a trait with increased
risk for NSF. Caution
for use of less stable,
higher risk
GBCAs.

Negligible risk to
fetus. But
caution for use
of less stable,
higher risk
GBCAs.

N/A N/A N/A

(continued)
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Table 1. (continued)

Society Ver Energy Deposition Noise GBCA Administration

Breastfeeding
recommendation
following GBCA
administration

Medications to
reduce fetal
motion Occupational Exposure Other

1.5T 3T 1.5T 3T

AUS-NZ 2017 When benefits
outweigh the risks,
considerations
should be given to
monitor
temperature,
blood pressure,
and temperature.

Maternal MRI
during 1st
trimester is
preferable over
imaging with
ionising radiation.

Should be limited to
normal or
uncontrolled
operating
conditions, and/
or modes where
temperature
increases are
restricted to
<0.5�C.

Formal informed
consent may be
appropriate.

Not specifically
mentioned.

Should be
minimized.

Not specifically
mentioned.

Should be limited to
situations where
benefits clearly
outweigh risks.

Informed consent
required. Agents with
lower risk for NSF
should be used at
lowest possible dose.

Safe to continue.
Choice to
discard milk for
24 hours
following is
optional.

This should be
documented.

NR MRI personnel are
permitted to work
throughout
pregnancy, but it is
recommended that
they do not remain
within the MR
scanner bore or Zone
IV during image
acquisition.

N/A

ESUR on GBCA
Administration

2013 N/A N/A N/A N/A Should be limited to
situations where
benefits clearly
outweigh risks.

Only low or
intermediate risk
GBCA, at lowest
dose, should be given.

If low or
intermediate
risk GBCA
used, it is safe
to continue.
Choice to
discard milk for
24 hours
following is
optional.

If high risk GBCA
used,
breastfeeding
should be
stopped for 24
hours, and any
milk discarded.

N/A N/A N/A

MHRA 2015 Magnet strength not specified.
When benefits outweigh the risks, it is
recommended that normal
operating mode be used.
Controlled mode can be considered
after careful risk-benefit analysis.

Inconclusive
evidence

N/A Not recommended
unless absolutely
necessary.

If low or
intermediate
risk GBCA
used, it is safe
to continue.
Choice to
discard milk for
24 hours
following is
optional.

If high risk GBCA
used,
breastfeeding
should be
stopped for 24
hours, and any
milk discarded.

NR MRI personnel are
permitted to work
throughout
pregnancy, but it is
recommended that
they do not remain
within the MR
scanner bore or Zone
IV during image
acquisition.

N/A

Japan 2013 NR NR NR NR NR NR NR NR Recommendations
only provided in
the context of
suspected
appendicitis, in
which MRI is
considered a
useful modality.
Contrast should
not be
administered.

(continued)
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When deciding whether or not to proceed with MRI,

thoughtful risk-benefit analysis is prudent. Any prenatal test,

particularly one which may not be part of routine clinical care,

may provoke a heightened sense of maternal, family and health

care team anxiety.77 It is recommended that a detailed explana-

tion of the purpose, course, and risk-benefits be conveyed to the

patient78 to reduce anxiety and emphasize the medical value of

MRI and how the information fromMRI will directly influence

a patient care decision.79 The referring physician can do this

through a leaflet provided to the patient in advance of the MRI,

so that the patients have enough time to review and ask ques-

tions;79 however, a detailed explanation regarding how MRI

will be useful for a particular patient is advised. Suggested

excerpts, based off the findings and recommendations pre-

sented here, have been appended in Table 2.

Based on our findings, non-GBCA enhanced 1.5 T MRI is

considered safe to perform at any trimester. The panel had

conflicting opinions regarding the need, type and value of

patient informed consent for MRI during pregnancy (Table 3).

While some panel members argued that there was no point in

obtaining consent because of no documented or known/proven

risk to fetus based on the available literature, others argue that

consent process may provide an opportunity for the physician

or their delegate to have a face-to-face conversation for verbal

or written consent with the patients, and answer their ques-

tions to reduce any anxiety. Institutions are urged to decide

whether informed consent in this context is required in accor-

dance with their local institutional policy. If MRI is consid-

ered necessary, only normal operating mode should be used at

1.5 T and at 3 T. MRI at 1.5 T is recommended over 3 T if both

are available, due to greater available data supporting the

safety of MRI at 1.5 T in the pregnant patient although 3 T

MRI is also acceptable if 1.5 T is not practical or available.

Regarding fetal MRI during the first trimester, if the scan can

Table 3. Panel Decisions Regarding the Necessity of Informed Consent in Different Scenarios for MRI.

1.5T 3T

Non-Contrast Contrast Non-Contrast Contrast

ICF
Recommendation

Verbal or written consent by radiologist or
delegate according to local institutional
policy

Recommended Verbal or written consent by radiologist or
delegate according to local institutional
policy

Recommended

Table 2. Potential Excerpts That Can be Added to Informed Consent and/or Leaflets Regarding the Various Issues Detailed in this Work.

Concern Suggested excerpt

Energy deposition There are currently no studies demonstrating adverse effects when a pregnant patient is scanned at 1.5 T or 3 T at any
trimester. However, your physician may advise an MRI at 1.5 T or MRI at 3 T, depending on the circumstance.
During the scan, special parameters are used to ensure any potential risks are mitigated further.

Acoustic noise There is currently no evidence of damage to developing hearing structures of the fetus by the noise produced by MRI
during scanning.

GBCA use There may be risks that are associated with GBCA use during pregnancy, and we do not generally recommend it unless
absolutely necessary.

GBCA and lactation A very small amount of GBCA may be excreted in breast milk. The amount is considered safe. However, if you have any
concerns then you can stop breastfeeding for 24 hours, and discard any milk produced during that time.

Table 1. (continued)

Society Ver Energy Deposition Noise GBCA Administration

Breastfeeding
recommendation
following GBCA
administration

Medications to
reduce fetal
motion Occupational Exposure Other

1.5T 3T 1.5T 3T

ISUOG 2017 Informed consent should be obtained.
Scans should take less than 30
minutes.

NR NR NR NR Can be
considered.

Non-enhanced MRI is
not associated with
any known adverse
effects at 1.5 T,
though no
literature is available
for 3 T.

N/A

ICNIRP 2004/
2009

Magnet strength not specified, but
duration should be limited and only
normal operating mode used.

NR NR Should be limited to
situations where
benefits clearly
outweigh risks.

NR Further research
is required.

NR N/A

Abbreviations: GBCA, Gadolinium-based contrast agent; T, Tesla; N/A, not applicable; NR, not reported; IV/PO, intravenous/oral; SAR, specific absorption rate.
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be delayed without altering patient care, this should be con-

sidered as fetal MRI is limited due to the small fetus size and

increased fetal motion; additionally, fetal pathologies may not

be detectable at this time.80

While no adverse events have been reported, due to the

limited safety data available the panel unanimously agreed that

informed consent should be obtained prior to use of non-

GBCA-enhanced 3 T MRI during the first trimester. Consid-

erations with regards to whether informed consent is needed

when scanning at 3 T during the second or third trimesters are

the same as those when scanning at 1.5 T during this

timeframe.

GBCA use is considered contraindicated during pregnancy;

any consideration of use requires careful scrutiny, discussion

by the health care team and informed consent should be

obtained and carefully documented. With regards to lactating

non-pregnant patients, the panel has unanimously agreed that

while it is safe to continue breastfeeding within the 24 hours

after GBCA, because of very small amount of GBCA that may

enter breast milk, the patients choose to discard the milk pro-

duced during this timeframe.
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