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Abstract

Background: Central nervous system (CNS) anomalies are the most commonly diagnosed abnormalities of all fetal
malformations and are usually primarily discovered on routine prenatal ultrasonography (US). Fetal magnetic
resonance imaging (MRI) is a non-invasive technology with high soft tissue contrast that is documented to increase
the diagnostic accuracy for detection of fetal brain anomalies.
The aim of our study is to analyze the value of adding magnetic resonance imaging (MRI) of the fetal brain to
antenatal ultrasound in the diagnosis of fetal central nervous system (CNS) anomalies.

Results: We diagnosed various CNS anomalies including twelve cases with infra- and supra-tentorial arachnoid
cysts, six cases had Dandy-Walker malformation (DWM) and its variants, 1 case with mega cisterna magna, 2 cases
of holoprosencephaly, 1 case of hydranencephaly, 2 cases with supratentorial hydrocephalus, 1 case of
craniopharyngioma, 6 cases with corpus callosum (CC) agenesis, 1 case of extradural hematoma, and 8 cases with
Meckel-Gruber syndrome (MGS). MRI diagnosis confirmed the ultrasound finding, without additional information in
23 cases (57.5%%), added an extra finding in 11 cases (27.5%), differentiated between 2 pathologies in 3 cases
(7.5%), and changed the diagnosis in 3 cases (7.5 %).
The 40 pregnancies resulted in 27 births (67.5%), 2 died directly after birth (5%), 7 terminations (17.5%), and 4
intrauterine fetal deaths (IUFD) (10 %).

Conclusion: Ultrasound is the gold standard imaging modality for anomaly scan in the second and third trimesters;
however, MRI of the fetal brain might be a clinically valuable complement especially when ultrasound examination
is inconclusive due to maternal obesity, severe oligohydramnios, or in complicated cases with unclear diagnosis.
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Background
Central nervous system (CNS) anomalies are the most
commonly diagnosed abnormalities of all fetal malfor-
mations and are usually primarily discovered on routine
prenatal ultrasonography (US). The incidence of CNS
abnormalities is 0.14–0.16% in live births and reaches 3–

6% in stillbirths [1]. They are the most common reason
for pregnancy terminations owing to their poor long-
term outcomes [2].
Prenatal ultrasound is the main stay tool for diagnos-

ing structural abnormalities, with a high diagnostic ac-
curacy for brain abnormalities [3].
Fetal magnetic resonance imaging (MRI) is a non-

invasive technology with high soft tissue contrast that is
documented to increase the diagnostic accuracy for de-
tection of fetal brain anomalies by about 16% when com-
pared to ultrasound [4] and helps in refining prognostic
information for 20% of already diagnosed cases [5].
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Fetal MR imaging is useful when imaging by ultrasound
is challenging as in cases of severe oligohydramnios, ma-
ternal morbid obesity, difficult fetal head position, and ad-
vanced gestational age where shadowing from fetal
calvarium interferes with ultrasound images [6].
The aim of our study is to analyze the value of adding

magnetic resonance imaging (MRI) of the fetal brain to
antenatal ultrasound in the diagnosis of fetal central ner-
vous system (CNS) anomalies.

Methods
Patients
A prospective study was done between November 2019
and November 2020 on 40 fetuses who were sonographi-
cally suspected or diagnosed to have CNS anomalies.
Maternal age ranged from 19 to 35 years and gestational
age was between 18 and 36 weeks. Patients were re-
cruited during their routine antenatal care referred from
Obstetrics and Gynecology department, at our institute
after performing their routine anomaly scan by US. MRI
was performed during the same week of US examin-
ation. This study was approved by the local Scientific re-
view board Committee. An informed written consent
was obtained from each lady.

Ultrasonography
Ultrasound examination was performed using 2 ma-
chines: Voluson 730 ProV (GE Healthcare, Milwaukee,
WI, USA) and Voluson 730 D 3D-US system (kretztech-
nik AG, Zipf, Austria). Ultrasound was made by two
well-experienced sonographers in the field of fetal medi-
cine. The following factors were evaluated in every fetus:
assessment of gestational age, fetal number, viability,
position and biophysical profile, and amniotic fluid
index. Detailed anomaly scan included assessment of the
fetal brain. Optimal US criteria for assessment of fetal
brain were proper fetal head and brain position either in
the transverse or sagittal section, low maternal abdom-
inal fat, and average amount of liquor.

MRI
All patients were imaged by a 1.5-T super conducting
magnet (Gyroscan Achieva Philips Medical Systems,
Best, The Netherlands) using the synergy body coil in
supine position. After a scout acquisition, a series of fetal
images in the axial, sagittal, and coronal planes were ob-
tained either with balanced fast field echo (B-FFE) using
repetition time/echo time (TR/TE) of 3.5/1.7, flip angle
(FA) 80°, matrix 256 × 256, field of view (FOV) 300–
400, and thickness/gap of 5/0 mm or single shot fast
spin echo [SSFSE] sequence with TR/TE of 15000/120,
FA 90°, matrix of 169/256, FOV 200–300, and thickness/
gap of 3–4/0–0.5mm. In addition in some cases, T1-
weighted sequence was performed in the axial plane only

(TR/TE 120/4, FA 70°, matrix 166/256, FOV 300, thick-
ness/gap of 5/0.5mm). The total examination time was
between 15 and 25 min.
Images were examined independently by two radiolo-

gists with 10 years’ experience in the fetal MRI field.
The radiologists were not informed about the ultra-

sound findings before the MRI examination. Antenatal
ultrasound and MRI findings were revised as regards the
final diagnosis, which was based on the evaluation of all
available data including post-natal radiological follow-up
and autopsy results.

Fetal outcome
In cases where pregnancy continued, and the fetus sur-
vived, the antenatal diagnosis was confirmed through
post-natal neuroimaging using transcranial ultrasonog-
raphy, CT, or MRI. In cases of termination of pregnancy,
stillbirth, or neonatal death, the final diagnosis of the
CNS anomaly was confirmed, based on autopsy.

Statistical analysis
The clinical data were described in terms of range,
mean, (number of cases), and percentages when appro-
priate. Accuracy was calculated to test validity of MRI
compared to ultrasonography. Agreement between the
two modalities was calculated using Kappa test.

Results
Forty single fetuses who were suspected or diagnosed to
have CNS abnormalities were incorporated in this re-
search. The maternal age ranged between 19 and 35
years with a mean age of 27 years. The gestational age
ranged between 18 and 36weeks (mean age = 27 weeks).
The CNS anomalies diagnosed by MRI included 12 fe-
tuses with infra- and supra-tentorial arachnoid cysts, 6
cases with Dandy-Walker malformation and its variants,
1 case with mega cisterna magna (diagnosed as posterior
fossa arachnoid cyst before MRI), 2 cases of holoprosen-
cephaly, 1 case of hydranencephaly, 2 cases with

Table 1 Number of cases with their final diagnosis

CNS anomaly Number of cases Percentage

Arachnoid cyst 12 30

Dandy-Walker and its variants 6 15

Mega cistern magna 1 2.5

Alobar holoprosencephaly 2 5

Hydranencephaly 1 2.5

Supra-tentorial hydrocephalus 2 5

Craniopharyngioma 1 2.5

CC agenesis 6 15

Extradural hematoma 1 2.5

Meckel-Gruber syndrome 8 20
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supratentorial hydrocephalus, 1 case of craniopharyn-
gioma, 6 cases with corpus callosum agenesis, 1 case of
extra-dural hematoma, and 8 cases with Meckel-Gruber
syndrome (Table 1).
MRI was made during the same week of ultrasound

examination. The performed MRI confirmed the US
finding, without additional information in 23 cases
(57.5%), added an extra finding in 11 cases (27.5%), dif-
ferentiated between 2 pathologies in 3 cases (7.5%), and
changed diagnosis in 3 cases (7.5%) (Table 2).
The overall diagnostic accuracy of US was 98.8% and

of MRI was 99.6%.
In 12 cases with arachnoid cysts, MRI confirmed the

diagnosis and clearly depicted them without adding any
extra information in 9/12 cases; however in the other 3
cases, MRI added extra-findings which were posterior
parietal meningocele in one case (Fig. 1), polymicrogyria
in another case, and partial CC agenesis as well as infer-
ior vermian hypoplasia in the third case.
Concerning the 6 cases of Dandy-Walker malforma-

tion and its variants, MRI gave no additional findings in
4/6 cases; while in 1/6 case with US diagnosis of Blake’s
pouch cyst, MRI showed additional mild ventriculome-
galy and partial corpus callosum agenesis and added the
presence of a small parietal meningocele in one of the
cases of DW malformation. Conversely, MRI refuted the
diagnosis of a posterior fossa arachnoid cyst (based on
ultrasound) and instead a mega cisterna magna was
diagnosed.
In 3 cases of marked cerebral hypoplasia being re-

placed by large CSF area seen by US, MRI differentiated

between alobar holoprosencephaly and hydranencephaly,
through presence or absence of inter-hemispheric
fissure.
In the 2 cases with ultrasound diagnosis of hydroceph-

alus, MRI confirmed the diagnosis and clearly defined
the cause to be aqueductal stenosis.
Regarding the case of suprasellar mass lesion with con-

sequent obstructive hydrocephalus as detected by ultra-
sound, MRI confirmed the diagnosis with better
delineation of its extent; both modalities having sug-
gested craniopharyngioma (Fig. 2) and autopsy con-
firmed the diagnosis.
In addition, MRI also confirmed 3/6 cases diagnosed

as corpus callosum agenesis by second trimester US,
adding no extra findings (Fig. 3). However, in the other
3 cases with CC agenesis (3/6), MRI showed additional
polymicrogyria in one case, inferior vermian hypoplasia
in the second case, and high riding third ventricle com-
municating with widened inter-hemispheric cistern in
the last one.
Extra-dural hematoma was only diagnosed on MRI,

where a definitive diagnosis was not possible by prenatal
ultrasound.
In cases with Meckel-Gruber syndrome (MGS), MRI

added no extra findings in 6/8 diagnosed cases, and only
US visualized polydactyly. Additional findings on MRI in
the remaining 2 cases included an occipital meningocele
in one case (Fig. 4) and a small parietal meningocele in
addition to a case diagnosed with bilateral polycystic kid-
neys; thus, MRI altered the diagnosis from mere renal
disease to Meckel-Gruber syndrome.

Table 2 Impact of MRI on diagnosis

Impact of MRI Number of cases Percentage

Confirmed the diagnosis with no additional findings 23 57.5%

Confirmed the diagnosis and added an extra finding 11 27.5%

Differentiated between 2 pathologies 3 7.5%

Changed or gave new diagnosis 3 7.5%

Fig. 1 Twenty-five-week fetus a US showed infratentorial arachnoid cyst. b, c Axial and sagittal MRI (B-FFE) images confirmed the diagnosis and
added the presence of posterior parietal meningocele (arrow)
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The 40 pregnancies resulted in 27 births (67.5%), 2
died directly after birth (5%), 7 terminations (17.5%),
and 4 intrauterine fetal deaths (IUFD) (10%).
Comparison between the different statistical data be-

tween the US and MRI is shown in Table 3, and agree-
ment between the two modalities is shown in Table 4.

Discussion
Ultrasound is still the first-line modality for fetal scan-
ning being readily available, of low cost, and provides
the advantage of assessing blood flow of the fetus and
providing a dependable data about fetal development.
However, in cases like morbid maternal obesity, oligohy-
dramnios, and ossified skull, in late pregnancy together
with cases showing inconclusive results, US needs an ad-
juvant examination to collect more accurate information
in case of indefinitive diagnosis [7].
Magnetic resonance imaging arised as a tool of fetal

examination since 1983. Its inherent advantages, being

operator independent, having high resolution, superior
soft tissue contrast, wide field of view, multiplanar cap-
ability, as well as lacking ionizing radiation, have encour-
aged its use as a problem-solving tool in diagnosing fetal
anomalies diagnosed by US [7].
The guidelines made by the American College of Radi-

ology for MR practices in 2013 sanctions recommends
doing fetal MRI at any time during gestation if the bene-
fits exceeds the possible risks for the woman and the
fetus [8]. However, up to current moment, there is no
proof that MRI is unsafe for the fetus, yet not enough
studies were made to confirm its safety performance.
Recommendations are to do MRI after 18 weeks of ges-
tation due to unknown biological effects of high mag-
netic fields during organogenesis [9].
Our study is a prospective study dealing with fetal

CNS anomalies diagnosed between 18 and 36 weeks ges-
tation. We compared US and MRI results with fetal post
natal outcome or autopsy of abortus and cases with

Fig. 2 Twenty-eight-week fetus a US axial plane shows right para-midline suprasellar mass lesion with consequent supratentorial hydrocephalus.
b–d MRI (B-FFE) axial, coronal, and sagittal planes confirmed the presence of large supra-sellar mass with better delineation of its extent, mass
effect, and consequent supratentorial hydrocephalus. Autopsy confirmed the diagnosis of craniopharyngioma

Fig. 3 Twenty-seven-week fetus a US showed absent septum pellucidum and colpocephaly. b, c Axial and sagittal MRI (B-FFE) images showed
parallel orientation of the lateral ventricular bodies and confirmed the diagnosis of CC agenesis
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IUFD, where the patients were consented for the
autopsy.
We compared the diagnostic accuracy of prenatal MRI

to that of ultrasound in the diagnosis of CNS anomalies
between 18 and 36 weeks gestation, and this diagnosis
was confirmed by the fetal post natal outcome; postnatal
transcranial US, CT, or MRT and autopsy in cases of
termination or IUFD if the patient consented for
autopsy.
Obtained MRI confirmed US diagnosis, without add-

itional information in 23/40 cases (57.5%), added an
extra finding in 11/40cases (27.5 %), differentiated be-
tween 2 pathologies in 3/40cases (7.5%) and changed
diagnosis in 3/40cases (7.5%).
These results are comparable to the results of

Frates et al. [10], who performed fetal MRI for 28
cases; in which 14 (50%) of 28 cases, the diagnoses
made by US and MR imaging were accurate when
compared with post-natal diagnosis. MRI supplied
more information than did US in 7 of the 14 (25% of
total) fetuses but added no data in 7 others. There

were no fetuses in which US added additional infor-
mation to that provided with MRI when both were
correct. In 7 (25%) of 28 cases, diagnoses with both
US and MRI were incorrect when matched with post-
natal diagnosis.
Amini et al. [11] made a study about fetal CNS abnor-

malities in the second trimester and found that fetal
MRI in second trimester delivered additional diagnostic
data compared to the ultrasound scan in 45% of the
cases, which resulted in a change in the management in
10% of all cases.
In the present study, MRI had a sensitivity of 97.5%

compared to 95% for US; this is in agreement with a
study made by Gonçalves et al. [12] who found that MRI
was more sensitive than 2DUS and 3DUS.
Several studies revealed a higher accuracy of MRI in

comparison to US for the diagnosis of CNS anomalies
[13–16]; this agrees with our study that revealed an
overall accuracy for MRI 99.6%, with PPV=95.4% and
NPV =99.9% compared to 98.8% for US with PPV=
90.5% and NPV=99.9%. However, Malinger et al. [17]

Fig. 4 Twenty-nine-week fetus a US trans-cerebellar plane shows fourth ventricle communicating with enlarged cystic retro-cerebellar space filled
with CSF (arrow). b US of the abdomen shows enlarged echogenic kidneys. c US showing polydactyly (arrows). d MRI (B-FFE) of the abdomen
confirming bilateral polycystic kidneys. e MRI (B-FFE) of the brain confirming Dandy-Walker malformation added the presence of small occipital
meningocele(arrow). Post natal MRI confirmed the diagnosis of Meckel-Gruber syndrome

Table 3 Comparison of the diagnostic performance as well as agreement between MRI and US

Sen Spec PPV NPV Accuracy K SE of K 95% CI for K Strength of agreement

US 95.0% 98.5% 90.5% 99.9% 98.8% 0.939 0.042 0.857–1.000 Very good

MRI 97.5% 99.6% 95.4% 99.9% 99.6% 0.970 0.030 0.912–1.000 Very good

Sen sensitivity, Spec specificity, PPV +VE predictive value, NPV -VE predictive value, K Kappa value, SE standard error, CI confidence interval
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disagrees with these results they revealed a higher accur-
acy for fetal neurosonography in 7/39 (17.9%) cases in
comparison to the accuracy for MRI in 3/39 (7.7%)
cases.
Paladini et al. [18] examined 126 fetuses by 2D-US,

3D-US, and MRI where he concluded that MRI and
ultrasound results were disagreeing in 12.7% (16/126),
with additional diagnostic information provided by MRI
in 7.9% (10/126) of cases.
In our study MRI added an extra-finding in 11/40

cases(27.5%), differentiated between 2 pathologies in 3
/40cases (7.5%), and changed diagnosis in 3 /40cases (7.5
%).

Strengths and limitations of the study
The strengths of this study are (1) the blinded and ran-
domized image revision by experienced examiners, (2)
specific comparison of diagnostic confidence rates be-
tween examiners, and (3) interpretation bias was re-
duced by preventing access to patient history or findings
from prior diagnostic imaging studies.
Limitation of this study was the number of fetuses

studied due to limited awareness of fetal MR imaging, as
well as financial issues.

Conclusion
Ultrasound is the gold standard imaging modality for
anomaly scan in the second trimester; however, MRI of
the fetal brain might be a clinically valuable complement
especially when ultrasound scan is inconclusive due to
maternal obesity, severe oligohydramnios or in compli-
cated cases with unclear diagnosis.
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