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Summary

Jayapal P, Kyncl M, Rubesova E. Fetal MRI – a brief update on current imaging and indications
Objective: In  this article, the authors describe the most common indications of fetal MRI and the appropriate imag-
ing technique. 

Methods: Fetal MRI image acquisition is explained for the most common indications. The technique is illustrated by 
various cases.

Results: MRI has become an indispensable imaging tool for prenatal diagnosis, characterization, and postnatal man-
agement planning of fetal neurological or body anomalies.

Conclusions: Fetal MRI is an essential diagnostic tool for the diagnosis of challenging and complex fetal anomalies. 
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Souhrn

Jayapal P, Kyncl M, Rubesova E. Fetální magnetická rezonance – stručný přehled současného zobrazení a indikací
Cíl: Autoři se v článku zabývají možnostmi vhodného zobrazení a nejčastějšími indikacemi k magnetické rezonanci u plodu. 

Metody: Na příkladech klinických indikací k diagnostice pomocí magnetické rezonance jsou dokumentována orgá-
nová specifika metody. Popsány jsou nejtypičtější systémově zaměřené indikace včetně nejběžnějších zobrazovacích 
technik. Nálezy jsou doplněny obrazovou dokumentací.

Výsledky: Magnetická rezonance má dnes důležité místo v prenatální diagnostice centrálního nervového systému 
i orgánů plodu, má úlohu v plánování postnatálního managementu.

Závěry: Fetální magnetická rezonance hraje klíčovou úlohu zejména při diagnostice složitějších onemocnění a ano-
málií plodu.
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Introduction
Ultrasound is the first-line imaging modality for diagnosing 
fetal anomalies, however some anatomical structures are 

difficult to image due to fetal position or bone shadowing. 
Although ultrasound has a  great spatial resolution it has 
a relatively low tissue contrast, and some abnormalities may 
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be difficult to characterize on ultrasound alone. The first 
MRI was performed in 1983 in a pregnant patient for placen-
tal abnormality but it is only with the development of rapid 
single shot acquisition in early nineties, that MRI started to 
be used more broadly as an additional diagnostic tool.(1) Al-
though MRI compared with US, is less readily available, and 
more expensive,(2) MRI has become an indispensable imag-
ing tool for prenatal diagnosis, characterization, and post-
natal management planning of fetal neurological or body 
anomalies. Fetal MRI performed before 18 weeks provides 
very limited information since spatial resolution of MRI is 
lower than of ultrasound but can be occasionally performed 
in severe anomalies. In some cases, additional information 
can be obtained before 22 weeks however MRI becomes in-
creasingly helpful thereafter.(3) The use of 3-T magnets in fetal 
MRI has improved the availability and quality of advanced im-
aging sequences and provides diagnostic images.(4)

In this article, we discuss the availability of appropriate 
imaging and common indications for fetal MRI. 

Common clinical indications
Common clinical indications are summarized in the table 1.

Neurological indications
The first fetal MRI’s were performed for brain anomalies 
and neurological indications remain the main indication 
for fetal MRI. Neurological indications are by far predomi-
nant and up to 30% of the fetal MRI scans are performed on 
a 3-T unit.(5) The major advantage of 3-T MRI is its increased 
signal-to-noise ratio, which is linearly proportional to the 
imaging field strength. For fetal MRI neurological indica-
tions, especially for assessment of the posterior fossa, pa-
renchymal lesions and small midline structures, imaging at 
3 T when available is preferable (Fig. 1). When compared to 
ultrasound, MR images are not impacted by the shadowing 
of the skull which is a limitation of ultrasound. Additionally, 
images can be obtained in any plane and are not limited by 
fetal position.(6) Often the abnormalities detected by fetal 
US represent the tip of an iceberg, and further evaluation 
with MRI reveals additional underlying abnormalities. 

One of the most common fetal neurological indications is 
ventriculomegaly, which is defined as ventricles measuring 
more than 10mm in axial plane on US. MRI allows an accu-
rate measurement of the lateral ventricles which is challeng-
ing by ultrasound, especially in the third trimester due to 
bone shadowing from the skull. It allows a better evaluation 
of the brain parenchyma and may reveal additional serious 
abnormalities such as migrational abnormalities, parenchy-
mal or intraventricular hemorrhage, lissencephaly, Chiari 
malformations, agenesis of the corpus callosum.(7) Fetal MRI 
enables to evaluate the process of neuronal migration, to 
assess the lamination of brain structure (accurate visualiza-
tion of the ventricular zone, subcortical plate, and cortex) 
and gyrification at different gestational stages. 

Various MRI sequences are being developed to further 
evaluate the structures of the fetal brain. Among others, 
magnetic resonance spectroscopy (MRS), diffusion tensor 

Table 1: Common indications for fetal MRI

Neuro Body Special indications

Ventriculomegaly Bronchopulmonary foregut malformation, Airway 
obstruction

Complications related to twin gestation

Absent Cavum Septum Pellucidum Dilated bowel, bowel obstruction, Absent stomach Fetal Surgery assessment, follow-up

Agenesis of corpus callosum Congenital diaphragmatic hernia

Microcephaly Lower urinary tract obstruction

Posterior fossa abnormalities Intrathoracic or intraabdominal masses, cysts

Chiari, Dandy-Walker, Blake’s pouch cyst 
malformation

Cloacal abnormality

Neural Tube defects Abnormal extremities, Vascular anomaly

Fig. 1: A 30-week-old fetus with Dandy-Walker malformation. 
A sagittal T2-weighted Single-Shot Turbo Spin Echo (SSTSE) se-
quence at 3-T. MRI shows hypoplastic vermis (arrow) and posterior 
fossa cyst (asterisk).
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imaging (DTI), perfusion imaging, functional magnetic res-
onance imaging (fMRI) and susceptibility weighted imag-
ing (SWI), combined with higher clinically applicable static 
magnetic field strengths have provided new insights into 
brain development.(8)

Fetal MRI plays a crucial role in the evaluation of neural 
tube defects and is required for planning of corrective sur-
gery in utero.

Fetal body indications
MRI plays an increasingly important role in the prenatal 
diagnosis of fetal body pathology and provides detailed 
information about fetal respiratory, gastrointestinal, and 
genitourinary systems. Fetal MRI should be offered when US 
cannot provide certain information crucial for pregnancy 
course, delivery plan and postnatal management. The most 
common fetal body indications are diaphragmatic hernia, 
and bronchopulmonary malformations in the chest, fetal 
bowel obstruction, esophageal atresia, omphalocele, blad-
der exstrophy, lower urinary tract obstruction, various ab-
dominal masses, and vascular malformations (Fig. 2, Fig. 
3).(9) The choice of the magnet intensity (1.5 versus 3 Tesla 
magnet) for body indications is based on several factors. 
Although 3 T offers a better signal to noise ratio, it is also 
associated with worsening of the number of artifacts and 
therefore, in patients with advanced gestational age or with 
polyhydramnios, 1.5 T magnet may be more suitable for fetal 
imaging.

Fig. 2: A 40-week-old fetus with no prenatal care presents with a large left hemidiaphragmatic hernia. A – Coronal Fast Image Employing 
Steady State Acquision (FIESTA) image demonstrating the absence of the left hemidiaphragm with partial herniation of the liver, colon, and small 
bowel loops in to the left hemithoracic cavity (arrow) causing mediastinal shift towards the left. B – Coronal Liver Acceleration Volume Acquisiti-
on (LAVA, T1-weighted) image demonstrating herniated meconium-filled colon within the left hemithoracic cavity (meconium has high T1 signal) 
(arrow). C – Axial FIESTA image demonstrating fluid-filled small bowel loops in the left hemithoracic cavity and displaced mediastinal structures 
towards the right; a portion of the right lung can be partially seen in this image (arrow). 

Fig. 3: A 22-week-old fetus with a giant omphalocele. The sagittal 
Single Shot Fast Spin Echo (SSFSE) image at the midline demonstra-
tes herniation of the liver (arrow) through the anterior abdominal 
wall. A thin membrane can be clearly seen covering the herniated 
liver, which is characteristic of an omphalocele.
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Fetal chest anomalies
Thanks to its tissue contrast superior to ultrasound, fetal 
MRI can delineate and characterize various chest masses. 
In diaphragmatic hernia, it allows the calculation of the vol-
umes of herniated organs and of the lung volumes, which 
helps to establish the prognosis of neonatal outcome.(10)

Bronchopulmonary malformations (BPM) refer to a spec-
trum of pulmonary developmental anomalies that include 
congenital pulmonary airway malformation (CPAM), bron-
chopulmonary sequestration (BPS), congenital lung overin-
flation (CLO) and hybrid lesions (Fig. 4).(11) With advanced 
gestational age, the BPM are more difficult to visualize by 
ultrasound because of the increase in lungs echogenicity. 
Fetal MRI allows to visualize the BPM throughout pregnan-
cy and helps to characterize the type of BPM. Characteriz-
ing the BPM lesions may impact the postnatal management 

process, such as surgical removal or imaging follow up, as 
well as parental counseling.

Finally fetal MRI is very useful to establish patency of 
airways in the setting of neck masses or airway obstruction 
and for the planning of fetal surgeries and EXIT procedures.

Fetal abdominal anomalies
Meconium is characterized by a high signal on T1-weighted 
images, which is due to its high content in fat and bile salts 
and accumulates within the colon. The rectum acts as a res-
ervoir and can be visualized on MRI already in the early sec-
ond trimester. The distribution pattern of meconium helps 
with the diagnosis and location of bowel obstruction (Fig. 5). 
The presence of a microcolon indicates a distal obstruction 
such as distal ileal atresia or meconium ileus in the setting 
of cystic fibrosis. 

Fig. 4: A 25-week-old fetus with bronchopulmonary sequestration 
of the left lung. A coronal T2-weighted Single-Shot Turbo Spin 
Echo (SSTSE) sequence at 1.5-T MRI demonstrate bronchopulmona-
ry sequestration with anomalous arterial supply (arrow). 

Fig. 5: A 35-week-old fetus with colonic atresia. A coronal T1-wei-
ghted Spin Echo (SE) sequence at 1.5T MRI shows subhepatic bowel 
dilatation, hyperintense meconium signal in the intestinal lumen 
(arrow).
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Fetal MRI provides better visualization of renal structural 
and positional abnormalities and may provide additional in-
formation in cases of hydronephrosis and subsequent renal 
changes such as subcortical cysts in the setting of obstruc-
tive dysplasia.

Fetal MRI is a complementary imaging method for the eval-
uation of urogenital and anorectal malformations (ARMs), 
which represent a complex group of anomalies.(12) Fetal MRI 
better than ultrasound determines the localization of the dis-
tal rectum and a fluid filled rectum with calcified meconium 
pellets is an indication of anal atresia with urorectal fistula 
in male or a cloaca in female fetuses. Fluid filled rectum is 
always abnormal and may reflect an ARM or an abnormality 
of meconium formation such as fetal diarrhea. 

Other indications for fetal MRI are congenital abdominal 
cysts such as ovarian, mesenteric, renal or duplication cysts. 
MRI is helpful to evaluate the origin of the cyst, as well as its 
relationship to the surrounding organs. 

Musculoskeletal malformation
Although the indications for fetal MRI have been somewhat 
limited for musculoskeletal abnormalities, MRI has been 
shown to be useful in the setting of arthrogryposis, or to 
establish lung volumes in the setting of severe skeletal dys-
plasia. Further applications of fetal MRI for the imaging of 
extremities are still under investigation.

Fetal MRI in practice
Fetal MRI is performed as soon as possible after sonographic 
diagnosis of an abnormality to give the parents early coun-
seling and the opportunity to terminate a pregnancy where 

the fetus may be severely affected. Some MRI’s may be per-
formed or repeated mid-third trimester in order to plan the 
delivery and postnatal management. In many cases, third 
trimester fetal MRI may replace or delay postnatal imaging 
that requires neonatal anesthesia or radiation exposure.

Fetal MRI can be performed safely on both 1.5 and 3 te-
sla MR magnets.(13) Various practices exist in different insti-
tutions. Accurate assessment of fetal anomalies requires 
a  good knowledge of the imaged problem. Good commu-
nication between the referring physician and the radiolo-
gist is therefore key. At most institutions, the patient has 
a same day ultrasound performed by the same radiologist 
interpreting the fetal MRI to reassess the findings and to pri-
oritize the imaging of the fetal body region and choose the 
sequences that are relevant to the underlying diagnosis. In 
order to decrease fetal motion, patients may be instructed 
to avoid eating and consuming beverages with high sugar or 
caffeine content two hours before the MRI. The patients are 
routinely screened for MRI-unsafe materials in their bodies, 
such as metals, non-MRI compatible pacemakers, etc. The 
patient is placed in the supine position. A surface coil is then 
placed on the abdomen. The average total time for the pro-
cedure is variable based on the fetal motion but is usually 
performed within 30 minutes. 

Conclusion
Fetal MRI plays a  pivotal role in diagnosis of some of the 
most challenging and complex fetal abnormalities. Several 
of the severe fetal anomalies are occult on ultrasound, and 
the ability to diagnose them on the MRI has paved the way 
for novel treatment options such as fetal surgery in select 
diagnoses.  | 
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