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Abstract

Background: This study is aimed to compare the accuracy of prenatal standard brain ultrasound ., .. sndence to Mohammad
(US), neurosonography (NSG), and magnetic resonance imaging (MRI) for diagnosing central = Hossein Golezar, Student

nervous system (CNS) anomalies. Research Committee, Faculty of
Medicine, Shahed University,

Methods: In this prospective study pregnant women were consecutively recruited in their second =~ Tehran.Iran
or third trimester of pregnancy, who either had a positive history of fetal brain anomalies in
previous pregnancies or were pregnant with fetuses suspected to have brain abnormalities on
ultrasound exam. Based on standard US, NSG, and MRI findings concordancy fetuses were
subdivided into four groups: the MRI/NSG findings confirmed, supplemented, contradicted, or = published online 30 January
ruled out the initial US diagnosis. NSG/MRI discordancy was also reported separately. Live births 2024

were followed for 18 months to assess the course of postnatal neurodevelopment.

4 check for
Results: Generally, 49.3% of fetuses showed concordancy between US and NSG/MRI; among @ updates
remaining cases, NSG/MRI showed additional findings to US, changes US diagnosis, and ’

demonstrated a normal brain in 73.2%, 23.9%, and 2.8% of cases, respectively. MRI found
additional features to NSG in 22.9% of fetuses, most of whom were diagnosed with intracranial
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hemorrhage or cortical malformation unseen on NSG or showed a more extensive cortical
malformation in MRI. Twenty fetuses underwent postnatal brain MRI and all confirmed prenatal
MRI findings with 100% concordancy. Cases with postnatal normal neurodevelopment were
more likely to show concordancy between US, NSG, and MRL

Conclusions: Prenatal MRI is the most accurate imaging modality for detecting CNS anomalies
antenatal and might supplement the US/NSG findings, and sometimes contradicts or excludes the
initial US diagnosis.
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Figure 1. An 18 weeks fetus with mild ventriculomegaly and suspected corpus callosum abnormality was referred for fetal MRI. A, B, C)
T2-weighted MRI images showed complete agenesis of corpus callosum and unilateral abnormal sulcation(arrow) in occipital horn. D, E)

Transvaginal neurosonography found similar findings.

Background

Brain malformations are among the most common fetal
malformations (1) and are among the main causes of
pregnancy termination (2). Based on the population studied
the prevalence of brain anomalies varies from 1.07% in Japan
to0 4.3% in Taiwan (3), with global prevalence roughly reaching
1 per 100 pregnancies (4). Brain anomalies are classified into
two main groups acquired and developmental brain
anomalies, each with its causes (5, 6). Developmental
anomalies occur on a genetic deficit background and thus
heralds an increased risk of re-occurrence
pregnancies. Given that fetal brain malformations have a wide
range of negative consequences for parents, including but not
limited to their financial status, quality of life, and, most
importantly, psychological well-being, timely and accurate
diagnosis appears critical both for planning next steps in the
affected pregnancy and counseling future pregnancies (7, 8).

The well-timed and accurate diagnosis of fetal abnormalities
can immensely improve the care given to the parents and help
to save a considerable budget for governments around the
world (9). For decades, prenatal US has been continually
considered the preferred method of assessing fetal brain
morphology, as it offers a real-time examination, is non-
invasive and easy to operate, is reproducible, inexpensive, and
provides a high diagnostic yield at an appropriate precision
(10). Despite all of the mentioned advantages, ultrasound
imaging is operator dependent and of limited value in
maternal obesity, adverse fetal position, and multiple
pregnancies, and also generates images with relatively low
contrast resolution of soft tissues (11). Additionally, acoustic
shadows from the fetal calvarium (especially in later
pregnancies) confer imaging artifacts that suppress the quality
of images, sometimes to such an extent that even gross
anatomic features cannot be visualized (12). Lately, prenatal
NSG has been widely implemented for diagnosing brain
abnormalities during pregnancy (13). In most studies, MRI
and NSG have been reported to be equally effective and
superior to the US exam for diagnosing fetal brain anomalies
(14). In a recent study conducted by the ENSO group, among

in future

fetuses diagnosed with isolated corpus callosum anomaly in
antenatal NSG, MRI could identify additional anomalies in
11.2%, which were mainly abnormalities of the cortex
development (15). Moreover, in another study, the ENSO
Working Group found that in fetuses with isolated mild to
moderate ventriculomegaly in multiplanar NSG, fetal MRI
detects associated CNS anomalies in 5.4% of cases (16).
Contradictory findings in the literature may be due to factors
such as small sample sizes in relevant studies or different fetal
ages at the time of the NSG exam (17). To overcome
ultrasound limitations, some previous studies have proposed
MRI as a valuable complementary modality of fetal brain
evaluation in conjunction with US and NSG imaging for
prenatal brain assessment (4, 5). In a recent meta-analysis,
standard US was concluded to be an adequate screening tool
in antenatal assessments, although MRI was recommended for
those with abnormal brains on US as it may add diagnostic
information in nearly 22.2% of cases (18). MRI depicts
morphological features of the developing fetal brain in detail
and at great spatial and contrast resolution, visualizing early
and subtle structural deficits with acceptable accuracy (11, 19).
Besides, MRI delineates the cerebral and cerebellar cortex and
achieves a satisfactory visualization of subarachnoid space as
MR images are not disturbed by the calvarium (20).
Continuous advancements in the imaging unit hardware and
image processing software industries necessitate a continuous
increase in the knowledge and level of experience of
sonographers and radiologists to use this equipment optimally
and to the best of their abilities, even though familiarity with
US, NSG, and MRI for evaluating fetal brain is increasing
incrementally (21). This study aims to compare the utility of
MRI, US, and NSG for diagnosing fetal brain anomalies.

Methods

Design and setting

This prospective, observational, single-center study was
conducted on pregnant women who were referred to our
tertiary referral university hospital between 2017 and 2021.
This study was approved by the institutional ethics committee
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Figure 2. A 34 weeks fetus with megacisternamagna was referred for fetal MRI. A, B) T2-weighted MRI showed megacisternamagna and
unilateral periventricular heterotopia (arrow). C) Neurosonography at the same day of MRI found similar periventricular heterotopia

(arrows).

and was conducted adhering to the Declaration of Helsinki.
Informed written consent was obtained from all patients.
Patients and data acquisition

Participating women had a history of previous pregnancies
with CNS anomalies or were pregnant with fetuses suspected
of having brain abnormalities on a recent screening
ultrasound exam. Investigated fetuses underwent karyotyping
and were tested for TORCH infections. All study subjects
underwent MRI one to two weeks after the ultrasound exam,
and transvaginal NSG was undertaken within one week after
MRI for all of the investigated fetuses. Based on the US-MRI
concordancy, subjects were divided into four subgroups: (a)
the MRI/NSG findings confirmed the US findings; (b) the
MRI/NSG findings supplemented the US findings (Figure 1);
(c) the MRI/NSG findings contradicted the initial US
impression; and (d) the MRI/NSG findings ruled out the initial
US diagnosis (false positive US).

In subgroup a, US, NSG, and MRI findings were concordant;
however, in subgroups b-d, MRI/NSG findings were
discordant with US findings. Cases of MRI-NSG discordance
were also outlined in the same manner and were subdivided
into two groups: (1) concordance between NSG and MRI; (2)
and NSG-MRI discordance (Figure 2).

transducer (via transvaginal probing), or convex 3-5 MHz
transducer (transabdominal approach) when the fetus
position was suboptimal for the transvaginal exam, using an
affinity 70 G ultrasound machine (Philips, Amsterdam,
Netherlands). A perinatologist skilled at fetal NSG, with more
than 10 years of experience, performed and interpreted NSG
exams.

Prenatal brain MRI

MR images were taken at 1.5T (GE Healthcare, discovery 750
GEM), including the TIW, T2W, and DWI sequences over
nearly 30 minutes for each case. Following MRI sequences
were included at a slice thickness of 4 mm: (a) steady-state T1-
weighted imaging in the axial plan; (b) single-shot fast spin-
echo T2-weighted imaging in three orthogonal plans; (c) fast
multiplane sequences spoiled gradient-recalled acquisition in
the axial plane; and (d) diffusion-weighted imaging (DWT)
using echo planar imaging (EPI) in the axial plane without
breath holding and at b-values of 0 and 800 s/mm?2. For SSFSE
images, MR parameters were set at TR/TE: 6000/70 ms, a field
of view: 320400 mm, matrix: 128*128, slice thickness/spacing:
4.00/1.00 mm, bandwidth: 250 kHz, with an acquisition time
of 20 s for each case. Two radiologists with 8 and 24 years of
experience in obstetric ultrasonography performed and

Neurosonography (NSG) interpreted the encoded MR images and resolved
All of the investigated fetuses underwent an NSG exam. NSG  discrepancies by consensus.
exams were performed by a 7 to 10 MHz multifrequency
Table 1. Demographic and clinical characteristics of subjects.
Variant
Maternal Age’ 30.88 + 5.61
Fetal age (week) " 28.09 +4.95
Male 86 (63.7)
Fetus gender™ Female 54 (36.3)
Karyotype™? Normal 36 (25.4)
o in Drevi . Yes 7(43)
CNS anomalies in previous pregnancies No 133 (95.7)
Ventriculomegaly 3 (42.8)
Microcephaly 2(28.6)
NTD, Chiari2 1(14.3)
Hydrocephaly 1(14.3)
. - Yes 40 (29.6)
Consanguineous marriage No 95 (70.4)
"Mean * SD
"N (%)
20f 36 fetuses who were karyotyped, all returned normal results.
Neurology Letters | www.neurologyletters.com 3
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Table 2. Case-based brain US, NSG and MRI concordance.

Imaging findings concordancy N (%)
US versus NSG/MRI Concordant  Discordant 71 (50.7)
MRI/NSG adding data to US datato US 52 (73.2)
US diagnosis changed 17 (23.9)
false positive US 2(2.8)
Concordant 69 (49.3)
NSG versus MRI Discordant 32(22.9)
MRI adding data to NSG 32(22.9)
Concordant 108 (77.1)

US; standard ultrasound imaging; NSG, neurosonography.

Perinatal/Postnatal follow-up

Live births were followed for 18 months to assess the course of
postnatal neurodevelopment, although some of the fetuses
(especially those who did not show concordancy between any
of the imaging modalities) did not comply with the follow-up
schedule and were followed for 2-17 months postnatally.
Follow-up appointments were set at 1-month intervals. In
follow-up assessments, infants went through a comprehensive
neurological examination by an
pediatrician. Some of the fetuses also underwent postnatal
MRIL

Statistical analysis

Raw data was fed into SPSS v. 22.0 (IBM Inc., Chicago, IIL,
USA). Qualitative variables were reported as frequency and
percentage, and quantitative variables were represented by

experienced neuro

their mean and standard deviation. A chi-square test was
employed to evaluate the association between perinatal and
postnatal outcomes and the concordancy between findings
from various imaging modalities. The statistical significance
level was set at p <0.05.

Results
140 pregnant women with a mean maternal age of 30.88+5.61
years were enrolled. Nearly one-third (29.6%) of mothers were

engaged in consanguineous marriages, and 4.3% reported a
previous pregnancy history of fetal CNS anomalies. Fetuses
were studied at a mean gestational age of 28.09+4.95 weeks. Of
all the fetuses investigated, 36.3% were female, 25.4% had been
karyotyped (all returned normal results), and 2.8% had normal
brain MRI (Table 1).

Brain US, NSG, and MRI findings showed a significantly high
level of concordance. Most common CNS pathologies found
in all imaging modalities concordantly were ventriculomegaly
(48.6%), intracranial hemorrhages (12.9%), corpus callosum
anomalies (11.4%), and cortical malformation (13.5%). As
Table 2 shows, among cases whose brain US was discordant
with NSG/MRI, 73.2% had additional findings in NSG/MRI
(Figure 1), 23.9% were diagnosed with other brain anomalies,
and 2.8% showed a normal brain in NSG/MRI (false positive
US). The US exams performed after the 20th week of
pregnancy showed a significantly higher concordancy with
NSG/MRI, and diagnosed brain abnormalities with a higher
accuracy (Figure 3).

Generally, 54.9% of cases whose brain US was discordant with
NSG/MRI showed similar findings in NSG and MRI (Table 2).
Among all enrolled cases, NSG-MRI discordance was found in
22.9% (32) of fetuses, all showing additional findings in MRI,
while none showed additional or contradicting findings on
NSG (Figure 2). Table 3 describes the NSG findings in each of

Figure 3. A 30 weeks fetus with severe ventriculomegaly and IVH was referred for fetal MRI. A, B, C) T2-weighted, T1-weighted and DWI
images (respectively) showed unilateral severe ventriculomegaly y, periventricular edema and acute IVH. In fig A, focal extension of
hemorrhage to adjacent parenchyma (arrow) is evident (IVH grade 4). But this parenchymal extension was not detected by
neurosongraphy. D, E) Another 23 weeks fetus with recent radiofrequency ablation of co-twin showed germinal matrix hemorrhage
(arrow) and whole brain infarct in DWTI (E) with normal neurosonography.

Neurology Letters | www.neurologyletters.com
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these 32 cases and shows any additional MRI features that
were not visible on NSG. Interestingly, 4 fetuses had normal
brains in NSG exams but were diagnosed with IVH/GMH in
MRI. MRI was superior to NSG to detect intracranial
hemorrhage and cortical malformations and offered a more
accurate estimation of the extension of cortical malformation.
Table 3 also outlines the final delivery outcome and duration
of follow-up for each of these cases.

In Table 4, perinatal and postnatal outcomes are presented. In
2 cases, who were suspected to have craniosynostosis, black
pouch cyst, and vermin hypoplasia in the US, MRI/NSG ruled
out the initial US diagnosis.

In Table 5, perinatal and postnatal outcomes are stratified
based on the concordance of the findings shown in different
imaging modalities. As demonstrated in Table 5, live births
with successful postnatal normal neurodevelopment were
more likely to show concordancy between US, NSG, and MRIL.
Live births with abnormal postnatal neurodevelopment and

fetuses who were demised before delivery more frequently
showed discordancy between various imaging modalities,
while the difference remained non-significant in either
subgroup (p = 0.08).

From another perspective, normal brain imaging was reported
with higher repeatability in various imaging modalities and
could predict normal postnatal
neurodevelopment (P value 0.0001).

Among 140 pregnancies, 6 resulted in intrauterine fetal
demise, and 17 pregnancies were terminated. Of 117 live
births, 11 died after birth, 10 showed abnormal
neurodevelopment, and 96 showed normal
neurodevelopment postnatally.

significantly

Discussion
One of the most challenging yet prevalent fetal conditions that
obstetricians and parents might face during pregnancy and

Table 3. Describe MRI and NS findings with additional findings on MRI.

Patient NSG findings Additional findingin MRI ~ Time of F/U Time of F/U
MRI (month)
(week)
1 Severe VM, PMG Brain atrophy, 35 Live birth with 5
periventricular heterotopia abnormal evolution
2 Normal Mild unilateral IVH 22 Live birth with normal 10
evolution
3 Microcephaly brain atrophy, mild Extensive perisylvian PMG 30 Live birth with 4
perisylvian PMG abnormal evolution
4 Moderate VM IVH 24 Termination -
5 moderate VM, Unilateral IVH 17 Termination -
Chiari2, Myelomeningocele
6 Hemivertebrae IVH 22 Live birth with normal 2
evolution
7 Chiari-2 malformation Sacral myelocele, tethered 19 Termination -
cord
8 Mild VM Bilateral GMH 31 Live birth with normal 3
evolution
9 Apert syndrome, mild VM Acrocephaly, temporal 20 Termination -
PMG
10 Normal Unilateral GMH 25 Live birth with normal 5
evolution
11 Normal Unilateral IVH 25 Termination -
12 Mild VM IVH 36 Termination -
13 Unilateral mild VM Unilateral GMH 22 Live birth with normal 4
evolution
14 Microcephaly, Perisylvian PMG, Periventricular cyst 32 Intrauterine death -
cerebellum dysplasia
15 Normal Unilateral mild IVH 23 Termination -
16 Normal Bilateral GMH 23 Live birth with normal 9
evolution
17 Mild unilateral IVH Bilateral IVH 23 Live birth with normal 2
evolution
18 Moderate unilateral VM, mega cisterna Periventricular heterotopia 35 Live birth with normal 4
magna, CC dysgenesis evolution
19 Severe bilateral VM, periventricular IVH and IPH (grade4), 34 Live birth with normal 3
heterotopia porencephalic cyst evolution
20 Cerebellum hypoplasia, VM, vein of Brain edema 35 Death after birth -

Galen aneurysm, cerebellar AVM

Neurology Letters | www.neurologyletters.com
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21 Mild unilateral VM Periventricular heterotopia 32 Live birth with normal 8
evolution
22 Mild unilateral VM, Mega cisterna Bilateral IVH 33 Death after birth -
magna, cerebellum hypoplasia
23 Severe bilateral VM, PMG 37 Live birth with normal 17
CC dysgenesis, (HIE) evolution
24 Mild microcephaly, cerebellum Periventricular heterotopia 22 Termination -
hypoplasia, CC dysgenesis
25  Interhemispheric cyst CC dysgenesis 33 Live birth with normal 7
evolution
26 Mild unilateral VM, PMG Periventricular heterotopia 21 Termination -
27 Normal Bilateral IVH, brain infarct 23 Intrauterine death -
28 Moderate VM, PMG, cephalocele, Periventricular heterotopia 25 Intrauterine death -

abnormal cerebellar vermis, Wallenberg

Syndrome
29 Mild VM, IVH Brain infarct 21 Termination
30 Normal Mild unilateral IVH 20 Live birth with normal 14
evolution
31 Normal Unilateral GMH 22 Live birth with normal 2
evolution
32 Hemivertebrae, tethered cord, Syrinx 28 Live birth with normal [
diastematomyelia, closed spina bifida evolution

AVM, arteriovenous malformation; CC, corpus callosum; DWI, diffusion weighted imaging; GMH, germinal matrix hemorrhage; F/U, follow-
up; IPH, intraparenchymal hemorrhage; IVH, intraventricular hemorrhage; NSG, neurosonography; PMG, polymicrogyria; VM,

ventriculomegaly.

post-delivery is CNS anomalies (22). It is critical to detect
these anomalies antenatally to advise parents on whether they
can afford the resources required to raise and support their
children (23). US exam is a non-invasive, non-radiating, and
effective modality of diagnosis capable of detecting CNS
anomalies to an acceptable level. Nevertheless, the nonspecific
appearance of some CNS anomalies in the US, operator
dependency, and some technical factors may limit its utility in
some cases and necessitate further imaging assessment (17).
Fetal MRI as a complementary imaging tool would assist in
diagnosis to a great extent when brain US results are equivocal
or need confirmation, especially in suspected cases of delicate
morphological abnormalities (24) While not being very
operator-dependent, performing MRI is safe in pregnancy and
requires minimal technical effort while providing images with
high contrast and spatial resolution.

The present study found that US is concordant with NSG and
MRI in 49.3% of cases, and in the remaining 50.7%, fetal MRI
provides additional findings in approximately 73.2% of
antenatal US, which may sometimes change the diagnosis or
even reveal a false positive diagnosis by US. This finding is in
keeping with the results of an investigation conducted by
Levine et al, who reported that nearly 40% of fetuses

demonstrate MRI findings that change the US diagnosis and
suggest other CNS anomalies (25). Sonigo et al. studied
approximately 400 fetuses with brain abnormalities and
concluded that MRI could be used as a complementary
method of fetal brain imaging alongside the US to achieve a
higher diagnostic yield and come up with a more accurate
diagnosis early enough to prepare the parents and care system
for optimal pregnancy and postnatal care (26). Van Der
Knoop et al. concluded that multiplanar NSG detects
periventricular echogenicity changes, IVH, and/or changes in
basal ganglia or thalami with a higher sensitivity compared to
the standard axial ultrasound planes (27).

According to our findings, in 22.9% of study subjects, MRI
unraveled additional findings, which were not seen on NSG.
These results are in keeping with the results of a study by the
ENSO Working Group, which compared the detection rate of
CNS anomalies in NSG and MRI, and reported that MRI
detects additional intracranial hemorrhage, polymicrogyria,
and lissencephaly in 26.7%, 20%, and 13.3% of cases (16).
Likewise, in our study, the majority of CNS anomalies that
were found in MRI and missed in NSG were intracranial
hemorrhage, polymicrogyria, and grey matter heterotopia.
They also reported that MRI detects additional corpus

Table 4. The patients’ follow up results.

Variant Concordant* Discordant* P

Live Birth  Live birth with normal evolution 60(62.5) 36(37.5) 0.014
Live birth with abnormal evolution 3(30) 7(70)  0.046
Termination 3(17.6) 14(82.4) 0.008

Death Death after Birth 3(27.3) 8(72.7)  0.132
Intrauterine death 0(0) 6(100) -

Neurology Letters | www.neurologyletters.com
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callosum anomalies (agenesis or dysgenesis) than NSG in only
3.3%-6.7% of cases, which is by our study that reported no case
of corpus callosum anomalies additionally found in MRI.
However, Van Der Knoop et al. did not confirm the added
diagnostic value of MRI when performed after NSG (27).
Additionally, Malinger et al. found that dedicated NSG is
equally accurate to MRI for diagnosing fetal brain anomalies.
In their study, MRI confirmed the NSG diagnosis for the
majority of the cases; however, in some cases MRI-NSG
discordancy was noted, either of them supplementing the
other modality or suggesting a different diagnosis (14).

As per our result, findings from US, NSG, and MRI were
concordant in nearly half of the cases, and in the majority of
cases with discordant imaging findings, MRI added to the
diagnostic yield. Malinger et al. (14), however, found that
different imaging modalities are not significantly concordant.
Numerous factors may lead to these controversial results,
including imaging protocol and interpretation guidelines that
might explain systematic errors, the expertise of the staff
involved with taking and interpreting images that might
explain individual errors, and the gestational age at which
imaging is done. A previous study found that performing US
after the 20th week of gestation enhances its diagnostic
accuracy for detecting CNS anomalies (28). Our results
demonstrated that the discrepancy between the findings from
different imaging methods would be lower after the 20th week
of pregnancy, and standard fetal US performed after 20 weeks
of gestation diagnose brain abnormalities with a higher
sensitivity and accuracy. However, the ENSO Working Group
concluded that performing fetal brain imaging after 24 weeks
of gestation remarkably enhances the detection rate for CNS
anomalies (16). Moreover, Malinger et al. reported that
performing US before the 25th week of pregnancy can lead to
an incorrect diagnosis. Given the wide range of reported
optimal gestational age for performing fetal imaging, to obtain
the most detailed images from CNS and achieve the most
accurate diagnosis further large-scale studies are needed to
reach a reasonable and valid consensus.

Our study is subjected to some limitations. First and foremost,
the limited number of enrolled cases will cause sampling bias,
and further populous investigations are needed for more
confident results. Second, genetic tests were not performed for
the majority of study subjects, and some known predisposing
genetic factors might have remained undetected. Although
genetic assessments, such as microarray or whole genome
analyses, are not daily routine practices and might not be
available in some centers, testing the concordancy of different
imaging modalities for detecting CNS anomalies in particular
genetic diseases would be of clinical advantage. Relatively
short-term postnatal follow-up may not be able to outline an
accurate assessment of neuro-developmental that continues to
early childhood. Longer-term studies may mark out some of
the cases initially ~ showing
neurodevelopment but experience delayed or disturbed
development afterward. Finally, some of the fetuses with mild
CNS abnormalities (e.g., mild ventriculomegaly) or those who

which are normal

were asymptomatic postnatally did not undergo postnatal MR
and some others did not comply with pre-scheduled follow-up
appointments.

Conclusions

Fetal MRI and prenatal NSG are more accurate for diagnosing
CNS anomalies than routine prenatal US assessments.
Prenatal MRI is the most accurate imaging modality of
assessment for detecting CNS anomalies antenatally, and
might supplement the US/NSG findings, and sometimes
contradicts or excludes the initial US diagnosis. In fetuses with
CNS anomalies in NSG, MRI might add clinically relevant
information in almost 23% of the cases. The diagnostic yield
of prenatal MRI might be even higher if the pregnancy
outcome is dismal, although in our study the difference was
not significant and this needs to be further investigated by
larger-scale studies.
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