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ABSTRACT

Objectives To analyze literature on the additional value
of fetal magnetic resonance imaging (MRI) in assessing
central nervous system (CNS) anomalies suspected by
ultrasound.

Methods A search was performed of PubMed, EMBASE,
Cochrane library and the reference lists of identified
articles. Inclusion criteria were CNS anomalies sus-
pected/diagnosed by ultrasound, MRI performed after
ultrasound, and postmortem examination by autopsy or
postnatal assessment. MOOSE guidelines were followed.
Outcomes assessed were positive/negative agreement
between ultrasound and MRI, additional information
provided by MRI, and discordance between ultrasound
and MRI. Pooled sensitivity and specificity of MRI were
calculated using the DerSimonian—Laird method. Post-
natal/postmortem examinations were used as the reference
standard.

Results We identified thirteen articles which included
710 fetuses undergoing both wultrasound and MRI.
MRI confirmed ultrasound-positive findings in 65.4% of
fetuses and provided additional information in 22.1%.
MRI disclosed CNS anomalies in 18.4% of fetuses.
In 2.0% of cases, ultrasound was more accurate
than MRI. In 30% of fetuses, MRI was so different
from ultrasound that the clinical management changed.
Agreement was observed mainly for ventriculomegaly
(51.3%). Disagreement was noted mainly for midline
anomalies (48.6%). Pooled sensitivity of MRI was 97%
(95% CI, 95-98%) and pooled specificity was 70% (95%
ClL, 58-81%).

Conclusions MRI supplements the information provided
by ultrasound. It should be considered in selected fetuses
with CNS anomalies suspected on ultrasound. Copyright
© 2014 ISUOG. Published by John Wiley ¢& Sons Ltd.

INTRODUCTION

Ultrasound is the primary imaging technique for the
assessment of fetal brain anatomy. The acquisition of
high-resolution images, the real-time imaging and the
relatively low cost are some advantages of ultrasound.
Limitations of neurosonography are largely secondary
to reverberation artifacts of the bony calvarium, beam
attenuation by adipose tissue, oligohydramnios, fetal
engagement in the maternal pelvis and a low sensitivity to
detect malformations of cerebral cortical development.
Because of these disadvantages, some fetuses with
anomalies cannot be evaluated adequately by ultrasound
and require additional information for management and
counseling.

Fetal magnetic resonance imaging (MRI) was first
described in the 1990s, but image degradation by
fetal motion and the relatively long acquisition time
discouraged the use of MRI for the examination of
fetal anatomy'. The use of MRI was successively
re-evaluated with the introduction of ultrafast techniques,
which minimized fetal movement artifacts and improved
visualization of fetal images®. The superiority of MRI over
ultrasound has been questioned, in particular with regard
to the diagnosis of migration disorders, callosal anomalies
and pathologies of the posterior fossa®~3. In a study that
compared MRI and ultrasound, the two modalities were
statistically similar®.

Fetal MRI is generally indicated when fetal ultrasound
is suspicious or the sonographic detection of fetal
malformations requires further assessment. Because fetal
MRI is not performed in cases of negative ultrasound,
studies on fetal MRI are unable to assess true-negative
and false-negative cases, making sensitivity, specificity and
predictive values questionable. Nonetheless, knowledge of
if and how fetal MRI improves the prenatal diagnosis of
cerebral malformations in contemporary practice might
be useful.
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The aim of this review was to evaluate the additional
value of fetal MRI in the detection of central nervous
system (CNS) anomalies suspected by ultrasound.

METHODS

A search was performed in PubMed, EMBASE, Medline

and reference lists to find articles published from January

2000 to December 2012 that compared ultrasound and

MRI for detection of CNS anomalies. The search was

limited to articles published no earlier than 2000 because

improvements in both MRI and fetal neurosonography
techniques have made their diagnostic accuracy higher
than earlier experiences in either field. Keywords were:

CNS anomalies/malformations; prenatal ultrasound; fetal

magnetic resonance (imaging); fetal brain; and prenatal

diagnosis.

Inclusion criteria for study selection were: CNS anoma-
lies suspected or diagnosed by ultrasound; fetal MRI
performed after ultrasound; and postmortem examina-
tion by autopsy or postnatal neurologic assessment by
ultrasound, MRI or clinical examination. Exclusion crite-
ria were: omission of at least one inclusion criterion; data
reported in graphs or as percentages; and/or non-English
language publication. From each article, data abstracted
were: gestational age at time of MRI; type of CNS
anomaly; ultrasound findings; MRI findings; and post-
natal/postmortem findings.

Outcomes of interest were:

e positive agreement between ultrasound and MRI
findings: both methods identify fetal abnormalities;

e negative agreement between ultrasound and MRI find-
ings: both methods do not identify fetal abnormalities;

e information provided by MRI additional to ultrasound
findings: both methods identify fetal abnormalities, but
MRI detects additional anomalies;

e discordance between ultrasound and MRI images:
ultrasound identifies fetal abnormalities that are not
confirmed by MRIL, or ultrasound does not identify
fetal abnormalities that are identified by MRI.

Postnatal/postmortem findings were used as the
reference standard.

Types of CNS anomalies were grouped as follows:
ventriculomegaly; midline anomalies (holoprosencephaly,
cranioschisis, corpus callosum agenesis/lipoma, Chiari
II malformation, Dandy—Walker malformation/variant);
neuronal migration anomalies (lissencephaly, megalen-
cephaly, schizencephaly, arachnoid cyst, glioependy-
mal cyst, choroid plexus cyst), hemorrhage (poren-
cephaly, hydranencephaly); vascular defects (vein of
Galen aneurysm, arteriovenous fistula); and neural
cell proliferation disorders (microcephaly, macrocephaly,
tumors).

Study selection and data extraction were per-
formed independently by the authors according to the
Meta-Analyses Of Observational Studies in Epidemiol-
ogy (MOOSE) guidelines. The two authors independently
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selected articles and abstracted data. Discordance was
resolved with consensus.

The Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) was used to assess the quality of the
studies included in the analysis’. QUADAS-2 is a tool
used to evaluate the risk of bias and applicability of
primary diagnostic accuracy studies. It is composed of four
domains: patient selection; index test; reference standard;
and flow and timing. For each domain, the risk of bias
is assessed as ‘low’, ‘high’ or ‘unclear’. For the first three
domains, the applicability is also assessed®”.

Pooled sensitivity and specificity of fetal MRI
were calculated using the DerSimonian-Laird method.
Receiver—operating characteristics (ROC) curves were
plotted and the area under the curve (AUC) was cal-
culated. Analyses were performed using MetaDisc 1.310,

RESULTS

Steps for study selection are reported in Figure S1 and
characteristics of each study are reported in Table S1.
Of 30 articles selected for detailed evaluation, 17 were
excluded because they did not completely fulfill inclusion
criteria; a list of these articles with reasons for exclusion
is provided in Table S2. Thirteen articles were therefore
included in the analysis, with a total of 710 fetuses
undergoing both ultrasound and MRI>'1 =22,

The QUADAS-2 assessment (Figure 1) demonstrates
that only three of 13 studies had a low risk of
bias regarding patient selection. This is explained by
the fact that many studies did not define criteria for
offering MRI, limited MRI to ‘difficult’ or ‘selected’
cases, were retrospective or did not include consecutive
cases; furthermore, only four studies provided details
on the protocol used for ultrasound examination.
In 10/13 studies the protocol for MRI examination
and its timing in relation to ultrasound were clearly
defined, leading to a low risk of bias in the index
test domain. In most studies (11/13) the reference
standard was fully consistent with the inclusion criteria
for our review (postmortem examination by autopsy
or postnatal neurologic assessment by ultrasound, MRI
or clinical examination). Finally, 10/13 had a low risk
of bias in the flow and timing domain, as they gave
sufficient details on follow up and exclusions. The
applicability was generally satisfactory in the index
test and reference standard domains. As for patient
selection, there was concern regarding applicability in
five of 13 studies, given the aforementioned limitations
in design.

Gestational age at the time of MRI ranged widely, from
16 to 39 weeks??. MRI confirmed ultrasound findings in
464 (65.4%) fetuses and provided additional information
in 157 (22.1%).In 40 (5.6 %) fetuses, ultrasound revealed
CNS anomalies that were not shown by MRI, but the
abnormalities were confirmed at postnatal/postmortem
examination in only nine. The remaining 49 (6.9%)
fetuses underwent MRI in spite of negative brain
ultrasound because of cytomegalovirus (CMV) infection,
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Figure 1 Quality assessment of studies included in this review, using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)
tool. Proportions of studies with low (), high (M) or unclear () risk of bias (a) or concerns regarding applicability (b) are shown.

non-CNS ultrasound anomalies or cotwin anomalies.
MRI confirmed negative findings in 40 (81.6%) of
these fetuses and disclosed CNS anomalies in nine
(18.4%). From three articles, it was specified that in 65
(30.2%) of 215 fetuses, prenatal MRI was so markedly
different from ultrasound that the clinical management of
these pregnancies drastically changed according to MRI
findings.

In 405 (57.0%) fetuses, the type of anomaly was
described. Abnormalities consisted of midline anomalies
(n=137; 33.8%), ventriculomegaly (n=181; 44.7%),
hemorrhage (7=29; 7.2%), neuronal migration disor-
ders (n=23; 5.7%), nerve cell proliferation disorders
(n=12; 3.0%), vascular defects (7= 38; 2.0%) and multi-
ple anomalies (7 =15; 3.7%). The highest rate of agree-
ment (both ultrasound-positive and MRI-positive) was
observed in the detection of ventriculomegaly (51.3%).
In 93 fetuses, ventriculomegaly was isolated according to
ultrasound, but MRI disclosed further anomalies, mainly
hemorrhage (nine cases) and corpus callosum agenesis
(nine cases). Disagreement was noted mainly with regard
to midline anomalies (48.6% for ultrasound-positive and
MRI-negative and 40.5% for ultrasound-negative and
MRI-positive) (Figure 2).

Postnatal/postmortem examination confirmed prenatal
MRI findings in 630 (88.7%) cases and provided addi-
tional information in nine (1.3%). In 18 (2.5%) cases,
postnatal/postmortem examination was negative, in con-
trast to prenatal MRI. This over-diagnosis by MRI con-
sisted of ventriculomegaly in six (33.3%) cases, hemor-
rhage in six (33.3%), midline anomalies in three (16.7%),
neuronal migration anomalies in two (11.1%) and nerve
cell proliferation disorders in one (5.5%). There were
40 (5.6%) cases in which both prenatal MRI and postna-
tal/postmortem examination were negative. In the remain-
ing 13 (1.8%) cases, postnatal examination diagnosed
CNS anomalies that were missed by prenatal MRI. These
included five (38.4%) cases of midline anomalies, four
(30.7%) of ventriculomegaly, three (23.0%) of nerve cell
proliferation disorders and one (7.7%) of vascular defect.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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Figure 2 Rates of agreement and disagreement between prenatal
ultrasound (US) and magnetic resonance imaging (MRI).
Histograms show the contribution (%) of each abnormality type to
the following diagnostic categories: (1, US+/MRI + (positive
agreement between ultrasound and MRI findings; both methods
identify fetal abnormalities); O, US+/MRI- (abnormality seen on
ultrasound, not confirmed by MRI); EH, US—/MRI + (abnormality
not suspected on ultrasound, diagnosed by MRI); and B, additional
information (both ultrasound and MRI identify fetal abnormality,
but MRI detects additional features). > 1, more than one anomaly;
H, hemorrhage; M, midline anomalies; NCPD, neural cell
proliferation disorders; NMA, neuronal migration anomalies; V,
ventriculomegaly; VD, vascular disease.

Pooled sensitivity and specificity are reported in Figure 3.
The AUC was 0.86 (95% CI, 0.77-0.95; Figure 4).

In 14 (2.0%) cases, ultrasound was more accurate
than MRI. In particular, there were nine cases in
which MRI did not detect CNS anomalies (one of
nerve cell proliferation, two of ventriculomegaly, one
of hemorrhage, two of neuronal migration anomalies
and three of midline anomalies), three cases in which
MRI, but not ultrasound, revealed CNS anomalies that
were not detected at birth (two nerve cell proliferation
disorders and one hemorrhage) and two cases with
discordant abnormal diagnosis (one of hemorrhage
by MRI and ventriculomegaly by ultrasound and
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Figure 3 Pooled sensitivity (a) and pooled specificity (b) of fetal magnetic resonance imaging in the diagnosis of central nervous system
anomalies. The size of the data points is proportional to number of fetuses. Only the first author of each study is given.

one of ventriculomegaly by MRI and calcifications
by ultrasound). In all these cases, postnatal findings
confirmed the prenatal ultrasound diagnosis.

DISCUSSION

This review shows that there is approximately 65%
agreement between ultrasound and MRI in detecting
CNS anomalies, and the highest agreement was noted for
ventriculomegaly. MRI provided additional information
in 22% of cases, mainly in those with midline anomalies.
This finding suggests that MRI may be considered when
midline malformations are detected by ultrasound. In
spite of the high agreement with regard to negative
findings at both ultrasound and MRI (82%), it should
be highlighted that in 18% of cases, MRI detected
CNS anomalies that were missed by ultrasound. Another
important finding of our review was that in 30%

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.

of cases, the ultrasound diagnosis was so revised by
MRI that management and parental counseling changed
completely. However, MRI is not error-free. Our review
found that in a minority of cases, postnatal examination
revealed CNS anomalies that were not diagnosed by MRI
(2%) and other cases in which ultrasound was superior
to MRI (2%). In addition, false-positive MRI images
were detected in 2.5% of fetuses. Midline anomalies
represented the highest reason for disagreement. This
could be explained by the fact that midline anomalies
include posterior fossa anomalies and absence of the
corpus callosum, which are better imaged on sagittal
views than on routine axial views on ultrasound. It is
possible that ultrasound scans may not have included a
midline sagittal view, obtained either transabdominally or
transvaginally, owing to an unfavorable fetal position or
insufficient operator training. Only four studies provided
details on the protocol used for ultrasound examinations;
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Figure 4 Summary receiver—operating characteristics curve with
95% Cls. Area under the curve £ SE=0.861 + 0.047; Q* +SE =
0.792 4+ 0.046. The size of the data points is proportional to
number of fetuses.

however, these all included at least direct visualization
of the corpus callosum. It is therefore impossible to
determine to what extent the additional value of MRI,
found in our review for midline anomalies, is intrinsic to
the MRI approach or may be reduced by improvements
in ultrasound techniques.

It may be argued that the high accuracy of MRI depends
on the fact that radiologists are aware of patients’ history
and ultrasound findings, whereas ultrasound is performed
on unselected populations as a screening test. However,
in the present review, almost all fetuses were managed
in tertiary care centers to which they were referred for
suspected CNS anomalies. Therefore, sonographers, as
well as radiologists, were not blind to potential CNS
anomalies.

Prenatal MRI may be particularly useful for anomalies
involving cerebral structures that are not easily identifiable
by ultrasound. This is the case for abnormalities
whose characterization relies on sagittal views, as
discussed before. Similarly, neural cysts are better
defined by MRI with regard to location, origin and
parenchymal compression. Intracranial hemorrhage is
another condition for which MRI is additional to
ultrasound diagnosis because it documents the extent of
the bleeding, involvement of the surrounding tissue and
porencephalic cavities of small size.

Other limitations of our review, mainly resulting from
lack of information in the original literature, must be
pointed out. We could not compare ultrasound and MRI
according to gestational age. Twickler et al. found that
MRI works better than ultrasound at later gestation!”. A
possible explanation could be that fetal motion is reduced
in the third trimester and this reduction allows better MRI
definition. In addition, fetal head engagement, maturation
of the skull bones and reduction of amniotic fluid volume,
which occur in the third trimester, decrease the accuracy

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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of ultrasound. Levine et al. found that third-trimester
fetuses are more likely to have changes in diagnosis,
management and parental counseling, compared with
second-trimester fetuses?>. If MRI is performed a long
time after ultrasound, this could partly account for an
increased detection of abnormalities. Unfortunately, not
all studies reported the ultrasound-to-MRI interval; in
those that did, it was often less than 1-2weeks, an
interval that should not significantly affect diagnostic
accuracy.

We did not stratify severity of ventriculomegaly, or
discriminate between unilateral and bilateral ventricu-
lomegaly, but we observed that MRI was useful for
disclosing additional anomalies. We found that isolated
ventriculomegaly can be associated with sonographically
undetected anomalies in approximately 19% of cases.
This risk is higher than the risk reported by Solomon
etal., who observed that in isolated mild ventricu-
lomegaly there is a 6% risk of associated major anomalies
that are missed by ultrasound!”. Noteworthy, Solomon
et al. analyzed ventriculomegaly in the third trimester
and used an extensive ultrasound protocol, whereas our
review included ventriculomegaly detected by ultrasound
during the second and third trimesters. In addition,
mild ventriculomegaly normalizes in approximately 40 %
of fetuses*.

Because only one study included a control group of
negative ultrasound undergoing MRI, true-/false-negative
cases were not available. Therefore, it was not possible
to calculate the agreement between ultrasound and MRI.
Moreover, it is very unlikely in prenatal care that women
would have MRI in spite of negative ultrasound. Only
Benoist et al. performed MRI, because of CMV infection,
and calculated sensitivity for ultrasound alone (85%),
MRI alone (42%) and for the combination of the two
techniques (89%)!!. The low sensitivity in their group was
explained by the fact that most CMV-related anomalies
manifest as brain calcifications that could be missed
prenatally because of their small size. Although it was not
possible to calculate the agreement between ultrasound
and MRI, we observed that pooled sensitivity of MRI was
very high (97%).

It cannot be emphasized enough that both ultrasound
and MRI are operator-dependent techniques. Know-
ledge of normal and pathological fetal neuroanatomy,
natural history of abnormalities and clinical judgment
are of paramount importance for interpretation of
the diagnostic images. Moreover, ultrasound of the
fetal brain, whether performed transabdominally or
transvaginally, requires appropriate technical skills to
obtain the correct diagnostic images*’. Therefore,
local conditions and expertise in individual centers
may greatly affect the accuracy of these diagnostic
modalities.

In conclusion, MRI is a non-invasive technique that
supplements the information provided by ultrasound
because it allows precise visualization and determination
of the extent and severity of anomalies and of the
presence of associated anomalies in a subgroup of

Ultrasound Obstet Gynecol 2014; 44: 388-393.
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fetuses with sonographically suspected or diagnosed CNS
malformations. Because this additional information may
change radically management of the pregnancy, MRI
should be considered in selected fetuses with CNS
anomalies suspected on ultrasound.
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