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Abstract

Background: Magnetic resonance imaging (MRI) is gradually becoming more common for thorough visualization of the fetus than
ultrasound (US), especially for neurological anomalies, which are the most common indications for fetal MRI and are a matter of
concern for both families and society.
Objectives: We investigated fetal MRIs carried out in our center for frequency of central nervous system anomalies. This is the first
such report in southern Iran.
Materials and Methods: One hundred and seven (107) pregnant women with suspicious fetal anomalies in prenatal ultrasound en-
tered a cross-sectional retrospective study from 2011 to 2013. A 1.5 T Siemens Avanto scanner was employed for sequences, including
T2 HASTE and Trufisp images in axial, coronal, and sagittal planes to mother’s body, T2 HASTE and Trufisp relative to the specific fetal
body part being evaluated, and T1 flash images in at least one plane based on clinical indication. We investigated any abnormality
in the central nervous system and performed descriptive analysis to achieve index of frequency.
Results: Mean gestational age± standard deviation (SD) for fetuses was 25.54± 5.22 weeks, and mean maternal age± SD was 28.38
± 5.80 years Eighty out of 107 (74.7%) patients who were referred with initial impression of borderline ventriculomegaly. A total of 18
out of 107 (16.82%) patients were found to have fetuses with CNS anomalies and the remainder were neurologically normal. Detected
anomalies were as follow: 3 (16.6%) fetuses each had the Dandy-Walker variant and Arnold-Chiari II (with myelomeningocele). Com-
plete agenesis of corpus callosum, partial agenesis of corpus callosum, and aqueductal stenosis were each seen in 2 (11.1%) fetuses.
Arnold-Chiari II without myelomeningocele, anterior spina bifida associated with neurenteric cyst, arachnoid cyst, lissencephaly,
and isolated enlarged cisterna magna each presented in one (5.5%) fetus. One fetus had concomitant schizencephaly and complete
agenesis of the corpus callosum.
Conclusions: MRI is superior to ultrasound and physical exam of live births in detection of CNS anomalies. In this investigation
within a single referral center in southern Iran, anomalies included Dandy-Walker variant and Arnold-Chiari II as the most common
findings. Other findings with lower incidence were complete and partial agenesis of corpus callosum, aqueductal stenosis, anterior
spina bifida, schizencephaly, arachnoid cyst, lissencephaly, and isolated enlarged cisterna magna.
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1. Background

Though not the most common type of congenital
anomaly, central nervous system (CNS) anomalies repre-
sent a major social and economic issue and can signifi-
cantly impact the life quality of the affected individual and
family. As CNS anomalies are usually compatible with life,
prolonged hospitalization, higher health care costs, and
uncertain future life quality are a significant burden to
families and society, particularly in developing countries,
where higher incidence of congenital anomalies is also en-
countered (1, 2).

Variable incidence rates have been reported for con-
genital CNS anomalies in studies from different parts of

the world (3, 4). This variability has been attributed to eth-
nic variability and environmental factors. In Iran, sporadic
reports of type and prevalence of congenital anomalies
have been published. These studies have been performed
on either live births (5-7) or using ultrasound (US) (8, 9).
Magnetic resonance imaging (MRI) has not been used to
our knowledge. The anomalies detected using MRI appear
to represent a different spectrum. This variability is caused
both by the difference in gestational age at time of surveil-
lance, with nonviable fetuses dropping out in later live
birth studies, and by the selective nature of MRI as a refer-
ral and problem-solving tool. Also, the anomalies reported
in second trimester ultrasound are expected to differ from
those found by MRI based on the different referral process
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for MRI.
Utilization of MRI as a problem-solving tool in prena-

tal diagnosis is rapidly expanding, both quantitatively in
number of indications and qualitatively with the advent
of cheaper, more rapid conventional MR images and new
techniques. MRI is frequently used to investigate under-
lying etiologies of CNS anomalies that are not as readily
detected by US. MRI provides good depictions of cortical
malformations, anomalies of the corpus callosum, poste-
rior fossa, and spinal column abnormalities. It can also
confirm the presence of ventriculomegaly or additional as-
sociated abnormalities not detected by US. Through accu-
rate identification of the fetal disorder, prenatal MRI can
play a role in determination of pregnancy prognosis and
in management (10). Because MRI is primarily used dur-
ing the second and third trimesters and then only as a
problem-solving tool, the spectrum of anomalies detected
using MRI is not similar to those detected using either ul-
trasound or detected postnatally in live births.

2. Objectives

We present the spectrum of fetal CNS anomalies in
found in the specific population referred for MRI in south-
ern Iran.

3. Materials and Methods

From September 2011 to December 2013, pregnant
women with suspected fetal anomalies diagnosed via pre-
natal ultrasound who were referred to Faghihi MRI center
in Shiraz for fetal MRI were included in the research, which
was designed as a cross-sectional retrospective study. MRI
was performed on mothers within one to two weeks of
referral. Those with fetal images showing other organ
anomalies were excluded if no CNS anomaly was detected
by MRI. A 1.5 T Siemens Avanto scanner with a 4-channel
body coil was used for all MRIs. In fetal gestation age (GA)
of ≥ 20 weeks, mothers were examined in the right tilt po-
sition. Sequences including T2 HASTE and Trufisp images
were obtained with 6-mm-thick slices in axial, coronal, and
sagittal planes to the mother’s body. T2 HASTE and Trufisp
were done relative to the specific fetal body part being eval-
uated using images with a slice thickness of 4 mm. T1 flash
images were used in at least one plane based on clinical in-
dication. A single radiologist, an assistant professor of ra-
diology especially interested in fetal imaging, investigated
the existing images for possible abnormality in the central
nervous system.

All patients attended follow-up appointments with
their physicians except those with diagnosis of Dandy-
Walker variant, arachnoid cyst, and isolated cisterna

magna; we thus confirmed the accuracy of our reports
based on final clinical diagnosis. After delivery, MRI was
also used to confirm the diagnosis when requested by the
neonatologists.

The data were collected and descriptive analysis was
done using SPSS version 6 (SPSS, Chicago, IL) to achieve in-
dex of frequency. Quantitative values are represented as
mean ± standard deviation (SD).

4. Results

During the study period, 107 pregnant females under-
went MRI. Mean gestational age ± SD for fetuses was 25.54
± 5.22 weeks, and mean maternal age ± SD was 28.38 ± 5
years.

Most of patients (80 out of 107; 74.7%) were referred
with initial impression of borderline ventriculomegaly de-
tected via US. A total of 18 patients out of 107 (16.82%) were
found to have fetal CNS anomalies; others were neurologi-
cally normal. Detected anomalies were as follow: 3 fetuses
(16.6%) each had Dandy-Walker variant and Arnold-Chiari
II. Two fetuses (11.1%) were diagnosed with complete agen-
esis of corpus callosum, two with partial agenesis of cor-
pus callosum, and two with aqueductal stenosis. Arach-
noid cyst, lissencephaly, anterior spina bifida, and iso-
lated enlarged cisterna magna presented in one fetus each
(5.5%). One fetus was diagnosed with concomitant schizen-
cephaly and complete agenesis of the corpus callosum. De-
tected anomalies are listed in Table 1.

5. Discussion

Fetal well-being is a matter of concern for both physi-
cians and mothers. Ultrasonography has long been used
as the first mode of fetal examination in clinical practice.
It is widely available and gives the benefit of evaluating fe-
tal and placental blood flow as well as offering reliable in-
formation about fetal development. However, in cases of
oligohydramnios, maternal obesity, ossified skull, acous-
tic shadow in late pregnancy, and inconclusive results, US
warrants a complementary examination to collect further
information (10-21).

Magnetic resonance imaging emerged as a modality
of fetal assessment in 1983. Its inherent advantages, in-
cluding superior soft tissue contrast resolution, large field
of view, lack of ionizing radiation, multiplanar imaging,
and lack of dependency upon the operator, have encour-
aged the use of MRI as a problem-solving tool in detecting
fetal anomalies revealed by US, particularly anomalies re-
lated to the central nervous system. MRI is also used to
identify possible anomalies in conditions where the US re-
sults appear quite normal. These include complications
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Table 1. Prevalence of Fetal Central Nervous System Anomalies Detected by MRI During a Two-Year Surveillance Period in a Referral Center in Southern Iran

Disease No. (%)

Dandy-Walker variant 3/18 (16.6)

Arnold-Chiari II with myelomeningocele 3/18 (16.6)

Partial agenesis of corpus callosum 2/18 (11.1)

Aqueductal stenosis 2/18 (11.1)

Complete agenesis of corpus callosum 2/18 (11.1)

Complete agenesis of corpus callosum + schizencephaly 1/18 (5.5)

Arnold-Chiari II without myelomeningocele 1/18 (5.5)

Anterior spina bifida+ neurenteric cyst 1/18 (5.5)

Arachnoid cyst 1/18 (5.5)

Lissencephaly 1/18 (5.5)

Isolated enlarged cisterna magna 1/18 (5.5)

of monochorionic twin pregnancies and history of central
nervous system anomaly in a previous child of the same
parents. Recent advances in in-utero fetal surgery and
medical treatment have also contributed to the increasing
use of MRI to gain additional information before surgical
planning (22-28).

The guidelines set forward by the American college of
radiology for MR imaging practices in 2013 sanctions per-
formance of fetal MRI at any trimester if the benefits out-
weigh the probable risks for the mother and the fetus (9).
This is based on the fact that to date no known harmful ef-
fects have been reported on fetuses undergoing MRI (10,
11, 18, 24, 27, 29). However, as small fetal size and exces-
sive motion in the first trimester present limitations to
performing the study, MRI is usually postponed until 20
weeks of gestation. Heat and acoustic hazards have also
been proposed as possible disadvantages of MRI in the first
trimester, but these have not been proven clinically impor-
tant (18, 24). Contrast agents are considered group C dur-
ing pregnancy and therefore should be avoided. The preg-
nant women should sign a written informed consent be-
fore the procedure (10, 11, 27, 29).

Different fast MRI sequences have been used to over-
come fetal movement and reduce motion artifacts. The
most popular fast T2-weighted sequences, which we fol-
lowed as well, are half-Fourier acquired single-shot turbo
spin-echo (HASTE) or single-shot fast spin-echo (SSFSE) se-
quences. Fast T1-weighted images such as the fast multi-
planar gradient-recalled echo technique, which is not rou-
tinely used in our center, are less informative than T2-
weighted images; however, they can be useful in detect-
ing hemorrhage, fat, or calcification (10, 28, 29). Gradient-
echo echo-planar T2-weighted images can also be utilized

for better detection of intracranial hemorrhage (10, 28).
Diffusion-weighted imaging and MR spectroscopy are ad-
vanced techniques that may help to better distinguish de-
velopmental or destructive pathologies (10, 27-29).

Among the reasons to refer patients for fetal MRI,
central nervous system (CNS) abnormalities ranked first
(16.82%) in this study, as previously mentioned. This is ob-
viously higher than the percentages reported in Rafsanjan
(3.35%) and in Ahvaz (11.7%) (6, 7). This can be attributed
to different sources of reports, prenatally with MRI versus
clinical exam after birth. Here we are also able to report dif-
ferent CNS malformations separately, which can influence
the management of the fetus; this is not achievable with
postnatal exam as performed in those studies.

Ventriculomegaly is the leading suspected CNS prob-
lem prompting physicians to perform MRI (18, 27, 30-33).
Consistent with other studies, about 74.7% of our patients
were primarily diagnosed with ventriculomegaly via US. It
is diagnosed when the atria of the lateral ventricle mea-
sures more than 10 mm. Disagreements may arise between
different observers regarding the measured size of ventri-
cles; MRI has a problem-solving role in this regard, partic-
ularly when three-dimensional (3D) volumetric methods
are employed (23, 29). Many cases of ventriculomegaly re-
ferred to us were mild cases. Our results are concordant
with the literature; isolated mild ventriculomegaly (10 -
12 mm) usually, though not invariably, results in normal
pregnancy outcome and is sometimes considered a nor-
mal variant (30). Also, because this is a new modality and
there are limitations in patient acceptance, many ultra-
sonographers will not even refer the mother if they can
find a gross anomaly and give the mother a final conclu-
sion. Most will only refer the patient if they detect the find-
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ing only as an isolated finding. There is thus an inherent
selection bias in the MRI population.

Along with confirming the diagnosis, it is important
to investigate the patient with MRI to seek concomitant
findings that may influence fetal outcome (17, 18, 30, 31).
In fact, ventriculomegaly can be an associated finding in
a variety of CNS anomalies that are not amenable to ul-
trasonographic detection, such as cortical malformations,
heterotopias, schizencephaly, posterior fossa abnormali-
ties, agenesis of corpus callosum, neural tube defects, and
intraventricular hemorrhage (29). In this study, 2 out of 18
patients (11.1%) were found to have aqueductal stenosis as
the cause of non-communicating hydrocephalus (Figure
1). Aqueductal stenosis was significantly more prevalent in
north-west Iran (23%) in a study based on US (9).

The corpus callosum (CC) can be better delineated by
MRI than by US. Agenesis of the corpus callosum is esti-
mated to occur in approximately 0.2% - 0.7% of the general
population. Isolated callosal anomalies are detected most
directly in the sagittal and coronal MRI planes. Associated
anomalies are also more easily detected via MRI as com-
pared to US (10, 22, 34). Along with direct non-visualization
of the CC, there are indirect signs that indicate possible
callosal agenesis and prompt further evaluation of the fe-
tal brain. Absent cavum septum pellucidum (28, 35, 36),
straight and parallel lateral ventricles, dilated occipital
horn of lateral ventricles (colpocephaly) and high-riding
third ventricle (17, 27) are indirect signs that are mostly re-
ported and more easily demonstrated in US examination.
Complete agenesis of CC was one of the common MRI find-
ings in this study (11.1%) (Figures 2 and 3); in addition, the
corpus callosum did not develop completely in its sple-
nium segment (partial agenesis) in 11.1% of our patients, in
whom we did not witness indirect signs. Complete agene-
sis was much less common (2%) in Ghavami et al.’s investi-
gation (9).

Early in pregnancy, cerebral parenchyma exhibits a
smooth surface and ventricles are relatively large. When
the fetus matures, the sulci appear (27). Precise timing
of each sulcus is available on atlases, which are used for
proper interpretation of fetal brain development (12, 27,
37). An abnormal sulcation pattern may be recognized as
numerous sulci that are not expected for a less mature fe-
tus (polymicrogyria) or extremely few sulci (lissencephaly)
and cleavage in gray matter extending from the ventricu-
lar margin to the brain surface (schizencephaly) in a more
mature fetus. In this study, two fetuses had abnormal sul-
cation. One (5.5%) of them was found to have schizen-
cephaly along with complete agenesis of the CC (Figure
3). Schizencephaly is similarly uncommon (1%) in north-
west Iran (9). Lissencephaly was also confirmed by MRI
in the fetus of one of the patients who had a positive his-

tory of lissencephaly in her previous gestation, which in
that case led to the infant’s death soon after delivery. Other
parenchymal abnormalities such as heterotopias, hemor-
rhage, gliosis, and white matter edema, although not re-
ported here, can be clearly depicted owing to the high con-
trast resolution of MRI (11, 15, 20, 27, 28).

Assessment of posterior fossa is difficult by US and it
becomes even more challenging when the skull begins to
ossify. MRI plays an important role in this regard. Prenatal
MRI can evaluate posterior fossa abnormalities quite well,
including Dandy-Walker syndrome, Dandy-Walker variant,
mega cisterna magna, arachnoid cyst, and Chiari malfor-
mation type II (17, 22, 23, 28). We did not see Dandy-
Walker syndrome, but isolated mega cisterna magna and
quadrigeminal arachnoid cyst were each seen in one case
(5.5%). Ghavami et al. reported a rate of 2% for arach-
noid cysts in their US-based study (9). However, Dandy-
Walker variant (Figure 4) and Chiari malformation type II
were the two most common neurological findings in this
study (each occurring in 16.6% of cases). Ghavami et al.
also noted Chiari malformation as the most common (37%)
anomaly in their report, while Dandy-Walker was found
to have a low (4%) rate of presentation (9). Interestingly,
one of the fetuses with Chiari malformation type II (Figure
5) underwent intrauterine fetal surgery for accompany-
ing lumbar myelomeningocele. Although there was agree-
ment between US and MRI on the presence of a neural tube
defect, MRI had a remarkable role in this regard based on
its precise description of the defect and related findings be-
fore operation.

Normal measurements of cerebellum, vermis, and cis-
terna magna are now available for interpretation and dif-
ferentiation of disease entities. When cisterna magna, a
key structure in prenatal US examination, is larger than 10
mm, mega cisterna magna is established. This may be an
isolated finding; however, US may not detect vermian hy-
poplasia and may misinterpret it as isolated mega cisterna
magna (22). Small posterior fossa, on the other hand, may
lead to crowding and herniation of its components, giv-
ing rise to Chiari symptoms (16). MRI is needed to evalu-
ate the presence and configuration of cerebellar and mid-
brain structures in detail to confirm specific syndromes
and their associated findings (25), as it gave us complete as-
surance about one case of isolated mega cisterna magna.

Neural tube defects are adequately diagnosed by US.
MRI has a complementary role in the detection of con-
comitant posterior fossa abnormalities (Chiari type II) and
the extent and contents of the herniated sac or malforma-
tions hidden in US such as diastematomyelia (10, 11, 27).
Myelomeningocele was demonstrated in three (16.6%) of
our patients, accompanying Chiari II malformation in all
of them (Figure 5B). Lower incidence of myelomeningocele
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Figure 1. Aqueductal stenosis in a fetus with 28 weeks gestational age (wks GA). Axial(A), coronal(B) and sagittal(C) T2 HASTE image of fetal brain showing significant dilatation
of lateral ventricle(arrow) and third ventricle(arrow head). Normal diameter of fourth ventricle (curved arrow) is the clue to diagnosis of aqueductal stenosis.

Figure 2. Complete agenesis of corpus callosum in a fetus with 35 wks GA. Coronal T2 HASTE image shows no fusion between two cerebral hemispheres and absence of corpus
callosum(straight arrow) as direct signs and parallel alignment of lateral ventricles resembling “Tear Drop” (curved arrows)as an indirect sign of complete agenesis of corpus
callosum.
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Figure 3. A and B, Schizencephaly in a fetus with 34wks GA. Coronal T2 HASTE images show Cleavage in gray matter extending from ventricular margin to brain surface in two
different sections (arrows). Both side of cleavage are covered by hypo-intense thin cortex. Abnormal fusion of midline structures and complete agenesis of corpus callosum
is also present.

Figure 4. Dandy-Walker variant in a fetus with 27wks GA. Axial(A and B) and sagittal(C and D) T2 HASTE images show hypoplastic lower vermis (arrows) and enlarged cisterna
magna (curved arrows) and otherwise normal brain parenchyma.

was reported by Kazmi et al. (12.5%) in a study in north-
ern Iran using ultrasound (8).Tethered cord could be eas-
ily noticed in all the fetuses who had some degree of neu-
ral tube defect in the spine. We also detected one case of
neurenteric cyst and associated anterior spina bifida with-
out any other detectable anomaly.

Anencephaly (16%) and encephalocele (8%), which were
reported by Ghavami et al. (9), were not detected in this
study because their study was based on ultrasound in the
first trimester, while MRI is performed in the second and
third trimester when fetuses with these major anomalies
have already been aborted.

Magnetic resonance imaging has also been used to
evaluate morbidities associated with impaired brain per-

fusion in the case of shared placenta in monochorionic
twins (10, 27). Insults endangering the surviving twin af-
ter the demise of the co-twin and serious complications of
twin-twin transfusion syndrome are not easily detectable
via US (10, 11). Diffusion-weighted MRI has also improved
diagnosis of ischemic events (11). We saw two twin preg-
nancies in this study that were referred for suspected non-
neurological findings. Although they both had mono-
chorionic placentation, no sign of brain ischemic events
was established.

5.1. Conclusions

Based on our first two years of experience with fe-
tal MRI in a single referral center in southern Iran, MRI
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Figure 5. Arnold Chiari II in a fetus at 20wks GA; (A) Axial T2 HASTE image of fetal brain shows a “lemon Shape” skull(straight arrow) and dilatation of posterior horns of
lateral ventricles (curved arrow). (B) axial T2 HASTE image of lumbar spine; open neural tube defect with associated myelomeningocele(straight arrow). (C) Sagittal T2 HASTE
image of entire fetal body shows combination of findings; small crowded posterior fossa, herniation of inferior vermis and fourth ventricle(large arrow), dilatation of lateral
ventricles(small arrow) and myelomeningocele in lumosacral spine(curved arrow).

findings for congenital anomalies included the following:
Dandy-Walker variant, Arnold-Chiari II, complete and par-
tial agenesis of the corpus callosum, aqueductal steno-
sis, anterior spina bifida, schizencephaly, arachnoid cyst,
lissencephaly, and isolated enlarged cisterna magna in de-
creasing order. These frequencies are different in compar-
ison to studies reporting CNS anomalies using ultrasound
or live births.

A preliminary abstract of this article was presented
orally in the 30th Iranian congress of radiology on May
13th, 2014.
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