
MRI & Pregnancy
Risks and considerations

MR Safety Essentials

Denise Newsom



First Trimester

• Foetal cells are implanting, rapidly dividing and 
undergoing organogenesis.

• Theoretical risk:  Disruption to cell proliferation, 
migration and differentiation and damage due to 
heating

• Result in miscarriage or damage to the organ 
systems.



STATIC MAGNETIC FIELD



Animal experiments

Exposure to static fields of up to 1 T has not been
demonstrated to have an effect on foetal growth or
postnatal development in mice 

(Sikov et al. 1979; Konermann and Monig 1986)

Other studies report a lack of effect on mouse foetal 
development following brief (2–7d) exposure during 
organogenesis to fields of 4.7 T (Okazaki et al. 2001) 

International Commission of Non Ionising Radiation Protection (ICNRP) 
IN 2009 reviewed several animal studies from over the decades



Let’s look at some more recent research

A study was carried out in 2013 where pregnant mice were 
exposed for 75 minutes/day throughout the entire pregnancy at 
the bore of 1.5T and 7T scanners.

Zahedi, Zaun, MAderwald, et al (2013) Impact of repetitive exposure to magnetic fields on pregnancy and 
embryonic development of mice



2013 Study findings
No effects on were found:
• Pregnancy rate
• Duration of pregnancy
• Litter size
• Sex distribution
• Incidence of still births
• Malformations 
• Postpartum deaths 

A slight delay in weight gain in first 8 weeks
Slight delay in the time until eye opening compared to 
control group



2014 study of magnetic field on mice

A similar study carried out in 2014 where mice were exposed in 
utero to at the entrance of scanner bore and iso-centre of 1.5T 
and 7T scanners during whole of prenatal development

Zaun, Zahedi,  Maderwald, et al (2014) Impact of repetitive exposure of mice to strong 
magnetic fields in utero does not impair fertility in adulthood but may affect placental weight



2014 Study findings

• Fertility not affected in males or females
• Decrease in embryonic weight in those animals 

exposed to strongest magnetic field
• Reduced placental weight of offspring of intrauterine 

exposed female mice
• Not observed in the embryos fathered by in utero 

exposed male mice.



Time Varying & RF Magnetic Fields



Time Varying & RF Magnetic Fields

• 2004, ICNIRP concluded no clear evidence that 
exposure to static or low frequency magnetic fields 
can adversely affect pregnancy outcome.

• NRPB 1991 and ICNIRP 2004 both concluded no 
adverse effects expected in a body temperature rise 
of less than 1 degree C



ICNRP Guidance 2020

• New guidelines, replace the 1988, 2009 guidance
• For human exposures in the RF region: 100KHz-

300GHz 
• Applies to occupational exposure and the general 

public
• They do not relate to patient exposures in MRI
• A significant change is that the foetus is now 

considered a member of the public 
• Action: Pregnant workers observe the exposure limits 

for the general public.



Epidemiology
Author Year Subjects Exposure Result Comment

Mur et al 1998 692 Al worker;
588 control

4-30 mT Birth rate 
ratio 1.1
(p<0.001)

Not age 
controlled

Kanal et al 1993 1915 MR 
technologists

10 mT – 2T Slightly higher 
miscarriage 
and early birth 
rate

Age of non-
MR subjects  
lower

Baker et al 1994 20 children EPI 0.5T No hearing 
deficit

No controls

Myers et al 1998 74 in utero Up to 5
scans

No difference 
gestation age 
adjusted birth 
weight

Exposed:
lower 
gestation 
age

Clements et 
al 

2000 20 in utero
35 controls

4 MRI scans Increase in 
length/ gross 
motor 
function

Selection/ 
statistical
issues



• 1st trimester MRI
– MRI – n=1,732 
– No MRI n =1.4M

• Stillbirth or neonatal death 
within 28 days

• Congenital anomaly
• Neoplasm
• Hearing or vision loss 
• birth to age 4 years
• NO INCREASED RISK

• Gd any time during pregnancy
– n = 397
– No MRI, n =1.4M

• stillbirth or neonatal death 
• Rheumatological
• Inflammatory
• Infiltrative skin conditions
• INCREASED RISK

2016 Retrospective study



§ 751 exposed to 1.5T in utero
§ No risk factor for hearing impairment
§ 10,042 non-exposed neonates
§ Oto-acoustic emission
§ Auditory brain stem response (ABR)
§ Birth weight

Safety of MR imaging at 1.5 T in Fetuses: 
A Retrospective Case- Control Study of Birth Weights 
and the Effects of Acoustic Noise

Strizek et al, 2015 Radiology  275: 530-537



Safety of MR imaging at 1.5 T in Fetuses: 
A Retrospective Case- Control Study of Birth Weights 

and the Effects of Acoustic Noise

Birth weight

5/751 abnormal OAE - 0.67%
3/58 abnormal ABR - 5.2%
0/751 abnormal at 3 mo -0%

136  abnormal OAE -1.4%
7/213 abnormal ABR -3.2%
34 abnormal at 3 mo -0.34%

Exposed

Controls



Concerns of raised maternal temperature

Research has shown it can lead to developmental abnormalities

Critical exposures identified as follows:

• An extended core temp rise of 2 C
• A 2-3 C increase for 30-60mins
• Greater than 4 C increase for 15 mins
It is considered the foetal temp is 0.5 above maternal core 
temperature

Normal Mode in MRI scanning limits core temp rise to no more than 0.5 C

Ziskin, Morrissey (2011) Thermal thresholds for teratogenecity, reproduction and development.



RF modelling

Hand et al  2006 MRM 55:883–893
Prediction of specific absorption rate in mother and fetus
associated with MRI examinations during pregnancy

• Foetal peak SAR10g < 
peak maternal

• 40-60% 64 MHz (1.5T)
• 50-70% 128 MHz (3T)
• Hot spot in amniotic 

fluid



Legislation for pregnancy and MRI

• No legislation

• Guidance from:
MHRA (2021)
PHE (HPA)
ICNIRP – new 2020
SOR (BIR/RCR 2009)
SOR (2019) 
American College of Radiology 2020



Guidance

• There is currently no convincing evidence for any 
deleterious effects on the developing foetus from the 
static and time varying magnetic field encountered 
by workers in MR imaging environments. 

Pregnancy and Work in Diagnostic Imaging Departments
BIR, RCR, COR 2009

Safety in MRI Imaging 2019 – Practical/departmental advice



Pregnant Patients – Professional Guidance

• Robust Policy/process in place
• Do not scan if alternative imaging technique
• Clinical benefit outweighs the risk
• Referrer/Radiologist to consent and sign
• Radiographer to consent and sign (Satellite sites)
• Document in notes/RIS
• The foetus in staff has to observe general public level 

for exposure to magnetic fields



Practical Guidance
• Scan in normal mode
• Accurate weight/height
• Use quadrature rf input
• Minimise pulse sequences
• Select low SAR sequences
• Select low noise sequences Whisper/soft tone
• Scan parameters, scan duration, SAR and noise to be 

documented and kept in patient notes, RIS
• Only use gadolinium contrast if necessary and 

authorised by Radiologist



MHRA Advice

• Pregnant staff to inform employer
• Risk assessment
• Pregnant staff do not remain in scan room during 

scan

Many staff do not go into room during 1st trimester –
not based on scientific evidence


