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Introduction
Magnetic Resonance Imaging (MRI) is indicated during 

pregnancy for both foetal pathology (CNS abnormalities, neck and 
oropharynx masses, diaphragmatic hernia, placental pathology, 
abdominal masses or intestinal pathology without sufficient 
characterization at ultrasound, suspected foetal infection) and 
maternal pathology (acute abdomen, appendicitis) [1,2]. The 
developing human foetus is considered particularly vulnerable to 
external insults, so that the possible consequences of MRI during 
pregnancy have been widely investigated to isolate possible side 
effects and identify the best safety parameters. The anatomy of 
the human foetus changes every week of gestation, affecting the 
interactions with the external environment. The development of 
the internal organs which are deputed to distribute and excrete 
chemicals (e.g.) strongly affects the pharmacokinetics of contrast 
agents. The main foetal risks during MR examinations include GBCA-
related effects (nephrogenic system fibrosis - NSF -, teratogenicity, 
brain deposit) and physical effects (body temperature increase, 
acoustic injuries related to the scanner noise).

GBCAS-Related Risk Factors
Gadolinium-based contrast agents (GBCAs) administration is 

currently discouraged in ordinary foetal examinations. The ESUR 
9.0 (2014) guidelines restrict the prenatal use of GBCAs only to 
those cases with a clear clinical indication, recommending the 
administration of the lowest possible dose and the use of a stable 
contrast medium (low- or intermediate- risk class, macrocyclic 
contrast agents). In the case of poor maternal renal function, GBCAs 
are contraindicated [3]. The US Food and Drug Administration 
(FDA) [4] consider the GBCAs as part of the class C drugs (used only 
if their benefits outweigh the risks for the foetus). More recently, 
the European Medicines Agency (EMA) concluded its review on  

 
GBCAs, confirming its recommendations to restrict the use of some 
linear Gadolinium-based agents in MRI body scans and to suspend 
the authorisation of others, particularly the intravenous linear 
products. Moreover, the same agency discourages the use of any 
contrast agent during pregnancy [5]. 

A recent study from Ray et al. [6] investigates the effects of MR 
imaging and Gadolinium (Gd) administration during pregnancy, with 
special regards to the first trimester, studying possible long-term 
side effects after 4 years of follow-up. The Authors retrospectively 
analysed 1737 women who underwent an MR examination during 
the first trimester of their pregnancy and 397 women who received 
GBCAs anytime during their pregnancy; both groups were compared 
to a large population of MR-unexposed subjects (1,418,451). The 
study showed similar incidence of abortion (starting from the 21st 
week), congenital abnormalities, tumors and hearing impairment 
in controls and patients who performed an MR examination during 
the first trimester of pregnancy. Minimal visual deficits were 
identified only in a group of patients exposed between the 5th and 
the 10th week (adjusted HR 2.28; 95% CI, 1.09-4.77). In the GBCAs-
exposed group a positive correlation between GBCA administration 
during pregnancy, increased stillbirth and neonatal death was 
identified. Moreover, GBCAs exposure during the first trimester 
was associated with higher risk of rheumatological, inflammatory, 
or infiltrative dermatologic conditions (adjusted hazard ratio 1.41; 
95% confidence interval 1.11-1.79).

Overall, the study supports the limitation of foetal MRI during 
the first trimester of pregnancy to those patients showing clear 
clinical indications, not eligible for ultrasound investigation. The 
pharmacokinetic of GBCAs during foetal life is characterized by 
the “recirculation phenomena”: contrast mediums access the foetal 
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bloodstream trough the blood-placental barrier and are excreted 
trough the foetal kidneys into the amniotic fluid. For the fact that 
the foetus continuously ingests small amounts of amniotic fluid, 
GBCAs will recirculate until a balance between their haematic and 
amniotic concentration is reached. This on-going recirculation may 
facilitate the dissociation of Gd contrasts, resulting in release of 
free Gd and formation of toxic Gd salts [7]. Interestingly, a recent 
study on non-human primates reported lower concentrations of 
gadoteridol in the foetal-placental circulation rather than in the 
maternal bloodstream, with subsequent decrease 45 hours after 
the administration and negligible Gd concentrations in liver and 
bones [8]. 

Such results may partially mitigate the concerns about Gd 
pharmacokinetic in humans. However, Ray at al. found a significant 
correlation between maternal GBCA administration during the first 
trimester of pregnancy and late rheumatologic, inflammatory/
infiltrative dermatologic conditions in children [6], highlighting 
the special need of further investigation about the consequences 
of the administration of Gd contrasts during this vulnerable period, 
including long-term follow-ups and more sophisticate animal 
models. Particularly, the recent evidence of brain GBCA deposit in 
both the adult and the pediatric population with regards to different 
classes of contrast agents raises the legitimate suspicion of similar 
dynamics with foetal contrast-enhanced MRI [7, 9-11]. 

Physical Effects
The development of foetal abnormalities in response to 

temperature modifications has been demonstrated in animal 
models, showing teratogenic effects for about 2°C of increase in 
maternal temperature for more than 30 minutes or 4°C for more 
than 15 minutes [12]. More recently, a study by Cannie et al. 
investigated the correlation between the specific sequence acquired 
during the MR examination and the increment in body temperature 
of pig foetuses; particularly, low SAR (Specific Absorption Rate) 
sequences were associated with <1°C variation of body temperature 
after 30 minutes of scanning [13]. Taking in account those 
evidences, a limitation to the foetal MR acquisition time up to 30 
minutes on 1.5T scanners seems reasonable, due possible heating-
related risks for the foetus. Such recommendations currently lack 
for 3T foetal MRI, although no side effects have been reported so far 
[14]. MRI generates loud noise mainly due to the movement of the 
gradients. The acoustic waves interact with the foetus, challenging 
the developing inner ear with mechanical insults that could 
theoretically lead to hearing abnormalities after birth. However, 
such a putative relationship between foetal MR exposure and 
neonatal hearing injury has never been demonstrated in humans 
[15], and the study from Ray et al. may suggest the absence of such 
injuries even after MR-exposure during the first trimester [6].

Conclusion
Currently, there is no clear contraindication to MRI in any 

trimester of pregnancy; however the literature strongly recommends 
a careful case by case evaluation of patients, with accurate risk-

benefit assessment. [16] Some evidences may suggest to limit the 
foetal MR acquisition time to 30 minutes on 1.5T scanners, due to 
possible heating-related risks for the foetus [12,13]. According to 
FDA, ESUR and EMA recommendations on contrast administration, 
the use of GBCAs during pregnancy is not contraindicated and 
should not be avoided in case of clear clinical indications. However, 
the administration should be carefully evaluated in terms of risk-
benefit ratio and the choice of the most stable GBCAs (macrocyclic 
molecules) is strongly recommended [3-5].
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