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1 Introduction

This book demonstrates that fetal magnetic resonance
imaging (MRI) can provide major benefits in the man-
agement of pregnancy and fetal development. However,
given that many MRI developments are relatively
recent, it remains important to balance these benefits
against any possible risks that MRI may pose to the
fetus. As for all subjects being scanned with MRI,
there are three areas of concern with regard to safety of
the fetus and indeed that of the mother and the MR
worker. These are the static field used to polarize the
nuclear magnetization and provide high signal-to-
noise ratio in the MR data, the time-varying (approxi-
mately kilo Hertz) magnetic fields arising from the
P. Gowland . switched magnetic field gradients used for image
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of these fields will be considered in turn in terms of the
possible risks to the health of the fetus. Following that,
reviews of studies into outcomes of children scanned
as fetuses will be presented. Finally, some other fac-
tors that could affect the well-being of the fetus will be
discussed.

2 Static Field

In the MR safety literature, the term “projectile effect”
is often used to describe the acceleration of ferromag-
netic materials within the vicinity of the stray field of
the magnet, and it is unquestionably the case that this
effect is the primary danger associated with MRIL
Accelerated metal objects can obviously cause serious
injury and this risk is likely to be somewhat increased
when scanning pregnant women because it is likely that
other healthcare professionals and partners may accom-
pany the subject to the scan and even into the scan room.
However, this risk should be mitigated by careful staff
training, scanner room layout, and adherence to appro-
priate local working rules (Kanal et al. 2002, 2004).

Associated with this is the risk of torques or trans-
lational forces on metal objects in the body, or the risks
to the functioning of medical implants. With some
exceptions (body piercing), these risks are less likely
to be an issue in young pregnant subjects than in older
patients, but nonetheless all subjects must be carefully
screened to determine whether they have any foreign
objects in their body.

Large (>2 T) static magnetic fields (or movements
in such fields) are known to affect sensory organs,
leading to a perception of vertigo, a metallic taste in
the mouth and in some instances phosphenes, although
these effects are apparently transient and not associ-
ated with any risks to health (Glover et al. 2007).
These effects are most pronounced when moving rap-
idly through a spatially varying magnetic field, and so
as the mother is likely to be moving slowly when
climbing onto the bed these effects are unlikely to be
a problem for a pregnant woman at normal clinical
field strengths. At very high fields (>16 T) it is possi-
ble that the force on a blood (a conducting fluid) mov-
ing in a magnetic field (the magnetohydrodynamic
effect), might become significant, initially leading to
compensatory changes in blood pressure in the adult,
but there is no consistent evidence that any clinically

significant change can be detected at the field strengths
currently used (Kinouchi et al. 1996). Therefore, this
will also not be a problem for the fetus at the field
strengths currently used, though on going to higher
field strength it should be noted that the fetus may be
more sensitive to this effect than the adult for a num-
ber of reasons. First, the fetus can be lying randomly
orientated with respect to the direction of the static
field, and hence, unlike the adult in most current scan-
ner configurations, it could be aligned in such a way
that the direction of flow is perpendicular to the mag-
netic field (which is the worst-case scenario that was
assumed in the study by Kinouchi et al.) Furthermore,
the fetus has a similar aortic blood flow velocity to the
adult (Marsal et al. 1984), which will determine the
force on the blood, but has a somewhat lower blood
pressure so any compensatory action may need to be
relatively greater.

There have been a number of reviews of the effects
of static fields on embryo development over the last
few years. There is evidence that magnetic fields can
alter the early division of the frog embryo probably
due to variations in the magnetic susceptibility of the
different components of a cell involved in division, but
this effect does not persist to impede later development
(Denegre et al. 1998). There have been a number of
studies suggesting that magnetic fields can interfere
with the chick embryo development, but these effects
are less consistently reported in mammals (HPA 2008;
ICNIRP 2009a, b). Overall, it is concluded that no
adverse effects have been consistently demonstrated
but that more studies are required particularly at fields
about 1 T.

There is no consistent evidence that magnetic fields
are mutagenic, although there are a few studies sug-
gesting that magnetic fields may act synergistically
with other mutagenic agents such as x-rays (Nakahara
et al. 2002) or chemicals. The mechanism for such an
interaction has not been elucidated but could be related
to altered DNA repair mechanisms in a strong mag-
netic field.

3 Gradients

The gradients used in MRI are varied with time dur-
ing the scanning session, and hence induce electric
currents within the human body, which vary at
approximately 1 kHz. It is well known that rapid
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changes or large field gradients can cause peripheral
nerve stimulation (PNS) in adults, and this occurs
well below the threshold at which cardiac defibrilla-
tion occurs. The PNS thresholds for a scanner are
generally determined empirically in adults, and there
is a possibility that the different geometry of a preg-
nant woman could lead to an increased risk of PNS
in certain circumstances, although this would be
unpleasant rather than risky at the levels obtained on
a clinical scanner, and extremely unlikely if the scan-
ner is run in the international electrotechnical com-
mission (IEC) Normal exposure Level. The fetus is
contained within the body where the induced cur-
rents will be lower. Nonetheless, it is sensible to
restrict scanning to the Normal level to reduce the
risk of PNS in the mother.

However, a more significant concern is that the gra-
dients are also responsible for the loud acoustic noise
associated with MRI that can reach 120 dB,. Because
of this high noise level, all subjects should be advised
to wear ear protection while being scanned, but there is
a concern whether the sound intensity level could be
damaging to the fetal ear. There are two routes for
noise transmission to the fetus, airborne noise trans-
mitted through the maternal body wall, and mechani-
cal vibrations transmitted to the fetal ear because the
mother is lying in contact with (is mechanically cou-
pled to) the scanner bed. However, the noise level
reaching the fetal cochlear is significantly reduced
because the fetus is insulated by the mother’s abdomi-
nal wall and amniotic fluid which attenuate the noise in
a frequency-dependent manner (higher frequencies are
attenuated, lower frequencies can be somewhat ampli-
fied) and because the fetal ear is filled with amniotic
fluid preventing the normal amplification of sound by
the ear (Glover et al. 1995; Richards et al. 1992).
Furthermore, the sound exposure is relatively brief
compared to typical occupational sound exposures.
Therefore, it is not expected that acoustic noise will be
a significant problem for fetal hearing. It should be
noted that the noise levels involved certainly exceed
noise levels that, if applied persistently through preg-
nancy, can lead to poor pregnancy outcome, presum-
ably due to maternal stress (Etzel et al. 1997).

To reduce fetal and maternal noise exposure, the
mother should be given adequate hearing protection
herself and should be mechanically isolated from the
bed by using dense mattresses, and loud pulse
sequences should be avoided if alternatives exist. The

acoustic noise is expected to increase with magnetic
field strength, although in practice it is also signifi-
cantly affected by the design of the scanner and couch
and also by the design of the scanner hall.

4 Radiofrequency (RF) Fields

The established risk associated with RF fields is that of
heat deposition, both global heat load and focal heat-
ing potentially leading to local burns. Heating is a par-
ticular concern for fetuses since temperature rises are
known to be teratogenic (Edwards 2006). There have
been a few experimental studies of MRI heating of the
fetus, for instance measuring the temperature rise in
the uterus of a pregnant pig. These studies found no
change in temperature for the sequences used at the
time (Levine et al. 2001).

It should be noted that the most significant source
of RF burns in the adult is due to contact with extrane-
ous electrical conductors (including metal implants,
ECG leads, and RF coils leads), close contact with the
RF coils, and conduction loops setup through the skin
(e.g., by allowing skin of the shins or thighs to touch).
None of these sources of localized burning are likely to
be a problem for the fetuses.

The models of RF deposition used to control the RF
output of the scanners are generally based on models of
the nonpregnant adult, and so recently there have been
a number of studies aimed at modeling typical RF
deposition (Specific Absorption Rate, SAR) within the
fetuses and pregnant mother from MR scanners (Hand
et al. 2006; Shamsi et al. 2006). These studies generally
agree that the highest local peak of SAR is to be found
in the mother with the ratio of fetal peak SAR to mater-
nal peak SAR increasing with field strength and that
maternal local SAR limits will be exceeded if the scan-
ner is only set to limit whole body exposure. However,
SAR is not really the parameter of interest; the biologi-
cally important parameter is temperature rise.

It is difficult to predict the fetal temperature rise for
a given SAR from the standard models applied to
adults since the fetal and maternal circulations are
independent of each other. Adult limits to RF power
deposition assume that there are good routes for heat
loss via the skin (that the scanner bore temperature is
less than 24°C, that the humidity is less than 60%, and
that the subject is not covered with blankets) whereas
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this route is impaired for the fetus since it is contained
within the mother’s abdomen which is at 37°C. This
means that the only route for heat loss from the fetus is
across the placenta, and to a lesser extent by conduc-
tion through the amniotic fluid (Gowland and De Wilde
2008). Fortunately, Hand et al. (2010) have recently
attempted to account for this by modeling the tempera-
ture rise in the fetus due to RF exposure, and their
results suggest that if the scanner is operated in the
IEC normal mode (<2 W/kg whole body exposure)
then the fetal SAR and temperature rises will be within
international safety limits, but in case of a whole body
SAR exposure of 2 W/kg for periods of 7.5 min, the
fetal temperature may rise above 38°C. Therefore, it
would seem unwise to scan fetuses above the Normal
SAR level until further information becomes available.
It would also be sensible to design fetal imaging proto-
cols to limit fetal temperature rise by interleaving the
higher SAR sequences (e.g., HASTE) with lower SAR
sequences (e.g., EPI).

Unfortunately, rapid imaging sequences are required
to reduce the impact of fetal motion on image quality,
such as half fourier acquisition single shot turbo spin
echo (HASTE) and even balanced turbo field echo
(bTFE) tend to be high SAR sequences, although with
more rapid acceleration factors becoming available
with 32 channel abdominal or pelvic coils, this may
become less of a problem. In our lab as a precautionary
measure, we never exceed the first controlled level of
RF exposure when scanning fetuses. A practical con-
sequence of this is that we have only scanned at 1.5 T
and not attempted to scan at 3 T since our experience
suggests that this will only be achieved successfully
with our current hardware by going to the first con-
trolled level.

5 Outcome Studies

There are disappointingly few of studies following
up fetuses exposed to MRI in utero. There have
been a number of studies of fetal well-being during
MRI procedures, monitored using MR compatible car-
diotocograph (CTG) systems. These studies showed no
evidence that MRI changed the fetal heart rate or fetal
movements (Poutamo et al. 1998; Vadeyar et al. 2000;
Michel et al. 2003). A study of the birth weight of
infants scanned with echo planar MRI at 0.5 T (which

therefore had relatively low RF exposure but relatively
high noise level exposure) showed that there was no
evidence of MRI causing reduced fetal growth; there
was some evidence of earlier delivery for the fetuses
scanned with MRI, but this was attributed to increased
intervention in the group of subjects who were scanned
(Myers et al. 1998). When the same infants were fol-
lowed up at 9 months, the only differences found com-
pared to the control group were a small decrease in
length and a small increase in gross motor function
(Clements et al. 2000). A separate group of fetuses
who had similar exposures were followed up at 3 years,
and found no effects of MR exposure (Baker et al.
1994). In a study of children aged up to 9 years old
who had been scanned as fetuses, no adverse effects of
MRI scanning could be observed (Kok et al. 2004).
There have been few studies of the pregnancy out-
comes of MR workers, although an early study found
no major reproductive hazard associated with MRI
work (Kanal et al. 1993).

One common question is how early in gestation can
the fetus safely be scanned? There is no data on the
risks of exposure during the first trimester though it is
probably sensible to avoid scanning in that period since
the fetus is more vulnerable to teratogenic insults dur-
ing that period. Furthermore, heat loss may be even
more compromised before placental blood flow becomes
properly established.

6 Other Issues Related to MR Scanning
and the Well-being of the Fetus

Finally, it is not only the magnetic fields of an MR
scanner that will impact on the well-being of the fetus
and mother during an MR scan. Obviously, it is impor-
tant to avoid any unnecessary stress for the mother of
undergoing a fetal MRI scan, and as with all clinical
procedures, this can be mitigated by careful subject
handling (Duncan et al. 1996).

It is also important to bear in mind the relatively high
risk of aortocaval compression if the mother lies flat on
her back when heavily pregnant. Aortocaval compres-
sion causes hypotension to the mother and makes her
feel unwell and nauseous and also leads to reduced
uteroplacental blood flow. Ideally, subjects should be
scanned in the left lateral position, but this is rarely fea-
sible. However, simply elevating the right hip by 15-20
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cm generally eliminates the problem. Unfortunately, for
most scanner designs this lifts the mother away from the
RF coil. The mother must be closely monitored during
scanning (via the intercom) to ensure she is not expe-
riencing this symptom.

There is some evidence that some MR contrast
agents can cross the human placenta and reach the
fetus (Brunelli et al. 2008). In the light of the recent
evidence that MR contrast agents are associated with
nephrogenic systemic fibrosis (NSF) it would seem
prudent to apply the utmost caution before using MR
contrast agents in pregnancy, considering in particular
the stability of the chelate. Toxicity tests in embryos
must consider the biological half-life of the contrast
agent in the human amniotic sac.

In conclusion, there have been a number of recent
reviews of the effects of MRI and its associated fields
on fetal development, which have concluded that
there is no apparent risk to human fetal development
(Juutilainen 2005). Although it is important to be
extremely careful when undertaking any procedure on
a fetus, there are no apparent risks associated with fetal
MRI, and this procedure must be balanced against the
potential advantages of undertaking the scan.

References

Baker PN, Johnson IR, Harvey PR, Gowland PA, Mansfield P
(1994) A 3-year follow-up of children imaged in-utero with
echo-planar magnetic-resonance. Am J Obstet Gynecol
170(1):32-33

Brunelli R, Masselli G, Gualdi G, De Spirito M, Aarasassi T,
Perrone G, De Pratti V, Arpe SD, Anceschi MM (2008)
Gadolinium-enhanced MRI mapping of placental perfusion
in normal and IUGR pregnancies. Am J Obstet Gynecol
199(6):470

Clements H, Duncan KR, Fielding K, Gowland PA, Johnson IR,
Baker PN (2000) Infants exposed to MRI inutero have a nor-
mal paediatric assessment at 9 months of age. Br J Radiol
73(866):190-194

Denegre JM, Valles JM, Lin K, Jordan WB, Mowry KL (1998)
Cleavage planes in frog eggs are altered by strong magnetic
fields. Proc Natl Acad Sci USA 95(25):14729-14732

Duncan K, Baker PN, Johnson IR, Gowland P (1996) Treat
patients with kindness during magnetic resonance imaging.
Br Med J 312(7043):1421-1421

Edwards MJ (2006) Hyperthermia and fever during pregnancy.
Birth Defects Res A Clin Mol Teratol 76(7):507-516

Etzel RA, Balk SJ, Bearer CF, Miller MD, Shea KM, Simon PR
(1997) Noise: a hazard for the fetus and newborn. Pediatrics
100(4):724-727

Glover P, Hykin J, Gowland P, Wright J, Johnson I, Mansfield P
(1995) An assessment of the intrauterine sound intensity
level during obstetric echo-planar magnetic-resonance-
imaging. Br J Radiol 68(814):1090-1094

Glover PM, Cavin I, Qian W, Bowtell R, Gowland PA (2007)
Magnetic-field-induced vertigo: a theoretical and experi-
mental investigation. Bioelectromagnetics 28(5):349-361

Gowland PA, De Wilde J (2008) Temperature increase in the
fetus due to radio frequency exposure during magnetic reso-
nance scanning. Phys Med Biol 53(21):L15-L18

Hand JW, Li Y, Thomas EL, Rutherford MA, Hajnal JV (2006)
Prediction of specific absorption rate in mother and fetus
associated with MRI examinations during pregnancy. Magn
Reson Med 55(4):883-893

Hand JW, Li Y, Hajnal JV (2010) Numerical study of RF expo-
sure and the resulting temperature rise in the foetus during
a magnetic resonance procedure. Phys Med Biol 55(4):
913-930

HPA (2008) Static magnetic fields (RCE-6). HPA-Advisory
Group on Non-Ionising Radiation, Chilton

ICNIRP (2009a) Guidelines on limits of exposure to static mag-
netic fields. Health Phys 96(4):504-514

ICNIRP (2009b) Amendment to the ICNIRP “Statement on
medical magnetic resonance (MR) procedures: protection of
patients”. Health Phys 97(3):259-261

Juutilainen J (2005) Developmental effects of electromagnetic
fields. Bioelectromagnetics Suppl 7:S107-S115

Kanal E, Gillen J, Evans JA, Savitz DA, Shellock FG (1993)
Survey of reproductive health among female MR workers.
Radiology 187(2):395-399

Kanal E, Borgstede JP, Barkovich AJ, Bell C, Bradley WG,
Felmlee JP, Froelich JW, Kaminski EM, Keeler EK, Lester
JW, Scoumis EA, Zaremba LA, Zinninger MD (2002)
American College of Radiology white paper on MR safety.
Am J Roentgenol 178:1335-1347

Kanal E, Borgstede JP, Barkovich AJ, Bell C, Bradley WG,
Etheridge S, Felmlee JP, Froelich JW, Hayden J, Kaminski
EM, Lester JW, Scoumis EA, Zaremba LA, Zinninger MD
(2004) American College of Radiology White Paper on MR
Safety.2004 Updates and Revisions. Am J Roentgenol
182(5):1111-1114

Kinouchi Y, Yamaguchi H, Tenforde TS (1996) Theoretical
analysis of magnetic field interactions with aortic blood
flow. Bioelectromagnetics 17(1):21-32

Kok RD, de Vries MM, Heerschap A, van den Berg PP (2004)
Absence of harmful effects of magnetic resonance expo-
sure at 1.5 T inutero during the third trimester of preg-
nancy: a follow-up study. Magn Reson Imaging 22(6):
851-854

Levine D, Zuo C, Faro CB, Chen Q (2001) Potential heating
effect in the gravid uterus during MR HASTE imaging. J
Magn Reson Imaging 13(6):856-861

Marsal K, Lindblad A, Lingman G, Eiknes SH (1984) Blood-
flow in the fetal descending aorta — intrinsic-factors
affecting fetal blood-flow, i.e. fetal breathing movements
and cardiac-arrhythmia. Ultrasound Med Biol 10(3):
339-348

Michel SCA, Rake A, Keller TM, Huch R, Konig V, Seifert B,
Marincek B, Kubik-Huch RA (2003) Fetal cardiographic
monitoring during 1.5-T MR imaging. Am J Roentgenol
180(4):1159-1164



54

P. Gowland

Myers C, Duncan KR, Gowland PA, Johnson IR, Baker PN
(1998) Failure to detect intrauterine growth restriction
following inutero exposure to MRI. Br J Radiol 71(845):
549-551

Nakahara T, Yaguchi H, Yoshida M, Miyakoshi J (2002) Effects
of exposure of CHO-K1 cells to a 10 T static magnetic field.
Radiology 224(3):817-822

Poutamo J, Partanen K, Vanninen R, Vainio P, Kirkinen P (1998)
MRI does not change fetal cardiotocographic parameters.
Prenat Diagn 18(11):1149-1154

Richards DS, Frentzen B, Gerhardt KJ, McCann ME, Abrams
RM (1992) Sound levels in the human uterus. Obstet Gynecol
80(2):186-190

Shamsi S, Wu DG, Chen J, Liu R, Kainz W (2006) SAR evalua-
tion of pregnant woman models in 64 MHz MRI birdcage
coil. IEEE MTT S Int Microw Symp Dig 1-5:225-228

Vadeyar SH, Moore RJ, Strachan BK, Gowland PA, Shakespeare
SA, James DK, Johnson IR, Baker PN (2000) Effect of fetal
magnetic resonance imaging on fetal heart rate patterns. Am
J Obstet Gynecol 182(3):666—669



	Safety of Fetal MRI Scanning
	1 Introduction
	2 Static Field
	3 Gradients
	4 Radiofrequency (RF) Fields
	5 Outcome Studies
	6 Other Issues Related to MR Scanning and the Well-being of the Fetus
	References


