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Abstract

Introduction We hypothesized that magnetic resonance im-
aging (MRI) can assess fetuses with sonographically
(ultrasonography (US))-suspected neural tube defects
(NTD) that might influence their diagnoses and management
decision.

Methods Institutional review board approval and informed
consents were obtained to perform MRI for 19 fetuses
referred with US-suspected NTD. Prenatal imaging findings
were correlated with management decision, postnatal
clinical, postnatal imaging, and pathology.

Results Prenatal MRI correctly ruled out US diagnosis of
cephalocele in a fetus. In the other 18 fetuses, MRI detected
detailed topography and contents of NTD sacs in five, added
central nervous system (CNS) abnormalities that were not
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apparent on US in three, and confirmed non-CNS findings in
three fetuses. MRI changed diagnosis of 3/19 fetuses (15.8%),
caused minor change in diagnosis of 5/19 (26.3%), and did not
influence US diagnosis of 11/19 fetuses (57.9%). MRI
findings changed/modified management decision in 21% of
the fetuses.

Conclusion Fetal MRI is an important adjunct to US in
assessing NTD. It can identify topography and contents of
sacs, add CNS and non-CNS findings, and influence
management decision.

Keywords MRI - US - Fetal - Myelomeningocele -
Iniencephaly

Introduction

Neural tube defects (NTDs) are a heterogeneous group of
malformations resulting from failure of normal neural tube
closure early in the embryologic development [1]. NTDs
include cranial presentations, such as anencephaly and
cephalocele, as well as spinal presentations that include
spina bifida, and less commonly, iniencephaly. Closed or
open NTD describes the presence or absence of skin
covering the defect [2]. The inheritance of NTD is
multifactorial; it includes non-syndromal sporadic/familial
NTDs and syndromal NTDs such as Meckel-Gruber
syndrome. The estimated recurrence risk for a sporadic
NTD in siblings is 2-5%, a 50-fold increased risk over that
observed in general population, and 25% in autosomal
recessive disorders such as Meckel-Gruber syndrome [1].
Prenatal investigations of NTD include measurements of
the maternal serum alpha-fetoprotein (AFP). However,
elevated AFP is only helpful in detecting open NTD along
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with a list of fetal anomalies that are associated with an
elevated AFP such as omphalocele, Turner syndrome,
oligohydramnios, and sacrococcygeal teratoma [3, 4].
Prenatal imaging of NTD is of utmost importance as the
prognosis of the anomaly varies based on its type, size,
location, involvement of neural tissues, as well as associ-
ated syndromes [4, 5].

Clinicians usually refer their patients for a targeted
ultrasonography (US) examination once NTD has been
suspected. Although sonography remains the primary
imaging technique for evaluating the developing fetus,
significant limitations may exist [2]. These limitations are
largely due to obscuration of portions of fetal intracranial
anatomy caused by reverberative artifacts of the bony
calvarium, engagement of the fetal head deep in the
maternal pelvis, and to the low sensitivity of fetal
sonography to some brain malformations. Sonographic
evaluation of the fetal head and spine can also be hampered
by oligohydramnios and maternal body habitus [6].

Magnetic resonance imaging (MRI) does not suffer from
these restraints and has higher intrinsic sensitivity than
sonography to contrast between various fetal central
nervous system (CNS) tissues [7]. With its superior spatial
and contrast resolution, MRI is a potential prenatal imaging
modality of suspected NTD that might provide anatomic
information not previously available for counseling-
management decision [8—10].

With the expanding role of in utero surgery, the
coordinated effort of many specialists, including pediatric
surgeons, neurosurgeons, maternal-fetal medicine special-
ists, ultrasonographers, and radiologists, with MRI exper-
tise are required [9, 10]. Whether MRI adds value in the
prenatal evaluation of NTDs needs further investigations
[11-14].

The aim of this study is to determine the diagnostic
utility of fetal MRI in fetuses with suspicious sonographic
findings for NTD, especially in the presence of US
technical difficulties, and to weigh the impact of MRI
findings on parents counseling and pregnancy management.

Methods
Subjects

Nineteen fetuses with suspicious US findings for NTDs
were enrolled for fetal MRI in this institutional review
board-approved study between March 2006 and February
2008. A written informed consent was obtained from each
expectant mother prior to MR examination. The mean
maternal age was 25 years (range 21-40). All pregnancies
were singleton with a median gestational age (GA) of
23 weeks SD 5.9 (range 19-39 weeks). The GA was based
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on the last menstrual period and the earliest US biometric
measurements done during the pregnancy.

Suspected NTD referral diagnosis was according to
detailed neurosonographic 2D and 3D studies performed
by three of the authors (E A E-K, M A-R, and MS) with
7-20 years experience in obstetric US imaging (average
15.6 years) using 2.5-5.0 MHz transducers of Accuvix XQ
(Medison, Seoul, Korea) or Voluson E8 (GE healthcare,
Milwaukee, WI, USA) ultrasound scanners. Vaginal US
with 4-8 or 6-12 MHz transducers was performed when
the fetus was in cephalic position or when the fetus was in
breech position and there was a suspected spinal abnormal-
ity. US studies were done with knowledge of the patient’s
history.

Methods

MRI was performed with 1.5 T superconducting magnet
(Intera, Philips Medical Systems, Best, Netherlands) using
a phased-array surface coil. No patients were excluded
because of contraindication to MRI or claustrophobia. Most
patients were positioned supine and head first into the
gantry. Patients who could not lie supine were put in the left
lateral position. CNS images were obtained in the fetal
sagittal, coronal, and transverse planes. Each new acquisi-
tion was prescribed by using images from the immediately
prior acquisition to avoid the misregistration caused by fetal
movement.

T2-weighted images were obtained using SSh/TSE
sequence (Philips proprictary version of single shot fast
spin echo using repetition time TR/echo time TE 10,000/
100 msec, 4 mm slice thickness with no intersection gap,
matrix 196%x256 or 256x256) and balanced fast field echo
(b-FFE) sequence (Philips proprietary version of steady
state free precession: TR/TE 3.5-4/1.7-2 msec, flip angle
(FA) 60-90, 1-2 signals acquired, 256x256 matrix, and
4 mm slice thickness with no inter-slice). The smallest field
of view was used to allow for visualization of fetal anatomy
without aliasing artifact from wraparound of the maternal
anatomy. T1l-weighted MR images were obtained by
using a breath-hold spoiled gradient echo sequence
(TR/TE: 100-140/4.2 msec, 70-90°FA, 256x160-256
matrix, one signal acquired, slice thickness between 4
and 6 mm with an inter-slice gap of 0.2-0.4 mm). No
contrast agent or sedative was used.

All fetal MRI studies were conducted by two radiol-
ogists (SN S, N M) with 10- and 1-year experience in fetal
MRI, respectively. Data obtained by the radiologist at the
time of MRI included referral US diagnosis, GA, and
history of fetal anomalies in previous pregnancies, if
present. MRI studies were reviewed by two radiologists
(S N S, A H-S) in this study with more than 18 years
experience in neuroimaging. MR images were analyzed for
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their detection of NTD, determination of NTD sac contents
and topography, presence of associated CNS, and non-CNS
findings. The cranial level of the studied spinal NTD was
assigned by scanning the fetal spine in a transverse plane.
Each vertebra was sequentially examined, and the most
cephalic vertebra with evidence of laminar separation was
used to identify the lesion level.

The patients and their referring physicians were in-
formed of the results of MRI. Patients counseling was done
by a neurogeneticist (M S Z) of 19 years experience. The
referring physicians were asked how the additional infor-
mation provided by MRI changed patient counseling and
case management.

Reference standards were pathology in cases that went to
termination of pregnancy or a combination of postnatal
MRI, surgery, and postnatal clinical examination in cases
that continued pregnancy.

Retrospectively, we correlated fetal MRI findings with
US and final diagnoses and analyzed MRI findings impact
on diagnosis and counseling-management decision. Abnor-
malities seen at US and MRI and the definitive diagnoses
were graded in a scale of three: a major change (a new
finding unsuspected at US or a change in diagnosis of the
anomaly), a minor change (a slightly different diagnosis
without a change in the classification of the anomaly), and
no change. Changes in case management were grouped by
type of decision to a scale of 4: changed to termination of
pregnancy (TOP), changed to continuation of pregnancy,
different direction of the mode and/or location of delivery
or perinatal care, and no change in management.

Results

All of the cases were referred for fetal MRI due to
inadequacy of their US examinations. Technical difficul-
ties in US studies included large maternal habitus and
advanced gestation (n=5), oligohydramnios (n=4), fetal
position (n=5), fetal spinal deformity (n=1), skull artifacts
(n=3), and maternal abdominal scars (n=1). Referral
indications for fetal MRI and MRI findings in relation to
the US data are included in Table 1. In the 19 cases with
sonographically suspected NTD, fetal MRI correctly ruled
out US diagnosis of cephalocele in a fetus with oligohy-
dramnios (Fig. 1) and documented NTD in the other 18
fetuses. The NTDs included in this study were posterior
cephaloceles (n=6), anterior cephaloceles (n=2), anen-
cephaly (rn=1), iniencephaly (n=1), and myelomeningo-
celes (MMC; n=28).

Fetal MR images were analyzed for findings concerning
the NTD sac contents and topography, as well as for any
associated CNS or non-CNS fetal abnormalities. Fetal MRI
delineated the US findings in 11 fetuses with more clarity

than US did without adding new findings. The cases
included iniencephaly (Fig. 2), anencephaly (Fig. 3),
frontoparietal encephalocele (case number 10), posterior
cephalocele (case number 3), and seven fetuses with MMCs
(cases numbers 4, 6, 11, 13, 15, 17, and 18).

NTD sac topography and contents

Fetal MRI detected details of the NTD sac contents and
topography that were US occult in five fetuses. In case
number 2 (Fig. 4), with suspected posterior meningocele,
fetal MRI showed herniation of bilateral occipital poles into
the meningeal sac and changed the diagnosis to menin-
goencephalocele. In a fetus with anterior cephalocele
(Fig. 5), fetal MRI documented herniation of both lateral
ventricles into the sac and showed basal extension of the
sac. In a fetus with marked kyphoscoliosis (Fig. 6), fetal
MRI demonstrated a neural placode within the suspected
spinal NTD. In two fetuses with posterior cephaloceles of
sonographically undetermined contents, fetal MRI docu-
mented herniated brain tissues in one case (case number 16)
and the presence of only cerebrospinal fluid (CSF) in the
other (case number 19).

In the eight cases with the final diagnosis of MMC,
prenatal determination of the cranial level of the lesion
by US in comparison with the reference standard
(postnatal MRI and postnatal radiographs) were in
agreement in three cases, within one spinal level in
four and could not be determined in one case. Prenatal
determination of MMC level by MRI was in agreement
with the reference standard in four cases, within one
spinal level in three cases and within two spinal levels
in one case.

Associated CNS findings

Hindbrain abnormalities typical for Chiari-Il malformations
(a small posterior fossa with caudal displacement of the
vermis, brainstem, and fourth ventricle; Fig. 6) were
documented by both US and MRI in the eight fetuses with
US diagnosis of open MMC. In three fetuses with suspected
NTDs (cases number 1, 9, and 12), MRI added CNS
abnormalities that were US occult that included partial
vermian hypoplasia, dysplastic brainstem, and multiple
cerebral cortical interruptions (spontaneous ventriculosto-
mies; Fig. 5).

Associated non-CNS findings
In three fetuses with Meckel-Gruber syndrome (cases
number 3, 12, and 16), both US and MRI detected bilateral

multicystic non-obstructive kidneys in association with
posterior cephaloceles. MRI identified with more clarity

@ Springer
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Fig. 1 A 28-week-old fetus in
utero with oligohydramnios
(case 14). a A transverse 2D
ultrasonography (US) shows a
mass at the level of the occiput
and posterior fossa (between
arrowheads) and suspects the
diagnosis of a posterior cepha-
locele. b Sagittal T2-SSFSE
magnetic resonance image
documents a low-positioned
placenta (arrow) and rules out
the US diagnosis of a
cephalocele. Postnatal clinical
examination revealed no
abnormality

than US did dilation of biliary ducts and added pulmonary
hypoplasia in case number 3 (Fig. 7).

No abnormalities were detected on prenatal sonography
that were not apparent on fetal MRI. Table 1 includes final
diagnoses based on reference standard findings, fate, and
the impact of MRI findings on diagnosis and management
decision.

Reference standards

Ten cases had TOP; autopsy was possible in eight. For
religious reasons, parents of two fetuses (cases numbers 1
and 10) refused autopsy but allowed for external examina-
tion of the aborted fetuses. Nine cases continued pregnancy
until term; six of them were delivered by cesarean section.
Reference standard measures for cases that completed

Vi

Fig. 2 A 20-week-old fetus in utero with ultrasonography
diagnosis of iniencephaly (case 5). a Sagittal T2-weighted balanced
fast field echo image shows well a large defect in the occiput and
rachischisis of the posterior vertebral arches of the cervicodorsal
spine with herniated neural tissues (black short arrow). The spinal
retroflexion (white arrow) forces the fetus to look upward with the

@ Springer

pregnancy were a combination of postnatal MRI (n=7),
surgery (n=2), and postnatal clinical examination (n=2) in
the others. No disparity between the used reference stand-
ards and fetal MRI findings in any of the studied cases was
noted.

Impact of fetal MRI findings on diagnosis

In correlation with the reference standard diagnosis, there
was no recorded misdiagnosis on the basis of MR images.
Fetal MRI detected new findings unsuspected at US that
changed the US diagnosis in 3/19 cases (15.8%), detected
US occult findings that caused minor change in the
classification of the anomaly in 5/19 (26.3%), and did not
influence the US diagnosis in the other 11/19 fetuses
(57.9%; Table 1).

mandibular skin directly continuous with that of the chest (black
long arrow). Fetal magnetic resonance imaging documented the fatal
prognosis of the malformation. Labor was induced at 35 weeks of
gestation, and the infant died after 1 h. b Postmortem photograph of
the back of the patient confirmed the diagnosis
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Fig. 3 A 22-week-old fetus in uterus with impacted head in the
maternal pelvis and ultrasonography (US)-suspected diagnosis of
anencephaly; fetal magnetic resonance (MR) imaging confirmation
was requested for medico-legal reasons (case 7). a 3D US image of
the fetal face and head suspects absence of the skull vault (arrow)
and relatively large orbits (arrowhead). b Sagittal T2-weighted

Impact of fetal MRI findings on counseling management

Fetal MR images were used to decide to terminate the
pregnancy in two cases (cases numbers 1 and 2), with a
mean GA of 20.5 weeks SD 2.12 and to continue the
pregnancy of a normal fetus at 28 weeks of gestation. Fetal
MRI directed the mode and location of delivery to cesarean
section at term in a tertiary care hospital in a fetus with a
sonographically occult large exposed neural placode in a
dorsolumbar MMC (case number 8). Fetal MRI did not
influence the management decision in 15 fetuses with mean
GA of 26.06 weeks SD 6.1.

balanced fast field echo MR image documents total absence of the
skull vault and cerebral tissues (black arrow); notice the relatively
large orbits (white arrow). Labor was induced at 23 weeks of
gestation, and the infant died at birth. Postmortem examination
documented the prenatal diagnosis

Discussion

While US has been the traditional mainstay of fetal
imaging, its ability to resolve critical features of CNS
anatomy faces many limitations [14]. Technical limitations
of US studies were attributed in this study to oligohy-
dramnios, fetal position, skull artifacts, large maternal
habitus, advanced gestation, or maternal abdominal scars
from previous surgery. US limitations made the diagnosis
of NTD questionable. Previous reports showed the useful-
ness of fetal MRI in diagnosing NTD in the presence of US
limitations as well as in late stages of pregnancy [6-8, 10].

Fig. 4 A 22-week-old fetus in uterus with ultrasonography (US)
diagnosis of posterior meningocele versus cystic neck mass (case 2).
a Sagittal T2-weighted balanced fast field echo (b-FFE) magnetic
resonance (MR) image shows a large cystic mass at the occiput and
posterior neck region (between arrowheads). b Axial T2-weighted
b-FFE MR image of the brain shows herniation of the occipital poles

(black arrow) into the sac (white arrow) and changes the US
diagnosis to a posterior meningoencephalocele. Because of the poor
prognosis of this malformation, labor was induced at the age of
23 weeks of gestation, and the infant died after 2 h of labor.
Postnatal pathological examination confirmed the diagnosis

@ Springer
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Fig. 5 A 23-week-old fetus in utero with ultrasonography (US)
diagnosis of anterior cephalocele (case 10). a Coronal 2D US image
shows herniation of the cerebral tissue through a calvarial defect
(arrows). b 3D US image of the face and frontal head region shows
the sac. ¢ Coronal T2-weighted balanced fast field echo provided more
detailed topography of the swelling and its contents. The white

In this study, fetal MRI correctly established the
diagnosis of all of the cases referred with sonographically
suspected findings of NTD. Fetal MRI ruled out US
diagnosis of cephalocele in a fetus with oligohydramnios
and confirmed the presence of NTDs in the other 18 cases.

The key for successful fetal MRI is tailoring the study
according to the referral data by an attending experienced
radiologist using the proper sequences [15, 16]. The brain
structures and the entire length of the fetal spine could be

arrowhead points to the basal extension of the sac through an anterior
cranial fossa defect. The arrow points to the disorganized brain and
dilated ventricles within the sac. The black arrowhead points to
cerebral cortical interruption (spontaneous ventriculostomy) that was
occult in US

studied in multiple planes on MRI, which is important to
document possible cranial or spinal presentation of NTDs
[7,9, 17]. In this study, fetal MRI correctly diagnosed nine
fetuses with cranial NTDs (posterior cephaloceles, anterior
cephaloceles, and anencephaly) as well as nine fetuses with
spinal NTDs with MMC and iniencephaly.

Cephalocele in general means herniation of brain matter
through a defect in skull [4]. In the USA, approximately 80%
of lesions are found near the occipital bone. In contradis-

Fig. 6 A 30-week-old fetus in utero with marked kyphoscoliosis
and ultrasonography-suspected diagnosis of myelomeningocele
(case 8). a Sagittal T2-weighted balanced fast field echo (b-FFE)
image of the brain shows a small posterior fossa, obliterated cisterna
magna (arrowhead), and caudal displacement of the hindbrain.
Magnetic resonance imaging findings are typical for Chiari-II
malformation. b Sagittal T2-weighted b-FFE image of the fetal
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torso, documents neural placode (white arrow) herniating in a
dorsolumbar meningocele (arrowheads). Notice the awkward posi-
tion of the fetal head with the face turned backwards (black arrow).
¢ Axial T2-weighted b-FFE at the level of D12 vertebra (arrow)
shows a CSF-filled sac herniating through the posterior vertebral
defect (white arrowhead). The neural placode within the sac exhibits
myelomalacic high signal intensity (black arrowhead)
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Fig. 7 A 28-week-old fetus in utero with marked oligohydramnios
and sonographically suspected diagnosis of a posterior meningocele
associated with Dandy Walker malformation (DWM) and multicystic
kidneys (case 3). a Sagittal T2-weighted balanced fast field echo (b-
FFE) image of the head documents the presence of marked
ventriculomegaly and posterior meningocele (white arrow). Elevated

tinction, many cephaloceles in some countries in Asia as
well as in Egypt involves the frontal bone [2]. In our study,
two out of the eight fetuses with cephaloceles were anteriorly
located. The prognosis of cephaloceles varies based upon the
size, location, involvement of neural structures, and the
presence of any associated syndromes [4]. In this study, fetal
MRI correctly documented varying amounts of brain tissues
and CSF within the studied cephaloceles. Fetal MRI detected
too the details of the contents and topography of five out of
the 18 NTD sacs that were sonographically occult.

MMC is identified by the absence of posterior elements
of the vertebral bodies at affected levels and extension of
the subarachnoid space and neural tissues posteriorly
through the bony spinal defect [18-20].

Leg movement in fetuses with MMC has been observed
in prenatal imaging as early as 16 to 17 weeks of gestation
[21]. In contrast, most MMC fetuses exhibit severe
neurologic impairment of the lower extremities by the time
of birth, suggesting that the neurologic injury may occur
later in gestation due to exposure to the intrauterine
environment [22].

Although surgical closure of MMC is usually performed in
the early postnatal period, intrauterine repair was performed in
a few specialized centers worldwide [23]. The rationale for
prenatal correction of MMC is to repair the defect before
neurologic damage has occurred or when there is still
potential for recovery [24]. A fetus with MMC is considered
for surgery if the GA at the time of the proposed surgery was
26 weeks or less, if the transatrial cerebral ventricular
diameter was less than 16 mm (normal <10 mm), if the
estimated level of the lesion was S1 or above, and if there
was convincing leg and foot motion in the absence of foot or
leg deformity [24, 25].

insertion of the tentorium cerebelli (black arrow), as well as vermian
agenesis are typical for DWM. b Sagittal T2-weighted b-FFE image of
the fetal body shows associated multicystic kidney (arrow) and dilated
biliary ducts (arrowhead) indicating a syndromal neural tube defects
(Meckel-Gruber)

As interest in fetal surgery for open spinal NTDs has
increased, so has the need for more detailed information
from imaging of the fetal brain and spine [24-26]. Fetal
MRI is considered imperative to document the criteria of
selection of in utero repair of MMC and to exclude skin-
covered dysraphic lesions such as lipomyelomeningocele or
myelocystocele [25, 26]. A thick-walled sac, absence of
hindbrain hernia, and lack of elevation of maternal or
amniotic fluid AFP should raise suspicion of an occult
dysraphism such as lipomyelomeningocele or myelocysto-
cele [26].

In this study, fetal MRI correctly diagnosed eight fetuses
with MMC. Accurate determination of MMC lesion level is
critical to the proper counseling of prospective parents of an
affected fetus. Lesion level is correlated with both leg
functions and shunt-dependent hydrocephalus [18]. Recent
studies found that lesion level is an important determinant
of outcome after intrauterine MMC repair. For prenatal
counseling, especially if intrauterine MMC repair is an
option, an error of plus or minus two levels could
substantially affect a prospective parent’s decision to
terminate a pregnancy or choose between intrauterine and
conventional therapy [19]. In this study, prenatal imaging
(US and MRI) determined the cranial level of MMC within
one level of the reference standard in seven out of the eight
cases with MMC (87.5%); the results are in concordance
with a previous study [20]. Although, improved neurologic
function from repair of MMC in utero was reported [27],
definite expectations for improved neurological outcome
have not been yet fulfilled as not all patients benefited from
fetal surgery in the same way [25].

MMCs are almost always seen in combination with a
small posterior fossa and herniation of cerebellar tissue into
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the cervical subarachnoid space (referred to as the Chiari-II
malformation). In general, Chiari-Il malformations and
MMC can be easily diagnosed on prenatal ultrasound [2].
However, previous studies showed that fetal MR imaging
can be a helpful adjunct when sonography analysis is
limited by large maternal body habitus, oligohydramnios,
or low position of the fetal head [8, 9, 11]. In this study,
Chiari-II malformations were documented by both US and
MRI in all the eight fetuses with MMCs.

It has been reported that almost all neonates with
thoracolumbar MMC require ventriculoperitoneal shunting
for hydrocephalus [26]. However, following fetal surgery
for MMC, preliminary findings suggested a reduced
incidence of shunt-dependent hydrocephalus as well as an
improved hindbrain herniation. Serial fetal MRI was used
to document the improvement in hindbrain herniation
following in utero surgery for MMC [27, 28].

Fetal MRI has been reported to be useful in identifying
additional CNS anomalies that could be associated with NTDs
such as hindbrain malformations, corpus callosal dysgenesis,
and cerebral parenchymal abnormalities [2, 8, 19]. In three
out of the 18 fetuses with NTDs in this study, MRI added
CNS abnormalities (dysplastic brainstem, Dandy Walker
malformation continuum, and cerebral cortical interruptions)
that were not apparent on US. Previous reports showed that
prenatal US was occasionally unable to visualize the
brainstem and other posterior fossa structures [29, 30].
Conversely, fetal MR can display the posterior fossa more
clearly especially on midline sagittal image [9]. Parenchymal
abnormalities in association with NTDs frequently cannot be
visualized by US [2]. In this study, multiple cortical cerebral
interruptions (porencephalies due to spontaneous ventricu-
lostomies in case number 9) were occult on US and were
only detected by prenatal MRI.

NTD could be part of a recognized syndrome with
associated non-CNS findings [2]. In three out of six fetuses
with posterior cephaloceles in this study, prenatal imaging
detected associated renal abnormalities and suggested the
diagnosis of Meckel-Gruber syndrome; fetal MRI docu-
mented with more clarity hepatic biliary dilatation in one of
these fetuses.

Anencephaly is the most severe form of NTDs that refers
to an extensive defect in the craniovertebral bone which
causes the brain to be exposed to amniotic fluid. The
incidence of anencephaly is highest in Egypt among other
countries such as Ireland, Scotland, and New Zealand
[2, 4]. In one of our cases with impacted head in the
maternal pelvis, fetal MRI documented the US diagnosis of
anencephaly that was needed for medico-legal reasons.

Iniencephaly is a rare type of spinal NTD characterized
by a variable deficit of the occipital bones, malformed
cervicothoracic spine, and an upward-turned face with the
mandibular skin directly continuous with that of the chest
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[2]. Although the diagnosis of iniencephaly is easy to make
on ultrasound due to the typical stargazing fetus, the details
of the fetal brain and spinal cord may not be adequately
delineated [31]. There are few reports of MRI diagnosis in
utero of cases with iniencephaly [31, 32]. In these reported
cases, as well as in our case, fetal MR delineated the
intracranial and intraspinal anomalies to a much greater
extent than US did [33, 34].

Although fetal MRI detected new findings unsuspected
at US in 8/19 (42.1%) fetuses, the new findings changed
the prenatal diagnosis in only three (15.8%); the additional
findings detected by MRI in the other five fetuses did not
change the main diagnosis of the anomaly.

The results of fetal MR imaging in this study, whether
verifying absence of abnormality, confirming sonographi-
cally detected abnormalities, or discovering additional
abnormalities that were not apparent by sonography, have
been shown to affect clinical decision-making during
pregnancy, both by physicians and parents. The degree of
confidence required for prenatal diagnosis is clearly higher
in cases where TOP is considered [8].

Fetal MRI ruled out the US diagnosis of a cephalocele
and changed the management decision to continue the
pregnancy. While in two fetuses (cases number 1 and 2),
fetal MRI detected additional findings that worsened the
prognosis and were used to decide to terminate the
pregnancy. The superior resolution provided by MRI
allowed the delineation of hindbrain abnormalities in
association with posterior cephalocele that worsened the
prognosis (case number 1). A fetus with diagnosed
hindbrain malformation (brainstem and/or vermian dys-
plasia) usually has a poor neurodevelopmental outcome
[9, 10]. Fetal MRI identified brain tissue herniation in a
sonographically suspected posterior neck mass in case
number 2 that led to the diagnosis of cephalocele.
Previous studies showed that a fetus with a meningocele
(without brain tissue) may have a normal outcome;
whereas, in cases with brain tissue presents within the
defect, the mortality rate is as high as 71% [2]. However,
decision-making during pregnancy is multifactorial.
Parent’s decision to terminate or continue pregnancy
depends on the GA among other factors [1]. Cases who
continued pregnancy had a higher GA (26.06 weeks
SD 6.1). Other factors that influence decision-making during
pregnancy are the severity and type of the fetal abnormality,
presence of associated syndromes, and social or religious
views [1, 10]. Fetal MRI can provide incremental informa-
tion that may directly affect the mode and location of
delivery of fetuses with NTDs or may help supplement or
confirm indeterminate or equivocal US findings [9, 10, 26].
In our study, fetal MRI directed the mode and location of
delivery to cesarean section at term in a tertiary care hospital
in a fetus with a sonographically occult large exposed neural
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placode herniating in a MMC. In the other examined fetuses,
fetal MRI provided a measure of confidence in their
management decision.

This study has few limitations such as the relatively
small sample size of 19 cases, which reflect the strict
patient selection to only those with US technical difficulties
or questionable US findings. The fact that pathological
verification of MRI diagnosis was not possible in all of the
studied cases is another limitation commonly encountered
in many fetal imaging studies; for religious and emotional
reasons, the parents often refuse autopsy for their
offsprings. This study included an overall evaluation of
the role of fetal MRI in a wide range of cranial and spinal
presentations of NTDs. However, further studies are needed
to evaluate the diagnostic ability and accuracy of in utero
MR imaging of the different presentations of NTDs in
specific.

Conclusion

Fetal MRI findings have important implications for clini-
cians and radiologists who may have difficulty reaching a
diagnosis and critical management decisions in cases with
sonographically suspected NTDs. Fetal MRI can identify
additional findings that are sonographically occult and can
influence management decision of NTD.
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