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Abstract

Objectives: The aim of this study was to determine the contribution of fetal magnetic resonance imaging (MRI) in
evaluating fetuses with a sonographic diagnosis of a central nerve system (CNS) anomaly.

Methods: Fifty-four fetuses with the sonographic diagnosis of a CNS anomaly underwent fetal MRI. A postnatal brain
MRI was performed for 9 infants.

Results: Additional findings were seen with a prenatal MRI in 22 (40%) cases: subependymal nodules (n=2), cortical
tubers (n=2), and 1 case each of partial and total agenesis of corpus callosum, pontocerebellar hypoplasia, hypoplas-
tic brain stem, absence of basal ganglia, dysgenetic cerebellum, hyperintensity in the white matter, polymicrogyria,
periventricular cyst, thyroglossal duct cyst, partial and total absence of interhemispheric fissure, herniation of inferior
cerebellar vermis, arteriovenous fistula, mega cisterna magna, intraventricular hemorrhage, syrinx, and incomplete
bony spur in the spinal canal. In all, 18 pregnancies were terminated based on the findings of the prenatal sonography
and MRI. The diagnosis was unchanged in 7 cases following postnatal MRI. In 2 infants, additional findings (subependy-
mal tuber and mega cisterna magna) were detected.

Conclusion: Although sonography is an accurate diagnostic modality to evaluate fetuses with CNS anomalies, MRI con-
tributes important additional information, especially regarding the cortical, subependymal, and posterior fossa regions.
Keywords: Fetal anomalies, magnetic resonance imaging, ultrasonography

Itrasonography (USG) is a valuable imaging technique

in fetal examination ™. The majority of the anomalies
detected in the fetus are central nervous system (CNS)
anomalies 2, Multiple gestational anomalies are present in
many cases. Therefore, when an anomaly is detected, other
possible anomalies should be investigated 5. However, the
detailed description of the anomalies and the detection of
concomitant occult anomalies are not always possible due
to limitations of USG . Fetal magnetic resonance imaging

(MRI) has been shown to contribute to these conditions ©.
The aim of this study was to evaluate the contribution of
MRI in patients with CNS anomaly detected by USG.

Methods

Fetal MRI was performed in 56 fetuses (24-36 gestational
weeks (mean 30 week) who were diagnosed CNS anomalies
with USG during pregnancy between January 2009 and De-
cember 2009. The study was approved by the ethics commit-
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Table 1. Sonographic and magnetic resonance imaging findings of fetuses

Fetuses T USG Findings MRI Findings MRI Additional Findings
1 SPA (+) Q]

2 VM, CCA (+), (+) Q]

3 + VM, CCA, SPA (+), (+), (+) )

4 + interheminspheric cyst, CCA (+), (+) )

5 VM, CCA (+), (+) )

6 + VM, CCA, SPA ), (), () )

7 VM, CCA, SPA (+), (+), (+) )

8 SPA (+) )

9 + CCA (+) pontocerebellar hypoplasia
10 VM, SPA +), (+) ()

1M + VM, CCA, SPA (+), (+), (+) )

12 VM, CCA (+), (+) )

13 + VM, delayed sulcation, ventricule wall echogenicity (+), (), () ()

14 VM, ventricule wall echogenicity, calcification (+), (), () polymicrogyria

15 + holoprosencephaly, cleft palate, arinia (+), (), ) thyroglossal duct cyst
16 holoprosencephaly (+) abscence of anterior interhemipheric fissure
17 holoprosencephaly, talamic fusion, microcephaly (+), (+), ) abscence of total interheminspheric fissure
18 Vermis anomaly, delayed sulcation, microcephaly (+), (), ) )

19 vermis anomaly, VM ), (), () MCM

20 + DWM, SPA (+), (+) )

21 inferior vermis hypoplasia (+) periventricular cyst
22 inferior vermis hypoplasia (+) )

23 inferior vermis hypoplasia (+) ()

24 VM, inferior vermis hypoplasia (+), () Q]

25 inferior vermis hypoplasia (+) )

26 inferior vermis hypoplasia (+) )

27 MSM +) )

28 vermis hypoplasia +) )

29 MSM (+) Q]

30 MSM, gastroschisis (), (+) ()

31 VM, supratentorial arachnoid cyst (+), () CCA

32 + VM, MSM (+), (+), (+) dysgenetic cerebellum
33 CCA, SPA, ventriculer synechiae (4), (+), (+) absence of basal ganglia
34 VM, dismorphic cerebellum, SPA (+), (), () CCA

35 + SPA, cerebellar hypoplasia (+), (+) )

36 cardiac rhabdomyoma cortical tuber

37 cardiac rhabdomyoma ¢

38 cardiac rhabdomyoma, tuber (+) subependymal nodules
39 + cardiac rhabdomyoma cortical tuber

40 VM, intraventricular hemorrhage ), +) ()

41 inferior vermis hypoplasia, intraventricular hemorrhage (+), () )

42 + VM, intraventricular hemorrhage (+), (+) ()

43 + VM, intraventricular hemorrhage (+), (+) subependymal nodule
44 + VM, ventricule wall echogenicity, intraventricular hemorrhage  (+), (-), (+) hypoplastic brainstem
45 + VM, parenchymal brain injury, porensefalik kistler (+), (+), (+) intraventricular hemorrhage
46 VM, thinning in cerebral parenchyma (+), (+) arteriovenous fistula
47 VM, intraventricular hemorrhage (+), () )

48 diastometamyelia (+) syrinx

49 + spina bifida, obliterated cisterna magna (+), (+) incomplete bony spur
50 VM, ventricule wall echogenicity, interheminspheric cyst (+), (), () ()
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51 VM, choroid plexus cyst

52 VM

53 VM, interheminspheric cyst

54 IUGR

55 + choroid plexus cyst, polymicrogyria

56 +

VM, ventricule wall echogenicity, delayed sulcation

(+), () inferior vermis herniation
(+) white matter hyperintensity
(+), () Q]
(+) Q]
(+), (+) ()
(+), (), (+) )

T-termination of pregnancy, USG-ultrasonosgraphy, MRI-magnetic resonace imaging, SPA-septum pellicidum agenesis, VM-ventriculomegaly, CCA-corpus
callozum agenesis, MCM-Mega cisterna magna, DWM-Dandy Walker malformation, IUGR-intrauterin growth restriction.

tee of our hospital. Prenatal USG examination was performed
by three obstetricians (HIK, AY, RH). Fetal MRI examination
was performed by three radiologists (EY, BB, SS). MRI evalu-
ation was performed with the knowledge of CNS anomalies.

MRI examination was performed successfully in all pa-
tients. MRl examination was performed with 1.5 Tesla MR
(Symphony Maestro; Siemens MEdical Systems, Erlangen,
Germany) within a week after USG examination. Flexible
body coil was used in the examination. MRl examination
was performed in the lateral decubitis position in the pa-
tients who could not tolerate the supine position. MRI was
performed while patients’head was outside of the MRI tube
in expectaiton of claustrophobia. No contrast material was
given to the patients due to possible teratogenic effects.

Axial, sagittal and coronal T2-weighted HASTE sequences
(TE: 91msec, TR: 1200msec, 192x256 matrix, slice tihckness:
3mm, FOV: 207x100 cm, and refocusing flip angle:150),
and axial T1 FLASH sequence (TE: 4msec, TR: 199msec,
slice thickness: 4mm, FOV: 300x75cm, matrix: 134x256, and
flip angle: 70) were performed. T1 FLASH sequences were
added to the brain in sagittal and coronal planes in patients
with suspected parenchymal and ventricular hemorrhage
and in cases with a possible parenchymal lesion. In both
sequences, the examination was conducted by holding
breath and a sequence lasted 20-25 seconds. The total ex-
amination time lasted in 20-30 minutes. Categorical data
were expressed with frequency and percentage using SPSS
16.0 for Windows program.

Results

The most common finding was ventriculomegaly (VM)
(n=26) in USG. Other common findings were septum pel-
lisidum agenesis (n=10), corpus callosum agenesis (CCA)
(n=9), vermis anomaly (n=10), intraventricular hemorrhage
(n=6), mega cisterna magna (n=4), and suspicion of cere-
bral tuber and subependimal nodiile in rhabdomyoma pa-
tients (n=4) (Table 1).

In our study, 22 (40%) of 54 patients had additional findings
with MRI. Additional findings were subependymal nodules
(n=2), cortical tubers (n=2), and one case each of partial

and total agenesis of corpus callosum, pontocerebellar
hypoplasia, hypoplastic brain stem, absence of basal gan-
glia, disgenetic cerebellum, hyperintensity in white matter,
polimicrogyria, periventricular cyst, thyroglossal duct cyst,
partial and total absence of interheminspheric fissure, her-
niation of cerebella inferior vermis, arteriovenous fistula,
mega cisterna magna, intraventircular hemorrhage, syrinx,
and incomplete bony spur in the spinal canal.

Ventriculomegaly was also seen in MRI in all fetuses with
VM (n=26) (Fig. 1). Fetuses with CCA (n=9) were also seen
in MRI. Additional findings of pontocerebellar hypoplasia
in a patient with CCA were seen in MRI (Fig. 2). All fetuses
with septum pellisidum agenesis (n=10) were also seen in
MRI (Fig. 3).

In the cases of holoprosencephaly (n=3), subgroups were
identified in MRI. Semilobar holoprosencephaly (n=1) was
demonstrated by showing the absence of anterior inter-
heminsferic fissure, and the diagnosis of alobar holopros-
encephaly (n=1) was made by showing the absence of to-
tal interheminsferic fissure. In 1 of the cases with semilobar
holoprosencephaly, thyroglossal duct cyst was shown as
additional finding (Fig. 4). Subependymal nodule (n=2),
and cortical tubers (n=2) were shown as additional findings
in MRl in fetuses that have cardiac rhabdomyoma (Fig. 5).

Intraventricular hemorrhage was detected in 6 cases in
USG. However, intraventricular hemorrhage was not ob-

Figure 1 (a, b). Axial (a) and coronal (b) T2-weighted MRI show sig-
nificant dilataiton of the lateral ventricles.
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Figure 2 (a-c). Axial (a), coronal (b), and sagittal (c) T2-weighted MRI show total corpus callosum agenesis (circle). In addition, cerebellar tissue

is not observed. The brainstem is hypoplasic (thin arrows).

Figure 3 (a, b). Axial (a) and coronal (b) T2-weighted images show
septum pellicidum which separates lateral ventricules is not ob-
served (circle).

served in 2 of these 6 patients in MRI. In a fetus with cere-
bral parenchymal injury, intraventricular hemorrhage was
additional finding (Fig. 6). Mega cisterna magna and vermis
hypoplasia was shown in all cases in MRI (Fig. 7).

Additional MRI findings (n=5, 9%) contributed to patient
management (subependymal nodules (n=2), hypoplastic
brainstem, pontocerebellar hypoplasia, dysgenetic cere-
bellum). In accordance with the findings of USG and MR,
18 pregnancies were terminated at the request of the par-
ents. Additional MRI findings were detected in 6 (33%) of
18 patients. Postnatal 7 MRl examinations were performed.
Additional findings were subependymal nodules (n=1),
and mega cisterna magna (n=1).

Discussion

Prenatal USG is a highly effective examination technique
for the diagnosis of CNS anomalies during the pregnancy
i.6] However, nonspecific appearance of some CNS anom-

Figure 4 (a, b). (a) Posterior interheminspheric fissure (thin arrows)
is seen in T2-weighted axial view, but anterior interheminspheric
fissure is not observed (circle) in a fetus with semilobar holoprosen-
cephaly. (b) There is a thyroglossal duct cyst at the posterior of the
tongue (thick arrows) in T2-weighted sagittal view.

alies, inability to see the brain parenchyma near the USG
probe, the lack of clear visualisation of some parenchymal
anomalies and posterior fossa structures in late gestation
weeks in USG limits the examination ¥, Owing to the ossi-
fiation of skull in the 3rd trimester, it is difficult to visualize
brain parenchyma with USG as a result of poor penetration
of sound waves ", Oligohydramnios and inappropriate fe-
tal head position are limiting factors for USG examination
157, These problems are eliminated by MRI examination .,
Fetal MRI has been shown to provide changes in diagnosis,
patient counseling and management in cases where USG
examination is insufficient *>7 9, In addition, MRI exami-
nation has a higher contrast and spatial resolution, making
it possible to evaluate the pathologies in detail. Fetal MRI
plays an effective role in decisions such as the necessity of
intervention, fetal surgery, and postnatal early surgical in-
tervention P,

In fetal MRI examination, it is possible to view the anatom-
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Figure 5 (a-c). (a) Hyperechogenic cardiac rhabdomyomas (thick arrows) are observed in USG examination. (b, ¢) T1 hyperintense and T2
hypointense subependimal nodule is observed in the lateral border of the right lateral ventricle.

Figure 6 (a, b). Intraventricular hemorrhage (arrows) is seen hy-
pointense in T2-weighted image (a), and hyperintense in T1-weight-
ed image (b) in the left lateral ventricule.

ical structures and possible anomalies of the CNS more
clearly with T2-weighted images. T1-weighted studies have
been reported to be appropriate in patients with suspected
bleeding .. In some cases, such as tuberous sclerosis, small

subependimal nodules or cortical tubers which may not be
detected in T2 sequences, may be detected in prenatal and
postnatal periods using T1 weighted examination "% In our
study, axial, sagittal and coronal planes of T2 and axial T1-
weighted studies were routinely performed. In cases such
as possible bleeding, parenchymal damage and tuberous
sclerosis, coronal and sagittal T1 weighted images were
added to the routine examination.

The frequency of additional findings after USG is variable in
publications and this rate varies between 7-51% """\, In our
study, this rate is 40% which is consistent with literature.

In our study, VM was shown in 26 cases (46%) and is the
most common anomaly in accordance with the literature *
812 The causes of VM are diverse and include developmen-
tal, destructive and obstructive processes. Hydrocephalus
is the endpoint of many pathological processes such as
cerebral dysgenesis, cerebral atrophy and encephalomala-
cia M, In patients with VM, additional CNS anomalies were

Figure 7 (a-c). Axial (a), coronal (b), and sagittal (c) T2-weighted MRI show parsiel vermis hypoplasia (arrow).
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found to be 40-50% with fetal MRI 3. Neural tube defects,
CCA, Dandy-Walker complex, lysencephaly, periventricular
nodular heterotopia, polymicrogyria, porencephaly, intra-
ventricular and subependimal hemorrhage, and non-CNS
chromosomal anomalies may be accompanied VM &2, |n
our study, additional findings were shown by MRl in 11 of
26 (42%) patients with VM.

Corpus callosum is one of the 3 major commissors that
form the largest connection between the cerebral hemin-
spheres. From the 20th gestational week, the genu of the
corpus callosum should be seen ® %131 Factors such as
the inability to show the midline and the movement of
the fetus during the scan may make it difficult to evaluate
the corpus callosum in sagittal planes. However, axial and
coronal planes are valuable in the evaluation of corpus cal-
losum. Neurodevelopmental disorder incidence increases
in the presence of gestational anomalies associated with
CCA. Itis very important to detect these anomalies because
they worsens prognosis >4, In our study, CCA were shown
by USG and MRl in 10 fetuses. In one case, MRI examination
showed additional finding of pontocerebellar hypoplasia.

Holoprosencephaly is a malformation spectrum of prosen-
cephalon characterized by a defect in the midline separation
of the brain and defect in facial development ', Fetal MRl is
useful in differentiating holoprosencephaly cases from CCA
and midline cysts and clefts "7, In our study, subgroups of
holoprosencephaly were identified by MRI in 2 fetuses.

Tuberous sclerosis (TS) is the most common detected neu-
rocutaneous disease in fetuses. Cardiac rhabdomyoma is
the most important clue in the diagnosis of TS. However,
half of the fetuses with TS have cardiac rhabdomyoma &,
Cortical tubers are more common than cardiac rhabdomy-
omas. Cardiac rhabdomyomas are not commonly seen be-
fore the 3™ trimester. For these reasons, performing both
USG and MRI may increase prenatal diagnosis of TS ¢,

Intracranial hemorrhage may ocur in fetuses with vascular
malformation, coagulopathy, trauma or hypoxic-ischemic
event ", There may be intracranial haemorrhages detected
in USG but not seen in MRI. There are also cases where the
opposite is reported 222, In our study, intraventricular
hemorrhage was detected in 6 cases in USG examination.
However, intraventricular hemorrhage was not observed in
2 of these 6 fetuses.

Due to the small size, there are difficulties in the diagnosis
of posterior fossa anomalies. Furthermore, the pathological
development processes of the cerebellar-vermian and ad-
jacent structures have not been clearly shown. The Dandy
Walker variant used in the past is not used by many authors
today 2>, However, partial vermis agenesis and inferior
vermis hypoplasia are used interchangeably by many au-
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thors 2326271 Discrimination of Blake pouch cyst and arach-
noid cyst cannot be made clearly. Postnatal examinations
of patients diagnosed with vermis hypoplasia revealed
high false positive results. These findings are important
examples of the difficulty in diagnosis of anomalies in this
region 1. More accurate results can be reached by the help
of studies on the pathological development of the poste-
rior fossa and advances in MRI technique in the future.

In our study, additional findings in 5 fetuses (9%) in MRI ex-
amination contributed to patient counseling (subependymal
nodule (n=2), DWM, pontocerebellar hypoplasia, infratento-
rial arachnoid cyst). Parents were informed about prognosis.

In accordance with USG and MRI findings, termination fo
pregnancy was performed in 18 cases at the request of the
parents. Additional MRI findings were found in 6 (33%) of 18
cases. These additional findings include delayed sulcation
(n=2), thinning of the serebral parenchyma (n=2), absence
of anterior interheminsferic fissure, thyroglossal duct cyst,
polymicrogria, pontocerebellar hypoplasia, subependymal
nodule and cortical tuber, cortical dysplasia, and intraven-
tricular hemorrhage.

The main limitation of our study is the lack of pathologi-
cal diagnosis with autopsy, especially in our country and
also all over the world. The reasons for this problem are not
having enough pathologist trained in this subject in our
country and autopsy is not prefered by parents. In prenatal
examination, obstetrics, genetics, child and developmen-
tal neurology, radiology, pediatric surgery and pathology
should continue to work together. Obstetrics, child-de-
velopment neurology and radiology team performed our
study. The small size of the examined structures and the
distance of the examined area to the coils are limitations of
the fetal MRI examination. Another limitation of our study
is the knowledge of USG findings when MRI scan was per-
formed. To be aware of USG findings provides performing
appropriate MRl sequences. Another limitation of our study
is only a few postnatal MRl were performed.

In conclusion, the primary examination method for prena-
talimaging is USG. Fetal MRl examination is not a substitute
for USG examination in anomaly screening. However, MRl is
an assistive imaging modality for USG because of the fact
that brain structures can be seen more clearly regardless of
localization in fetal CNS anomalies by MRI. Considering the
findings of our study, we think that fetal MRI will be used
more frequently in prenatal diagnosis.
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