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Prenatal
MRI has been increasingly used for detailed visualization of the fetus in utero as well as preg-

nancy structures. Yet, the familiarity of radiologists and clinicians with fetal MRI is still limited.

This article provides a practical approach to fetal MR imaging. Fetal MRI is an interactive

scanning of the moving fetus owed to the use of fast sequences. Single-shot fast spin-echo

(SSFSE) T2-weighted imaging is a standard sequence. T1-weighted sequences are primarily used

to demonstrate fat, calcification and hemorrhage. Balanced steady-state free-precession (SSFP),

are beneficial in demonstrating fetal structures as the heart and vessels. Diffusion weighted

imaging (DWI), MR spectroscopy (MRS), and diffusion tensor imaging (DTI) have potential

applications in fetal imaging. Knowing the developing fetal MR anatomy is essential to detect

abnormalities. MR evaluation of the developing fetal brain should include recognition of the

multilayered-appearance of the cerebral parenchyma, knowledge of the timing of sulci appear-

ance, myelination and changes in ventricular size. With advanced gestation, fetal organs as

lungs and kidneys show significant changes in volume and T2-signal. Through a systematic

approach, the normal anatomy of the developing fetus is shown to contrast with a wide spec-

trum of fetal disorders. The abnormalities displayed are graded in severity from simple common

lesions to more complex rare cases. Complete fetal MRI is fulfilled by careful evaluation of the

placenta, umbilical cord and amniotic cavity. Accurate interpretation of fetal MRI can provide

valuable information that helps prenatal counseling, facilitate management decisions, guide

therapy, and support research studies.
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Introduction

Although ultrasound (US) remains the predominant modality
for evaluating disorders related to pregnancy, fetal MRI has

been increasingly used. In contradistinction to US, MRI visu-
alization of the fetus is not significantly limited by maternal
obesity, fetal position, or oligohydramnios and visualization

of the brain is not restricted by the ossified skull [1,2]. Through
its superior soft tissue contrast resolution, MRI is able to dis-
tinguish individual fetal structures such as lung, liver, kidney,
and bowel [3]. Moreover, MRI provides multiplanar imaging

as well a large field of view, facilitating examination of fetuses
with large or complex anomalies, and visualization of the le-
sion within the context of the entire fetal body [4]. However,

fetal MRI study may give limited diagnostic information in
early gestational age due to the small size of the fetus and fetal
movement [5]. The purpose of this article is to provide a prac-

tical approach for radiologists and clinicians to fetal MRI per-
formance and interpretation by adhering to guidelines. Fetal
MRI technique, including recent advances, is discussed. The

normal developing anatomy of the fetus and pregnancy struc-
tures is described to contrast with wide spectrum of abnormal-
ities. Fetal MR appearance is demonstrated using different
sequences. The current and future anticipated role of fetal

MRI in supporting prenatal counseling, fetal therapy, and re-
search studies are highlighted.
Fetal MRI ethics

MRI is a noninvasive diagnostic examination that does not in-
volve ionizing radiation with no known associated negative

side effects or reported delayed sequels [6]. The American Col-
lege of Radiology white paper on MR safety states that preg-
nant patients can be accepted to undergo MR images at any

stage of pregnancy if the risk-benefit ratio to the patient war-
rants that the study be performed [7] and only if other non-ion-
izing diagnostic imaging methods are inadequate. However, it

is prudent to wait until 17–18th weeks of gestation before per-
forming fetal MRI because of the potential risk to the develop-
ing fetus and the current limitations of fetal MRI created by
the small size and excessive motion of younger fetuses [8]. A

written informed consent is usually required from the pregnant
woman prior to fetal MRI.

Indications for fetal MRI: an overview

Indications for fetal MRI include the confirmation of incon-
clusive sonographic findings and the evaluation of sonograph-

ically-occult diagnoses. It is unlikely that MRI will supplant
US in the primary evaluation of pregnancy status and fetal
well-being [1,2,5,8]. The primary indications of fetal MRI

according to the recommendations of the American College
of Radiology (ACR), and Society for Pediatric Radiology
(SPR) [5] are included in Table 1. MRI is usually required only
for a certain anatomic region, whereas a complete anatomic

survey of the fetus is not required. The most common indica-
tions for fetal MRI are neurological. MRI is commonly used
to investigate underlying etiologies of ventriculomegaly and

morphologic brain abnormalities that are not as readily de-
picted with US such as dysgenesis of corpus callosum, malfor-
mations of cortical development, and posterior fossa
anomalies [5,8]. Fetal MRI may detect subtle neural tube de-
fects not shown by US and determine the level of the defect

in myelomeningocele for potential fetal surgery [2,5,8,9].
The next common indication for fetal MRI is evaluation of

suspicious thoracic masses. MRI has the advantage over US

in differentiating the liver and bowel loops from lung tissue or
masses; this aids in differentiating a congenital diaphragmatic
hernia from a pulmonary mass [3]. Other indications include

suspected airway obstruction caused by neck or thoracicmasses.
While airway can be difficult to evaluate fully with US because
of artifact related to adjacent bony structures and fetal position,
the fluid-filled fetal airways are well seen on T2-weighted MR

images [1,3].MRI could be helpful in providing tissue character-
ization of fetal abdominal masses when US study is nonspecific
[1]. Because of the characteristic signal intensity of meconium,

fetal MRI can distinguish marked bowel dilatation from cystic
masses such as choledochal cyst and ovarian cyst [3]. MRI de-
picts well fetal masses in the context of whole body of the fetus

inmultiple planes, whichmay be underestimated byUS because
of obscuration by bony structures or fetal position [3,4].

MRI is particularly useful in the assessment of pregnancies

complicated by oligohydramnios which can limit the diagnos-
tic sensitivity of US [1,3].

Fetal MRI technique

Sequences

Development of fast MRI sequences significantly decreased fe-

tal motion artifacts and eliminated the need for fetal sedation.
A variety of fast MRI sequences are used to obtain T1- and
T2-weighted images. The names and the acronyms for these se-

quences vary across the MR manufacturers (see Table 2). The
most widely used sequence in fetal imaging is however, the sin-
gle-shot fast spin-echo (SSFSE). Since SSFSE is based on sin-

gle slice acquisition, fetal motion typically affects the
particular slice that is being acquired while motion occurs [10].

T1-weighted images are typically acquired using two-
dimensional gradient echo (2D GRE) sequences as well as a

faster version of the GRE sequence called ultrafast gradient
echo sequences or turbo fast low-angle shot (FLASH). Con-
trary to SSFSE acquisition schemes, in the gradient echo se-

quences all slices are acquired simultaneously. Subsequently,
in the event of slight fetal movement anytime during the acqui-
sition period, all slices are degraded by motion artifacts. In

addition, spatial resolution is lower compared to SSFSE
(Fig. 1) [2]. T1-weighted sequences provide little information
over the T2-weighted SSFSE sequences; however, T1 weighted
images are the sequence of choice for detection of hemorrhage,

calcification, fat deposition and the fetal organs with high T1-
hyperintensity such as thyroid and liver [8,10]. T1-weighted fat
suppression images can increase the dynamic range of fetal

MRI and its ability to more sensitive and specific detection
of hemorrhage or fat [9]. In advanced stages of gestation, T1
weighted sequences are also used for the study of bone marrow

and normal bone developmental stages [10].
Fetal MRI is also performed using balanced steady-state

free precession (SSFP) sequences as balanced fast field echo

(b-FFE) [11,12]. In the case of fetal brain imaging both SSFSE
and b-FEE sequences provide comparable image quality espe-
cially in the 2nd trimester; however, the axonal myelination in



Table 1 Indications of fetal MRI.

Fetal organs Indication main category Indication sub category

Brain Congenital anomalies Ventriculomegaly; corpus callosal dysgenesis;

holoprosencephaly; posterior fossa anomalies;

malformations of cerebral cortical development

Screening fetuses with a family risk for

brain anomalies

E.g. tuberous sclerosis; corpus callosal dysgenesis;

malformations of cerebral cortical development

Vascular abnormalities Vascular malformations; hydranencephaly;

infarctions; monochorionic twin pregnancy

complications

Spine Congenital anomalies Neural tube defects; sacrococcygeal teratomas;

caudal regression/sacral agenesis; sirenomelia;

vertebral anomalies

Skull, face and neck Masses of the face and neck Venolymphatic malformations; hemangiomas;

goiter; teratomas; facial clefts

Airway obstruction Conditions that may impact parental counseling,

prenatal management, delivery planning, and

postnatal therapy

Thorax Masses Congenital pulmonary airway malformations

(congenital cystic adenomatoid malformation;

sequestration, and congenital lobar emphysema);

congenital diaphragmatic hernia; effusion

Volumetric assessment of lung Cases at risk for pulmonary hypoplasia secondary

to oligohydramnios, chest mass, or skeletal

dysplasias

Abdomen,

retroperitoneal and

pelvis

Mass Abdominal–pelvic cyst.; tumors (e.g.

hemangiomas, neuroblastomas, sacrococcygeal

teratomas, and suprarenal or renal masses);

complex genitourinary anomalies (e.g. cloaca);

renal anomalies in cases of severe

oligohydramnios; and bowel anomalies such as

megacystis microcolon

Complications of

monochorionic twins

Delineation of vascular anatomy prior to laser

treatment of twins; assessment of morbidity after

death of a monochorionic co-twin, and improved

delineation of anatomy in conjoined twins

Fetal surgery assessment Meningomyelocele; sacrococcygeal teratomas;

processes obstructing the airway (e.g. neck mass

or congenital high airway obstruction);

complications of monochorionic twins needing

surgery; and chest masses.

N.B. The indications of fetal magnetic resonance imaging are according to the recommendations of the American College of Radiology (ACR),

and Society for Pediatric Radiology (SPR) [5].

Table 2 Parameters of fetal MRI sequences.

Sequence generic names in:

Philips/GE/Siemens

TR (ms) TE (ms) FA (degree) NSA Matrix FOV (mm) Thk/gap

(mm)

Slices

number

Time (s)

T1-2D GRE 120 4 70 1 166/256 300 5/0.5 15 15

T2-SSH-TSE/T2-SSFSE/HASTE 15,000 120 90 1 169/256 200–300 3–4/0–0.5 22 25

b-FFE/FIESTA/True-FISP 3.5 1.7 80 2 256 · 256 300–400 4–6/0 25 25

Ultrafast GRE: TFE/FMPSPGR/turbo-FLASH 7 3 20 3 200 · 256 300 5/0.5 14 14

DWI (b: 0 and 700 s/mm2) 1470 125 90 1 108 · 256 240 5/0.1 16 19

Abbreviations: b-FFE: balanced fast field echo; DWI: diffusion weighted images; FIESTA: fast imaging employing steady-state acquisition;

FLASH: fast gradient echo sequences with low flip angle shot; FMPSPGR (fast multiplanar spoiled gradient-recalled acquisition in the steady

state); FOV: field-of-view; GE: general electric, medical systems Milwaukee, WI; GRE: gradient echo; HASTE: half Fourier acquired single shot

turbo spin echo; mm: millimeter; ms: millisecond; NSA: number of excitations; Philips: Philips Medical Systems, Best, Netherlands; s: second;

Siemens: Siemens, Erlangern, Germany; SSFP: steady state free precession; SSFSE: single shot fast spin-echo; SSH-TSE: 0.5 signal acquired

single-shot half spin-echo; T1-2D GRE: T1 two dimensional gradient echo; TE: echo time ; FFE: turbo field Echo; Thk: thickness; TR:

repetition time; True-FISP: fast imaging with steady precession; turbo-FLASH (fast gradient echo sequences with low flip angle shot). N.B.

Modifications of the parameters may be required for different MRI systems.
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Fig. 2 Prenatal MRI evaluates the fetus and pregnancy struc-

tures. MR imaging using balanced steady state free precession

sequence (b-FFE) of a gravid uterus shows well a 29 weeks old

fetus and pregnancy structures: umbilical cord (black arrow),

placenta (short white arrow), and amniotic sac (long white arrow).

Prenatal MRI is evaluated in a system-oriented approach that

includes the fetus brain, spine, face, neck, thorax, abdomen, pelvis,

and extremities as well as the pregnancy structures.

Fig. 1 Fetal MRI sequences. MR imaging of a fetus at 25 WG

using T1-weighted ultrafast-gradient-echo (a) and T2-weighted

SSFSE (b) sequences. The T1-weighted image has lower spatial

resolution and is more prone to motion artifacts (maternal bowel

peristalsis) compared to SSFSE. The liver emits high signal intensity

on T1-weighted images and low signal intensity on T2-weighted

images (arrows). Note that the signal of the cerebral cortex is

relatively high onT1- and lowonT2-weighted images (arrowheads).
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the third trimester is better delineated by the latter sequence
[12]. In addition, b-FEE is a preferred sequence for visualiza-

tion of the fetal heart and vessels [11]. With a three times lower
RF heat deposition than SSFSE sequence, b-FFE is consid-
ered to be a safer in fetal MRI [12].

Advanced MRI techniques

Advanced MRI techniques such as diffusion-weighted imaging
(DWI) and magnetic resonance spectroscopy (MRS) have been
applied to fetal MRI [8,10,13,14]. Diffusion imaging of the fe-
tal brain has the potential applications for both developmental
and destructive brain processes [8]. Although diffusion-tensor

imaging (DTI) has been applied to fetal brain imaging; how-
ever, its clinical application is currently limited by its long
acquisition times [14]. MRS imaging may provide prognostic

information on brain function by assessing the risk of hypoxia
through the detection of increased creatine (Cr) content [13].
Future sequences can take advantage of parallel imaging to de-

crease the scan time as well as increasing the signal to noise ra-
tio (SNR) and image resolution [10,14].

Patient preparation and imaging protocols

Fetal MRI is usually performed on a 1.5 T superconducting
magnet using a phased-array torso surface coil. Even with ra-
pid image acquisition, motion can still affect the quality of the
fetal MRI. Certain clinical measures can be taken to reduce

motion artifacts during the study such as having the mother
take nothing by mouth for at least 4 h prior the scan to prevent
postprandial motion and to make sure that she empties her

bladder before the study [8]. Generally the mother lies supine
during the examination. In the case the mother does not toler-
ate the supine position. MRI can be performed in the left lat-

eral decubitus. An initial localizer is obtained in the three
orthogonal planes with respect to the mother’s imaging planes,
using 6–8-mm SSFSE T2-weighted sections with a 1–2-mm gap

and a large field of view of (320–400 mm). Scout acquisition is
used for the initial fetal visualization; for optimal signal inten-
sity in the subsequent sequences, the fetal region of interest
should be within the center of the coil. If this is not the case,



Fig. 3 Fetal brain maturation. (a) Axial b-FFE image of a fetal

brain at 20 WG screened for lissencephaly (history of 2 affected

siblings). The brain has a smooth surface and multilayered

parenchyma: an inner dark germinal matrix (white arrow), an

intermediate layer, and an outer dark developing cortex (black

arrow). The ventricles and the subarachnoid spaces are prominent.

On follow up MR imaging at 32 weeks of gestation (b), the fetal

brain shows normal fetal brain maturation in the form of

appearance of cortical sulci, disappearance of the germinal zone

leaving 2 layers (the cortex and white matter), and reduction of the

size of the ventricles as well as the subarachnoid space. The MRI

findings helped in reassuring the expectant parents.

Fig. 4 Intraventricular hemorrhage and ventricular dilatation at

34 weeks gestation. Axial T2-weighted SSFSE image of the brain

demonstrates dilatation of the lateral ventricles more evident at

the occipital horns. Low signal intensity consistent with hemor-

rhage is seen within both lateral ventricles (arrows). The dilated

ventricles are likely due to obstruction of CSF flow caused by the

hemorrhage products.
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the coil has to be repositioned [10]. Following scout acquisi-

tion, a series of images in the axial, sagittal and coronal planes
orthogonal to the fetal body region in question are obtained.
Fetal MRI is an interactive scanning procedure; each acquisi-

tion serves as a scout for the subsequent one in order to avoid
misregistration caused by fetal movement.

Imaging protocols have to be adapted to the suspected
pathology as well as the gestational age. When evaluating
the fetal brain, images should be obtained with a slice thickness

of 3 mm in all 3 orthogonal planes. Examination of the other
fetal organs can be performed with a section thickness of
4 mm. To reduce potential signal intensity loss due to cross-
talk between sections, it is recommended that SSFSE sequence

be acquired in an interleaved fashion with a gap equal to the
section thickness [8,10]. Though respiratory triggering is useful
in decreasing motion, SSFSE images can be acquired during

free maternal breathing too [8]. Due to increase in resolution,
smaller field of view (FOV) is preferred in fetal imaging. How-
ever, FOV should be adjusted to the increase/decrease in the

fetus and/or maternal dimensions, or when aliasing artifact is
problematic [8].

Although intravenous gadolinium-based contrast agents

have not been found to cause any harm to the fetus [15], these
have not been FDA approved for their use during pregnancy.
Until the safety of gadolinium-based contrast materials in
pregnant patients is established, they are not recommended

in fetal MRI. General limitations of fetal MRI include the high
cost, limited availability, MRI-specific absolute contraindica-
tions such as maternal pacemakers and ferromagnetic im-

plants, and claustrophobia [1,8]. In our experience,
claustrophobia is however a minor problem when the patient
is adequately instructed and comforted during the examination

which typically lasts about 30 min. No maternal sedation or fe-
tal sedation/paralysis is necessary in fetal MRI.

Interpretation of fetal MRI

For proper interpretation of fetal MRI, a radiologist and clini-
cian should be familiar with the normal developing fetal anat-

omy (Fig. 2). Fetal age (gestational age: GA) is an important
factor in the depiction of fetal anatomy. Gestational age is esti-
mated on the basis of the time of the last menstrual period
compensated by the measurements on US images in weeks



Fig. 5 Normal fetal MRI anatomy of midline structures and

posterior fossa. Midline sagittal b-FFE image of normal fetal

brain at 34 WG demonstrates the corpus callosum (arrowhead),

position of the tentorium cerebelli, normal cerebellar vermis,

brainstem with preserved anterior pontine flexure (arrow), and a

cisterna magna of less than 10 mm in diameter.

Fig. 6 Cerebellar hypoplasia. Sagittal b-FFE image of a fetal

brain at 24 WG shows hypoplastic cerebellum within a normal-

sized posterior fossa. Absence of the anterior pontine flexure,

resulting in a flat pons (arrow), indicates dysplastic brainstem.

Brainstem involvement, a finding that could not be visualized in

the ultrasonographic study, worsened the prognosis and outcome

expectations of the case.

ig. 7 Molar tooth sign in Joubert syndrome and related

erebellar disorders (JSRD). Axial b-FFE image of fetal brain at

e level of the pontomesencephalic junction at the age of 19 WG

hows molar tooth sign (MTS) (arrow) in the form of a thick

longated horizontal superior cerebellar peduncles, and deformed

urth ventricle with increase in its antero-posterior dimension.

ote the associated cerebellar hypoplasia with enlarged cisterna

agna (arrowhead).

Fig. 8 Dandy Walker malformation. Sagittal b-FFE image of a

fetal brain at 26 W shows a markedly enlarged posterior fossa with

elevated tentorium cerebelli (black arrow). The large cisterna

magna communicates freely with the 4th ventricle due to defective

cerebellum. The associated marked hydrocephalus and posterior

cephalocele (white arrow) indicate poor postnatal outcome with

higher recurrence risk and incidence of chromosomal

abnormalities.
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(WG: weeks of gestation). Interpretation of fetal MRI is dis-
cussed here using a system-oriented approach.

Central nervous system

For convenience, normal and abnormal developing brain is

discussed under the following subheadings: cerebral paren-
F

c

th

s

e

fo

N

m

chyma, ventricular system and midline structures, and poster-
ior fossa.

Cerebral parenchyma

MRI of the normal fetal cerebrum is characterized initially by
the presence of a smooth surface and large ventricles. But as

the brain matures the sulci form [16]. Knowledge of the timing
of appearance of sulci is important for proper interpretation of



Fig. 9 Chiari II malformation. Sagittal T2-weighted b-FFE

images of the head of a fetus at 25 weeks of gestation (a) shows a

small posterior fossa (white arrow); obliterated cisterna magna

and fourth ventricle; and marked dilatation of the supratentorial

ventricles (black arrow). Sagittal T2-weighted b-FFE of the dorso-

lumbar spine of the same fetus (b) shows associated myelome-

ningocele between the two black arrows. N.B. The abnormal

thickening of the skin of the face and the nuchal fold (black

arrowheads) is part of hydrops fetalis caused by associated renal

pathology (not shown).
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fetal brain development (Fig. 3a) [14]. The sylvian fissure be-
gins to appear at 16 WG; the parieto-occipital and hippocam-

pal sulci begin to appear at 22 WG. The cingular and calcarine
begins to appear at 24 WG; the central sulcus start to appear
from 26th WG. At 27 WG, the marginal, precentral, postcen-

tral, and superior temporal sulci can be visualized. The supe-
rior and inferior frontal sulci appear from the 29th week of
gestation. The inferior temporal and collateral sulci are first
seen at 33 WG [16]. As early as 34 weeks WG, sulcation is
complete and appears similar to that in an adult (Fig. 3b)
[8,16,17].

Different layering patterns are observed in fetal brain MRI,

depending on the age of the fetus. Early in gestation, cerebral
parenchyma is differentiated into three layers: the germinal
matrix, the cortical plate, and the intermediate layer. The ger-

minal matrix appears as a dark band that outlines the lateral
ventricles on T2-weighted MR images (Fig. 3a). Like the ger-
minal matrix, the cortical plate appears as a dark band on

the T2-weighted images and bright on T1-weighted images
(Fig. 1). The intermediate zone appears relatively bright on
the T2-weighted images, and dark on the T1-weighted images.
The multilayered MR pattern of the brain parenchyma corre-

sponds to cellular migration [17]. At 24–27 WG and later, the
germinal matrix disappears resulting in the differentiation of
only two layers [8,17]. Myelin can be seen at 22–40 WG [12].

Cortical malformations are identified in MRI by noting
alteration of the normal sulcation pattern from a fetus partic-
ular gestational age. They may be identified as too many sulci

in a less mature fetus (as in polymicrogyria), or too few (as in
lissencephaly) or abnormally deep or abnormally located sulci
(as in schizencephaly) in a more mature fetus [2,8,16]. How-

ever, in order for the diagnosis of lissencephaly to be made
using MRI, the examination must be undertaken late in preg-
nancy at least after 30 WG when most of the primary sulci are
already present. Thin MR slices should be obtained in several

planes so not to miss focal cortical malformations as in schiz-
encephaly [16]. Fetal cerebral parenchymal abnormalities in-
clude hemorrhage, gliosis and white matter edema.

Hemorrhage in utero does not seem to behave any differently
from what is understood postnatally. The good contrast reso-
lution of MRI allows detection of small intraparenchymal

hemorrhages. On T1-weighted sequence, hemorrhage can ap-
pear as high signal intensity. While T2-weighted sequence
may reveal hypointense hemorrhage secondary to intra- or ex-

tra-cellular met hemoglobin (Fig. 4) [8]. Gliosis and white mat-
ter edema appear as T2-hyperintense and T1-hypointense
lesions. DWI will facilitate detection of white matter changes
at an earlier stage in a more objective manner [16].

Ventricular system and midline structures

The fetal cerebral lateral ventricles show physiologic dispro-
portionate enlargement of the occipital horns in relation to
the frontal horns that remains until 23 WG; thereafter they

gradually become smaller [18]. The standard measurement of
the cerebral ventricle is obtained in an axial plane through
the atrium [18,19]. Ventriculomegaly is diagnosed when the

width of atria measures more than 10 mm [18]. Congenital ven-
triculomegaly is a heterogeneous disease for which genetic,
infectious, ischemic, and neoplastic causes have been impli-
cated [20]. Because the prognosis of fetal ventriculomegaly is

worse in presence of additional abnormalities, the prenatal
detection of such abnormalities is critical [19]. MRI has an
important role as an adjunctive tool to sonography in the eval-

uation of ventriculomegaly; it can rule out the diagnosis, con-
firm the finding or add associated abnormalities not amenable
to sonographic diagnosis. Sonographically-occult findings in-

clude developmental abnormalities (such as agenesis of the
corpus callosum, cortical malformations, cerebellar dysplasia,
Walker–Warburg syndrome, and ponto-cerebellar dysplasia),
as well as destructive abnormalities (such as a periventricular

leukomalacia, porencephaly and subependymal hemorrhage)



Fig. 10 Fetal face anatomy. Sagittal b-FFE of a fetus at 28 WG (a) shows the amniotic fluid outlining the facial profile. The profile of

the tongue (white arrow), nose, lips and chin are well delineated. The palate (black arrow) separates the high intensity fluid in the oral

cavity and the hypo-pharynx. Axial T2-weighted SSFSE image (b) of a fetus at 31 WG shows the jaw and the tooth buds (arrows).

Coronal T2-weighted SSFSE images at the level of the orbits (c) and more superficially (d) of a fetus at 24 WG show detailed features of

the face: eye ball-containing lens (arrow), nose and mouth.
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(Fig. 4) [2,8]. Fetal MRI can be helpful in assessing the shape

of the entire ventricular system [20]. The margins of the lateral
ventricles should be carefully scrutinized for any areas of nod-
ularity that may represent periventricular nodular heterotopias
or subependymal tubers in tuberous sclerosis [8].

The corpus callosum can be detected on the midline sagittal
T2-WI as a C-shaped hypointense structure at the superior
margin of the cavum septum pellucidum [1]. Anomalies of

the corpus callosum include hypoplasia, complete or partial
agenesis. The midsagittal fetal MR image enables direct visual-
ization of the corpus callosum and diagnosis of complete or

partial agenesis anomalies (Fig 5) [8]. Axial and coronal MR
images can provide indirect signs of complete agenesis of cor-
pus callosum such as absent cavum septum pellucidum,
straight parallel lateral ventricles, dilated occipital horns of lat-

eral ventricles (colpocephaly), high riding third ventricle, and
unformed cingulate sulcus [2]. Fetal MRI is useful in diagnos-
ing dysplastic/agenetic septum pellucidum and any associated

anomalies related to optic chiasm or pituitary as part of sep-
to-optic dysplasia [19]. Holoprosencephaly is a midline brain
anomaly characterized by variable severity of non-cleavage

of cerebrum, agenesis of corpus callosum, and associated
mid facial anomalies [8].

Posterior fossa

Fetal MRI can determine the global volume of the posterior
fossa and show the position of the tentorium cerebelli
(Fig. 5). It enables a morphological and biometrical analysis
of the posterior fossa structures [20,21]. The cerebellar vermis

is best seen on direct midline sagittal and coronal images. The
cerebellar hemispheres are best assessed on non-oblique axial
and coronal views. Measurements can be made and compared
with established norms [8]. Significant reduction of the trans-

verse cerebellar diameter (TCD) is seen in cerebellar hypopla-
sia. Due to cranio-caudal development of the vermis in
embryogenesis, partial agenesis is always inferior. In the pres-

ence of a proband, MRI at 20–22 WG is recommended to rule
out the possibility of vermian agenesis recurrence. The malfor-
mation can affect the vermis or hemispheres and potentially

the brainstem. Involvement of the brainstem is diagnosed by
the absence of the anterior pontine flexure resulting in a flat
pons (Fig. 6) [21]. Joubert syndrome and related cerebellar dis-
orders (JSRD) can be diagnosed by fetal MRI as early as the

17th–18th weeks of gestation by identifying molar tooth sign
(MTS) [22]. MTS is s sign that results from a combination of
midbrain, vermian, and superior cerebellar peduncle abnor-

malities (Fig. 7) [23]. However, in all of the previously dis-
cussed cases, the posterior fossa is normal in size and the
tentorium cerebelli is in the correct position [21].

The cisterna magna is an important landmark in the poster-
ior fossa. Detection of an enlarged cisterna magna (>10 mm)
should prompt a detailed examination of the fetal brain [22].

Dandy Walker continuum describes a spectrum of anomalies
of the posterior fossa that are diagnosed by an enlarged cis-
terna magna and include: mega cisterna magna (normal 4th
ventricle, vermis and tentorium); Blake’s pouch cyst (cystic



Fig. 11 Craniofacial deformity associated with holoprosenceph-

aly. Mid-sagittal b-FFE in a fetus at 34 WG shows a profoundly

small head results in frontal sloping and abnormal face profile in

this fetus with holoprosencephaly (semilobar). Note the abnormal

anterior fusion of cerebral hemispheres, partial anterior agenesis

of the corpus callosum (arrowhead), and inferior vermian hypo-

plasia (arrow).

Fig. 12 Cystic mass in the anterior neck region. Sagittal (a) and

coronal (b) b-FFE images of a fetus at 20 WG show a large cystic

mass (arrow) is seen on the anterior and right anterolateral aspect

of the neck extends from the floor of the mouth to the thoracic

inlet. The mass is cystic with no evidence of solid components or

septa. Medial proximity of the mass to the airway is noted with no

evidence of displacement or obstruction. Chromosomal studies

indicted Turner syndrome. The expectant parents opted termina-

tion of pregnancy. Autopsy indicated infiltrative cystic hygroma.
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dilatation of the 4th ventricle, normal vermis, and normal ten-
torium); vermian hypoplasia (cystic dilatation of the 4th ven-
tricle, hypoplastic vermis, and normal tentorium); and
Dandy-Walker malformation (DWM) (cystic dilatation of

the 4th ventricle, hypoplastic vermis, and superior displace-
ment of the tentorium) (Fig. 8) [19–21,24].

Obliteration of the cisterna magna is the most consistent

finding in Arnold-Chiari malformation. The most common
forms of Chiari malformation are the types I and II. Chiari I
consists of downward herniation of the cerebellar tonsils. In

Chiari II, the posterior fossa is small with herniation of the
inferior part of the vermis and fourth ventricle, hypoplastic
cerebellar hemispheres and usually supratentorial ventricular
dilatation. Obliteration of the cisterna magna should suggest

a spinal defect as myelomeningocele is always associated with
Chiari II malformation (Fig. 9) [20,22,23].

Spine

The entire length of the fetal spine could be studied in multiple
planes on MRI. Evaluation of the spinal column is thus impor-
tant to detect abnormalities such as neural tube defects

(NTDs). NTD are a heterogeneous group of malformations
resulting from failure of normal neural tube closure early in
embryologic development. NTD include anencephaly, cepha-

locele, spina bifida, and less commonly iniencephaly [9,25].
Spina bifida is a defect of the vertebrae resulting in exposure
of the contents of the neural canal. Similarly, cephaloceles

are diagnosed when contents protrude through a skull defect.
MRI shows well the location and extent of the bony defect
as well as the size and contents of the protruding sacs. [19,21].

Face and neck

The fetal face is an important part of antenatal structural sur-
vey. Facial malformation may indicate an underlying chromo-
some abnormality or syndrome [26–28]. Three-dimensional US
technique has been used to generate accurate detailed images

of the facial surface anatomy [26]. Using the three orthogonal
planes, MRI can help US in assessment of complex craniofa-
cial deformities such as holoprosencephaly and craniosynosto-

sis (Figs. 10 and 11) [29]. MRI enables visualization of the
internal anatomy including the oral and hypo-pharynx. The
fetal airway is fluid-filled and therefore appears bright on
T2-weighted images (Fig. 10a). Because of possible life threat-



Fig. 13 Cystic adenomatoid malformation (CCAM). Axial b-

FFE image of the thorax of a fetus at 24 WG demonstrates

homogeneous moderately high signal intensity involving the left

lung representing Microcystic (CCAM type III) (arrow). The mass

displaces the heart and mediastinal structures to the right side.

Fig. 14 Normal MRI appearance of fetal cardiovascular struc-

tures at 29 WG. Axial T2-weighted SSFSE image of the thorax (a)

shows the heart and aorta (arrow) as signal void structures; no

cardiac details could be depicted. On Axial b-FFE image at the

same level (b), the aorta (arrow) and heart have high signal

intensity delineating the cardiac ventricular morphology and

interventricular septum (arrowhead).
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ening airway obstruction, the identification of neck masses in

utero is crucial determinant of method and location of deliv-
ery. MRI demonstrates the relationship of the masses to the
neck, airway and mediastinum [26]. This has been of emerging

importance as the ex utero intrapartum treatment (EXIT) and
fetal surgery are increasingly being used to manage these fe-
tuses [27]. The most common fetal neck masses are teratomas

and goiters, anteriorly, and cystic hygromas, posterolaterally
[26]. MRI is useful in differentiating goiter form other anterior
neck masses (e.g. teratoma and hemangioma) because of the
characteristic signal intensity of the thyroid being hyperintense

on T1- and isointense on T2-weighted images. Ultrasonogra-
phy is the modality of choice for diagnosis of cystic hygromas
in-utero; however, fetal MRI can be useful in assessment of

infiltration of the cysts into the surrounding structures
(Fig. 12) [26–28]. The differential diagnosis of an extracranial
cystic mass in the posterior neck region includes cystic hygro-

ma or meningo-encephalocele [3,26]. A prerequisite for the
diagnosis of encephalocele in contrast to nuchal cystic hygro-
ma is the demonstration of an associated bony defect in the

skull and protrusions of the brain. MRI provides exquisite de-
tail of both the cranial defect and the herniated contents
[24,25].

Thorax

The normal fetal lungs have homogeneous moderately high
signal intensity on T2-weighted images. With increasing matu-

ration, the fetal lungs show increase in volume and in T2-sig-
nal. Sagittal and coronal images at the level of the
diaphragm clearly show the distinction between the structures

of the thorax and those of the abdomen [29]. The most com-
mon masses within the fetal chest are congenital cystic adeno-
matoid malformation (CCAM), broncho-pulmonary

sequestration, congenital diaphragmatic hernia (CDH), and
hydrothorax. Congenital chest masses have characteristic
MR appearances. On fetal MRI, CCAM appearance varies
depending on whether the lesions are microcystic or macrocy-
stic (Fig. 13) [30]. CCAM may consist of few large cysts (type

I) or more numerous smaller to moderate sized cysts (type II)
of increased T2-signal intensity arising from any lung lobe.
Microcystic CCAM (type III) typically demonstrates homoge-
neous moderately high signal intensity on T2-weighted signal

that could be indistinguishable from bronchopulmonary
sequestration in the absence of a visible feeding artery from
the aorta to suggest the diagnosis of sequestration [30,31].

CDH occurs most commonly in the posterior aspect of the left
hemi-diaphragm due to failure of formation of the diaphrag-
matic leaflets. The presence of liver in the chest in fetuses with

left sided CDH markedly worsens the prognosis. MRI allows
direct visualization of the position of the liver and differenti-
ates meconium-filled herniated bowel loops form cystic lesions

within the chest [3,32]. Assessment of fetal lung development
with MRI has been particularly pertinent to the management
of conditions as chest masses in which prognosis is closely
related to the severity of pulmonary hypoplasia. Marked



Fig. 15 Atrioventricular canal defect. Axial b-FFE image in a

30 weeks’ gestation fetus shows enlarged heart with evident large

atrioventricular septal defect (arrow) and pericardial effusion

(arrowhead).
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reduction of signal intensity as well as lung volumes are char-
acteristic MR findings in fetuses with pulmonary hypoplasia

[31].
Fig. 16 Normal fetal abdomen. MRI of a fetus abdomen at 27 WG u

weighted b-FFE (b), and T1-weighted Turbo FLASH sequence (c). On

the stomach (arrows) and small bowel (arrowheads) has high signal int

b-FFE is less prone to motion artifacts caused by fetal bowel peristals

the fluid in the stomach (white arrow) and small bowel (white arrow

hyperintense (black arrowhead). The high signal intensity of the hepat
It is complicated to visualize the fetal heart with MRI owed
to its small size and high pulsation rate. Depicting fetal heart
and vessels depend on the MR sequence used (Fig. 14). With

SSFSE T2-weighted images, the heart and vessels are demon-
strated as flow void that contrasts well with the hyperintense
surroundings [30]. Balanced steady state free precession se-

quences, as true-FISP or b-FFE, are superior in visualizing
the heart and vessels demonstrated as hyperintense structures.
MRI protocol for studying the fetal heart along body and car-

diac planes has been introduced recently [11]. Fetal MRI
shows potential value in detecting cardiac abnormalities with-
out the need of sedation or fetal cardiac gating. Fetal MRI can
identify positional anomalies of the heart, cardiac malforma-

tions associated with cardiomegaly, different sizes of the car-
diac chambers, and cardiac tumors. Malformations of the
great vessels and atrioventricular canal defects can be visual-

ized in larger fetuses by fetal MRI (Fig. 15) [33]. More studies
are needed to develop fetal MRI cardiac triggering and ad-
vance dynamic sequences needed for evaluation of the anatom-

ical and functional aspects of fetal cardiac pathologies.

Abdomen and gastrointestinal tract

On T2-weighted images of fetal abdomen, organs such as the
esophagus, stomach, intestine, urinary collecting systems,
sing coronal T2-weighted SSFSE sequence (a), coronal oblique T2-

T2-weighted images (a and b), the liver is hypointense; the fluid in

ensity. Note that the bowel loops are seen better in (b) than in (a);

is. On T1-weighted image (c), the liver is moderately hyperintense;

head) is hypointense. The meconium in the colon and rectum is

ic vessels (black arrow) is caused by the unsaturated blood within.
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and bladder appear hyperintense because of the fluid they con-
tain [29]. The meconium is produced after 13 WG and slowly
migrates from small bowel to colon. Due to functional

obstruction of the anal canal at 20 WG, meconium progres-
sively accumulates in the bowel. The proximal intestine ap-
pears hyperintense on T2- and hypointense on T1- weighted

images being formed mainly of ingested amniotic fluid. The co-
lon contains meconium with high protein and minerals con-
tent; it appears hypointense on T2- and hyperintense on T1-

weighted images [29,30,34]. Identification of meconium in the
colon on T1-weighted images can aid in the diagnosis of com-
plex fetal abnormalities (Fig. 16) [34]. The bowel diameters in-
Fig. 17 Omphalocele. Sagittal b-FFE (a) of a fetus at 23 WG

shows the liver (arrowhead) and other soft tissues (arrow) to be

extra-abdominal within a fluid-filled sac (omphalocele). Sagittal

T1-weighted GRE (b) aids in characterization of the herniating

organs: the high signal intensity liver (arrowhead) and the

meconium filled intestine (arrow).
crease with advancing age. At 20 WG small bowel measures 2–
3 mm and large bowel 3–4 mm in diameter. By 35 WG, small
bowel measures 5–7 mm and large bowel 8–15 mm in diameter

[32]. Through recognition of the caliber and signal changes of
small and large bowel, MRI can diagnose bowel atresia and lo-
cate the level of bowel obstruction with widely dilated bowel

loops proximal to the site of stenosis [30]. On MRI, abdominal
organs, and meconium-filled extracorporeal small intestines
can be identified in gastroschisis and omphalocele (Fig. 17)

[30,34,35].
Early in fetal life the majority of erythropoiesis occurs in

the fetal liver. The liver shows high signal on T1- and low sig-
nal on T2-weighted images secondary to increased iron content

from fetal hemoglobin; protein, copper, and zinc likely con-
tribute to the increased T1-signal intensity of the liver
[29,30,36]. The spleen is detectable by 20 WG; it shows homo-

geneous signal that decreases with advancing gestation on T2-
weighted images [29,37]. The gall bladder, a cystic structure
under the lower aspect of the live, could be demonstrated from

18 WG onward. The biliary ducts cannot usually be demon-
strated under normal conditions [32]. Fetal MRI can assess
cystic masses related to the liver. The differential diagnosis

of an intrahepatic cyst includes congenital liver cyst, chole-
dochal cyst, biliary atresia or duodenal duplication. Congeni-
tal hepatic cyst is usually unilocular and, unlike choledochal
cyst, does not communicate with the biliary system (Fig. 18)

[37,38].
Fig. 18 Giant intra-hepatic cyst. Sagittal b-FFE image of a fetus

at 34 WG shows a large unilocular cyst related to the right hepatic

lobe (arrow) that does not communicate with the biliary system.

The cyst is separate from the urinary bladder (arrowhead). The

cyst enlarged rapidly and an elective caesarean section was done at

the age of 38 WG. The newborn was operated upon at the age of

2 days and a large hepatic cyst was removed.



ig. 20 Bilateral polycystic kidneys. Coronal b-FFE of a fetus at

8 WG shows bilateral renal enlargement (black arrows). The
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Genitourinary system

The length, signal intensity on T2-weighted images, and appar-
ent diffusion coefficient (ADC) of the fetal kidney change sig-
nificantly with gestational age [39]. Renal cortex is hypointense

to the medulla on T2-weighted images. Progressive increase in
renal cortex/medulla signal intensity ratio with gestational age
reaches its maximum at term [39,40]. The urinary bladder is
easily recognized as a fluid-filled structure in the pelvis. Since

the fetal pelvis is very small, the filled urinary bladder may oc-
cupy considerable portions of the abdomen in older fetuses
(>30 WG) (Fig. 19) [30]. MRI can show morphological fea-

tures of urinary diseases as cystic lesions of the kidneys
(Fig. 20), obstructive uropathy (e.g. posterior urethral valve)
(Fig. 21), renal tumors, and urinary tract anomalies [40].

Though differentiation of renal cysts from a dilated collecting
system can sometimes be difficult, central cystic lesions are
more likely to be dilatation of the collecting system, whereas

lesions at the periphery are more likely to be renal cysts
[40,41]. The dysplastic fetal renal parenchyma shows increased
signal intensity on T2-weighted images produced by cystic dila-
tation of the collecting tubules [30,40]. A helpful clue to the

diagnosis of a dysplastic kidney is missing of the normal bright
signal on ADC images of DWI [41]. The scrotum and penis are
often recognized in the male fetus. MRI proved to be an excel-

lent technique for revealing different fetal genital diseases as
ovarian cysts and hypo-/epi-spadia [40]. MRI aids also in
assessment of the fetal perineum which is helpful in the fetuses

with cloacal exstrophy and in cases in which gender is an
important consideration for diagnosis [33,40,41].
Fig. 19 MRI appearance of normal fetal kidneys. Sagittal T2-

SSFSE of a fetal abdomen at 25 WG: Note the size and the signal

appearance of the normal kidney between the two arrowheads. The

fluid-filled urinary bladder (white arrow), the adequate volume of

the amniotic fluid, and the developing lungs (black arrow) indicate

good renal function. Note that the urinary bladder can occupy a

considerable portion of the abdomen as a normal finding.

eneralized increase of the signal intensity of renal parenchyma is

roduced by cystic dilatation of the collecting tubules. Both lungs

white arrows) appear as thin dark strips at each side of the hyper-

tense heart. Absence of urinary bladder, marked reduction of

mniotic volume (oligohydraminos), and hypoplastic lungs are

dications of a lethal outcome. Marked hydrocephalus is also

ssociated in this case of Meckel–Gruber syndrome. N.B.

ltrasonographic examination was inadequate in this case due

o marked oligohydraminos.
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Musculoskeletal system and fetal organ volume

Fetal MRI can assess the skeleton and muscles owed to the
innovations in MRI sequence technology such as echoplanar

imaging (EPI), thick slab T2-Weighted, and dynamic se-
quences. Ultrasonography, particularly three-dimensional
imaging, remains the method of choice in measuring bones

and observing abnormal fetal skeletal anomalies such as club
foot or abnormal fingers [29]. Fetal MRI can help in diagnos-
ing complex musculoskeletal abnormalities through careful
assessment of the whole fetus and detection of associated

abnormalities [41]. Echoplanar MR imaging (EPI) are useful
to obtain an overview of thoracic size and skeletal develop-
ment [32]. MRI can detect fetal surface contours, and assess

the integrity of the body wall [2]. Fetal MRI can estimate or-
gan volumes such as lung volume which enables prediction



Fig. 21 Posterior urethral valve. Sagittal b-FFE of a fetus at 29

WG shows dilated urinary bladder and posterior urethra proximal

to obstruction by a posterior urethral valve. The obstructed

urinary bladder and urethra assume a (key-hole appearance). Note

the associated oligohydramnios.

ig. 22 Normal morphological changes of the placenta. T2-

eighted MR image (a) of a gravid uterus at 22 WG reveals the

egular homogeneous placental structure at this age (arrow). At 32

G (b), the placental structure (arrow) shows increased signal

tensity, heterogeneity and lobulations. The short arrow points to

e cross section of the three-vessel umbilical cord: two equal-sized

mbilical arteries and a larger umbilical vein.
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of outcome in fetuses at risk for pulmonary hypoplasia espe-
cially in the third trimester of pregnancy [31,42,43].

Pregnancy-related structures

Evaluation of the placenta, umbilical cord and amniotic sac is
part of the fetal MR examination. The T2-weighted MR

images show the placenta as a moderately hyperintense struc-
ture. Prenatal MRI of the normal placenta shows morpholog-
ical changes during gestation (Fig. 22). At 19–23 WG, placenta

has regular homogeneous structure. With advanced gestation,
placenta shows increase in lobules number and T2-signal inten-
sity. The placenta/amniotic fluid signal ratio significantly de-

creases with advanced gestation. Moreover, the visual
difference between the inner lobular and homogeneous placen-
tal tissue are increasingly marked with ongoing placental mat-

uration [44]. During the placental aging, venous stasis and/or
thrombotic changes may cause areas of normal placental
infarctions that appear as map-like changes [45,46]. Multipla-
nar MR images allow detailed assessment of placental inser-

tion defects and tumors that can guide better management
[47]. The umbilical cord and its insertion are also well demon-
strated in MRI [48,49].

Amniotic fluid abnormality, whether deficient (oligohydr-
aminoms) or in excess (polyhydraminos), is usually the first
clue of an underlying fetal disorder. The amniotic fluid has a

low signal on T1-weighted and a high signal on T2-weighted
images [48]. MRI is useful in the assessment of pregnancies
complicated by oligohydramnios, which can limit the diagnos-

tic sensitivity of US [50,51].
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Role of fetal MRI in prenatal counseling of fetal anomalies

Prenatal counseling helps the family to decide between prena-
tal therapies, postnatal therapies or the interruption of the

pregnancy [52]. Through accurate demonstration of the fetal
disorder, prenatal MRI can play a role in determination preg-
nancy prognosis and management. The additional findings

provided by MRI are helpful to expectant parents and their cli-
nicians in understanding the severity of the abnormality and
reaching an informed decision regarding pregnancy continua-
tion or termination [22,25,53].



Fig. 23 The impact of fetal MRI on management of sacrococ-

cygeal teratoma. Sagittal (a) and coronal (b) T2-weighted SSFSE

images of a fetus at 32 WG show a large pelvi-abdominal mass

(arrows). The mass is multicystic; it has homogenous low signal on

T1-(not shown) and high signal on T2-weighted images. Absence

of solid components, hemorrhage or vessels suggests a benign

lesion. Note that the mass is totally intra-fetal which favors a

vaginal delivery rather than a caesarean section. The mass

compresses the urinary bladder (white arrowhead) and causes

hydronephrosis (black arrowhead). Fetal urinary tract affection

suggests earlier date of delivery. Multiplanar evaluation of the

tumor helps too in postnatal surgery planning.
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Role of fetal MRI in supporting in-utero surgery

Fetal MRI can facilitate management decisions and guide ther-

apy when fetal surgery is a consideration or when delivery is
expected to present unique challenges [54,55]. Conditions in
which fetal MRI appears to contribute to fetal surgical plan-

ning and postoperative evaluation include congenital dia-
phragmatic hernia, cystic adenomatoid malformation,
myelomeningocele, complicated twin pregnancies, upper air-

way obstruction, and sacrococcygeal teratoma [3,54,55].
Sacrococcygeal teratoma is the most common congenital neo-
plasm; its high perinatal mortality and morbidity rates seem to
be related to the content and extent of the mass rather than to

its size [56,57]. The impact of fetal MRI on the management of
sacrococcygeal teratoma is discussed as an example (Fig. 23).
Fetal MRI provides important multiplanar images that may

obviate the need for early postnatal imaging [4]. MR images
are more easily understood by surgeons and other clinicians
resulting in more accurate prenatal counseling and improved

preoperative planning for surgical resection [58].

Role of fetal MRI in supporting research studies

In addition to the clinical indications, MRI is used in research
studies of normal and abnormal human fetal development [59].

Research studies of MRI of normal fetuses at different ges-

tational ages allow establishing of normative measures that
can be used in early identification of developmental abnormal-
ities [22,60,61]. The significant technical progress in fetal MRI
sequences, such as Diffusion Tensor imaging and functional

MRI, as well as the capability of formation of 3-D images
may open the door for future studies of fetal development
and gene therapy [14,62–64].

Conclusions

MRI allows excellent detailed visualization of the fetus in ute-

ro as well as the pregnancy structures. By using a systematic
approach, fetal MRI is useful in the recognition of the devel-
oping fetal anatomy, detection of subtle fetal abnormalities

and evaluation of complex lesions. Prenatal MRI can facilitate
management decisions and guide therapy, particularly when
fetal surgery is a consideration or when delivery is expected

to present unique challenges.
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