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ABSTRACT

Objective: To evaluate the accuracy of prenatal neurosonography in diagnosing underlying
causes of fetal ventriculomegaly, posterior fossa anomalies and microcephaly before 24 weeks’
gestational age (GA) and to study the accuracy of prenatal counseling on postnatal prognosis.
Methods: A retrospective cohort study based on 146 cases of these fetal brain anomalies before
24 weeks’ GA. Counseling on prognosis was compared with postnatal outcome. Data on genetic
testing was analyzed.

Results: Out of 146 cases, 135 (92%) were diagnosed correctly before 24 weeks" GA. Accuracy
was 98% (97/99) in cases with multiple anomalies and 81% (38/47) in cases with an isolated
abnormality. Counseling on prognosis was correct in 143 out of 146 cases (98%). Prenatal gen-
etic diagnostics detected an anomaly in 51/113 (45%) of cases. In 14/62 (23%) cases prenatal kar-
yotyping was normal, but postnatal array-CGH detected a pathogenic anomaly.

Conclusions: Despite the challenges of early gestation, accuracy in diagnosing and counseling
fetal brain anomalies before 24 weeks' GA was high. Prenatal genetic testing is a valuable diag-
nostic tool and should be offered to all women with fetal brain anomalies. Considering the
many different types of anomalies and diverse etiologies, a multidisciplinary approach is essential
for counseling on postnatal outcome.
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Introduction VM can be an indicator of altered cerebrospinal
fluid flow. This may result from obstruction of flow

Since 2007, all pregnant women in the Netherlands .
due to pressure effect of arachnoid cysts or aqueductal

are offered a standardized structural ultrasound scan ] i ]
at 18-22 weeks gestational age (GA) [1]. Over 95% of stenosis, genetic syndromes, developmental disorders
the Dutch population participates in this screening. If ~ (9. arterio-venous malformation; ~ agenesis  of
the 20-week anomaly scan raises suspicion of struc- ~ the corpus callosum), or acquired malformations
tural fetal anomalies, patients are referred to a tertiary ~ (€-g- infection or hemorrhage) [2].

care center for an advanced ultrasound examination, PFA comprise various malformations which are
including detailed neurosonography. A multidisciplin- often associated with genetic abnormalities. Examples

ary team consisting of perinatologists, geneticists,
neonatologists, and pediatric neurologists provides
counseling.

Ventriculomegaly (VM), posterior fossa anomalies
(PFA), and microcephaly (MC) are among the most
common ultrasound findings suggestive of brain
pathology. Along with their underlying causes they
encompass the majority of fetal brain anomalies.

are Dandy-Walker malformation, vermian hypo- or
aplasia, persistent Blake’s pouch, mega cisterna magna,
cerebellar hypoplasia, and acquired disorders such as
cerebellar hemorrhage [3].

MC can be due to many underlying etiologies, rang-
ing from genetic abnormalities (e.g. monogenetic
disorders and microdeletion syndromes) to migrational
disorders as well as metabolic or infectious diseases [4].
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Diagnosing fetal brain anomalies, associated anoma-
lies and genetic causes prior to 24 weeks GA can
be challenging. However, accurate diagnosis of abnor-
malities before this GA is of great importance, since
the legal limit for termination of pregnancy (TOP) in
the Netherlands is at a GA of 24 weeks [5].

The first aim of this study is to evaluate the
diagnostic accuracy of prenatal neurosonography in
diagnosing the underlying causes of fetal VM, PFA and
MC prior to 24 weeks’ GA. The second aim is to study
the accuracy of prenatal counseling for postnatal prog-
nosis, based on prenatal ultrasound examinations.

Materials and methods
Prenatal assessment

A retrospective cohort study was performed based on
data collected on fetal ultrasound scans obtained
between January 2007 and January 2014 in the level
three Fetal Medicine Unit of the Wilhelmina Children’s
Hospital (WKZ), The Netherlands. Patients were included
if the prenatal diagnosis of VM, PFA or MC was made
prior to 24 weeks’ GA and delivery took place in the
WKZ. Cases were excluded if there was no data on post-
natal diagnosis. All the cases received multiple detailed
neurosonography scans prior to 24 weeks’ GA, all
according to the ISUOG fetal brain assessment guide-
lines and viral and genetic testing was offered [6].

Cases of VM, i.e. width of lateral ventricles >10 mm,
were assessed according to established guidelines [7].
Cases of PFA were categorized as a mega cisterna
magna, persistent Blake's pouch, Dandy Walker malfor-
mation, vermian hypo- or aplasia, or cerebellar hypo-
plasia [8]. Acquired disorders due to hemorrhage or
tumor in the posterior fossa were also included [9].
Microcephaly was defined as a head circumference
measurement below the third percentile [10]. Cases in
which a placental cause for intrauterine growth restric-
tion was suspected and cases with spina bifida were
excluded.

Data on maternal and fetal demographics, and
prenatal and postnatal imaging were retrieved from
the electronic patient files. Data on prenatal diagnos-
tics such as fetal MRI, viral and genetic testing
(karyotyping, FISH, QF-PCR, array-CGH or SNP-array
performed on either amniotic fluid or placental villi)
was obtained if present.

Postnatal assessment

Prenatal diagnosis was based on prenatal ultrasound
findings and genetic testing, which was compared to
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the postnatal diagnosis. Postnatal diagnosis was based
on autopsy reports in cases of neonatal death or TOP
and on postnatal MRI or ultrasound, or genetic testing
in cases of survival. If the postnatal diagnosis con-
curred with the prenatal diagnosis, the prenatal diag-
nosis was classified as “correct”, if not it was classified
as “incorrect”. In cases where the postnatal imaging
showed additional anomalies, the case was noted as
having “additional anomalies”. In some cases the
anomalies resolved in utero after 24 weeks’ GA, which
was diagnosed with prenatal ultrasound, these cases
were noted as having “resolved anomalies”.

Data on neurodevelopmental outcome was also
obtained from the pediatric patient files, where the
extent of cognitive and motor impairment was noted in
accordance with the Bayley Scales of Infant and Toddler
Development (third edition, Hartcourt Assessment Inc,
San Antonio, TX) or Griffiths Mental Development
Scales (Revised, Hogrefe Ltd., Oxford, UK).

All cases with multiple anomalies were postnatally
referred to a geneticist.

Parental counseling

The counseling on prognosis prior to 24 weeks' GA
was compared to postnatal outcome. Prenatally all
patients were discussed in a multidisciplinary team
and counseled by a pediatric neurologist. Counseling
was tailored to the specific case. For instance, cases
with mild VM would generally be counseled as having
a relatively favorable prognosis, in contrast with cases
displaying associated anomalies. The prenatal counsel-
ing considerations were retrieved from the maternal
patient file. This information was compared with the
postnatal outcome of the neonate, including examina-
tions by a pediatric neurologist, cranial ultrasound or
MRI. Although the spectrum of prognosis was dis-
cussed with prospective parents, the most likely out-
come was used for statistical comparison, namely
prenatal prediction of prognosis being favorable, poor
or very poor and postnatal outcome being normal
(score of 85-115 on Bayley- or Griffiths Scale), favor-
able (score of 70-85 on Bayley- or Griffiths Scale), poor
(score of 55-70 on Bayley- or Griffiths Scale) or very
poor (score of <55 on Bayley- or Griffiths Scale).

Statistical analysis

Descriptive statistical analysis was performed using
SPSS for Windows (version 21; IBM/SPSS Inc, Chicago,
IL): means and ranges for continuous variables, counts
and percentages for categorical variables. Patient sam-
ples were generally too small to allow for subgroup
analysis.
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Results

A total of 146 fetuses with brain anomalies diagnosed
prior to 24 weeks’ GA were identified during the study
period. VM was diagnosed in 67 cases, PFA in 62 cases,

Table 1. Baseline characteristics.

Characteristics Pregnancies (n = 146)

Maternal age (years); Mean (SD) 31 (5)
Termination of pregnancy; n/total n (%) 69/146 (47%)
Gestational age at delivery® (weeks); Mean (SD) 37.3 (4.6)
Birth weight® (g); Mean (SD) 3100 (790)
Gender (male); n/total n (%) 73/146 (50%)
Overall postpartum death?; n/total n (%) 26/77 (34%)

Of which neonatal death®; n/total n (%) 21/26 (81%)

®Based on 77 cases, as data on pregnancies that were terminated <24
weeks was not included in these characteristics.
®Neonatal death is defined as death within 4 weeks after birth.

Structural
ultrasound

and MC in 17 cases. The baseline characteristics are
presented in Table 1. Figure 1 presents the prenatal
diagnostic process, of which the results will be dis-
cussed in depth below.

Prenatal diagnostic accuracy

Out of 146 cases, 135 (92%) were diagnosed correctly
prior to 24 weeks’ GA. Namely 97 with multiple
anomalies and 38 with isolated anomalies, of which 11
resolved in utero. In 6 cases additional anomalies were
found after 24 weeks' GA and in 5 cases the neuroso-
nography diagnosis was incorrect. All these cases will
be discussed below.

18 - 22 weeks' GA

h 4
Brain
anomaly

18 - 24 weeks' GA

\
Neuro-
sonography

>

62

Total cases
n=146

Multiple
anomalies
n=99

Diagnosis

Diagnosis
incorrect
n=2

correct
n=97

Solitary
anomaly
n=47

Diagnosis
correct
n=27

Diagnosis
incorrect
n=3

Additional
anomalies
n=6

Resolved
anomalies
n=11

Figure 1. Flowchart of prenatal diagnostic process. Presented by whether prenatal diagnosis was either correct (including cases
with resolved anomalies) or incorrect (including cases with additional anomalies). Ventriculomegaly (VM), posterior fossa anomalies
(PFA), microcephaly (MC).



When further assessing the ultrasound diagnoses in
these cases, we note that the majority of cases (n=99,
68%) had multiple anomalies, including both intra-
and extracranial anomalies, of which 97 (98%) were
correctly diagnosed. In the 47 cases where an isolated
abnormality was suspected, 27 (57%) were diagnosed
correctly and 11 (23%) resolved in utero. Therefore,
the diagnostic accuracy in cases with an isolated
abnormality was ~81% (n = 38/47).

First we will discuss the cases that were carried to
term and were thus postnatally assessed with either
ultrasound or MR imaging. In 77 cases (53%) the preg-
nancy was carried to term, of which 39 had multiple
anomalies and 38 solitary findings. Sixty (78%) of the
cases were correctly diagnosed prior to 24 weeks’ GA.
In 11 cases of solitary anomaly, it resolved in utero
after 24 weeks’ GA and had previously been diagnosed
as isolated mild VM (n=6), mild cerebellar hypoplasia
(n=13), persistent Blake’s pouch (n=1), and mild hem-
orrhage in the posterior fossa (n=1). Additional
(extracranial) anomalies were detected after 24 weeks’
GA in 3 cases (4%). In 3 other cases (4%) postnatal
imaging showed other underlying causes than pre-
natally thought. Namely, a prenatal diagnosis of per-
sistent Blake’'s pouch in 2 cases that were diagnosed
postnatally with an isolated vermian aplasia and a ret-
rocerebellar cyst, respectively. Furthermore, one case
was prenatally classified as a mega cisterna magna
and postnatally as a persistent Blake’s pouch.

In n=69 of all 146 cases (47%) parents decided to
terminate the pregnancy prior to 24 weeks' GA. Fifty-
eight of these cases (84%) were terminated because of
multiple intra- and extracranial anomalies on fetal
ultrasound, with 33 having a proven genetic aberra-
tion. The remaining 11 out of 69 cases (16%) were ter-
minated because of the severity of an isolated
anomaly, mainly severe hydrocephaly. Autopsy con-
firmed the prenatal diagnosis in n=64 (93%). In 3
cases autopsy showed additional anomalies, all termi-
nated because of severe hydrocephaly. At autopsy, the
hydrocephaly was confirmed, but also the cause iden-
tified. Namely, heterotopias near the foramina of
Luschka and Magendie (n=1), aqueductal stenosis in
a case without prenatal third ventricle enlargement
(n=1) and additional spinal vertebrae deformities
(h=1).

In 2 cases of TOP the prenatal diagnosis prior to
24 weeks’ GA was incorrect. Namely, a case of a fetus
with suspicion of microcephaly with an unknown
cause that had a normal head circumference at post-
natal inspection (parents did not consent to autopsy).
The second case had a small cerebellum, cleft palate
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and a hyperechogenic bowel on fetal ultrasound, while
autopsy only confirmed the cleft palate.

Prenatal counseling on postnatal outcome

All parents were counseled prior to 24 weeks' GA on
the expected postnatal outcome, based on the extent
and severity of fetal ultrasound anomalies and on the
results of genetic and viral analyses if available.
Overall, counseling on prognosis was correct in 143
out of a total of 146 cases (98%).

The majority of these, namely, n=134, were in the
group of 135 cases that were diagnosed correctly
before 24 weeks' GA, including the 26 cases that were
predicted not to survive beyond infancy (see Table 1).
And although the diagnosis was incorrect in 11 cases,
of which 6 cases with additional anomalies found
postnatally, counseling on prognosis was correct in 9
of these cases. As mentioned above, in 11 of these
cases the brain anomalies resolved in utero after
24 weeks' GA and all these children had a normal neu-
rodevelopmental outcome. Since in these cases that
resolved in utero the prognosis had already been pre-
dicted to be favorable and possibly normal prior to
24 weeks’ GA, the cases can also be considered as cor-
rectly counseled for prognosis.

In 3 cases the prenatal counseling was deemed
incorrect. This was the case for one fetus with MC and
hepatic anomalies, where the postnatal outcome was
more favorable than prenatally predicted. Prenatally
the possibility of a syndrome diagnosis with an associ-
ated poor outcome was discussed, but the child had a
normal neurodevelopmental outcome and no underly-
ing (genetic) cause was found. In 2 cases, both with
prenatally diagnosed isolated VM, the prenatal coun-
seling had been too favorable, since additional anoma-
lies were found postnatally (a case of perinatal
hemorrhage and a case with bowel anomalies due to
a trisomy 21 for which the parents opted no prenatal
genetic testing) and thus had a worse outcome than
prenatally predicted.

MRI, viral and genetic analysis

In many cases the prenatal diagnostic process was
aided by diagnostic means other than neurosonogra-
phy. The results of genetic testing (karyogram, QF-PCR,
FISH, array-CGH and SNP-array) in amniotic fluid or
placental villi, and viral testing in maternal serum prior
to 24 weeks’ GA are reported below.

Fetal MRIs were performed, but not prior to
24 weeks' GA. The 34 MRIs made after 24 weeks’ GA
all confirmed the ultrasound diagnosis, and in cases of
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Table 2. Prenatal and postnatal genetic diagnoses (n) per main neurosonography anomaly, in order of prevalence.

Ventriculomegaly

Posterior fossa anomalies

Microcephaly

Prenatal aneuploidies

Prenatal structural variants

Prenatal missense mutations

Postnatal aneuploidies
Postnatal structural variants
Postnatal missense mutations

Partial trisomy 13 (n=1)

Partial trisomy, partial monosomy
9(n=1)

Trisomy 18 (

Trisomy 21 (

Trisomy X (n

n=4)
n=4)
)

=1

1g21.1 deletion (n=1)

7q11.23 duplication (n=1)

7936.1 duplication (n=1)

Balanced Robertsonian translocation
(n=1)

Homozygous POMT2 mutation (n=1)

Trisomy 21 (n=1)
1936 deletion (n=1)
Delleman-Oorthuis syndrome (n=1)

Ehlers-Danlos VI B syndrome (n=1)
Goldenhar syndrome (n=1)

Gorlin syndrome (n=1)
Joubert-like syndrome (n=1)

Mosaic variegated aneuploidy (n=1)
Partial trisomy 13 (n=1)

Tetraploidy 9 (n=1)

Triploidy (n=3)

Trisomy 13 (n=7)

Trisomy 18 (n=4)

Trisomy 21 (n=2)

Trisomy 9 (n=2)

18p11.3 duplication (n=1)

7q36.1 duplication (n=1)

8g21.3 duplication (n=1)

Multiple deletions and duplications
(n=2)

Terminal 4p deletion, terminal 17p
duplication (n=1)

Xp22.12 duplication (n=1)

Homozygous POMT2 mutation (n=1)

ALG12-congenital disorder of
glycosylation (n=1)

CHARGE syndrome (n=1)

Cockayne syndrome (n=1)

Ehlers-Danlos VI B syndrome (n=1)

Molybdene cofactor deficiency (n=1)

Trisomy 18 (n=2)
Trisomy 21 (n=1)

Distal 18q deletion (n=1)

EpsiIon-gamma-delta-béta-zero thalas-
semia (n=1)

Pyruvate dehydrogenase deficiency ¢
(n=1)

Simpson-Galabi-Behmel syndrome
(n=1)
VACTERL association (n=1)

severe anomalies it provided information on the
extent of the anomalies.

Viral testing was performed in 63 cases, of which 2
showed an active infection. One was in a case of MC
with signs of a cytomegalovirus infection on fetal
ultrasound, which was proven by maternal high serum
IgM. One isolated VM case tested positive for toxoplas-
mosis. Maternal prenatal treatment was commenced
and the fetus had no VM at birth and showed a nor-
mal neurodevelopmental outcome.

In 113 cases genetic testing was performed, of
which 51 showed a genetic anomaly. All genetic
anomalies found pre- and postnatally are shown in
Table 2. The majority of genetic tests (n=90, 80%)
was done in cases with associated anomalies, which
was also the group with the most found genetic aber-
rations (n=>50/51, 98%). There were two other major
groups that underwent prenatal genetic testing,
namely, isolated VM (n=6, 5%), cases of severe VM
with suspicion of aqueductal stenosis (n =6, 5%) and a
for miscellaneous indications (n=11, 10%). In one
case of isolated mild VM a balanced Robertsonian
translocation was found.

In the remainder of cases where prenatal genetic
testing was performed (n =62), the test showed a nor-
mal karyogram, QF-PCR or FISH. In 14 of these cases
(23%), a chromosomal anomaly was found postnatally

with array-CGH or SNP-array. In all these cases multiple
structural anomalies were seen on prenatal ultrasound,
which postnatally proved to be diagnosed correctly.
However, an exact syndromic diagnosis could not be
made prenatally, since array-CGH was not yet used
prenatally at our hospital when those particular cases
were included.

In 4 cases, of which 3 had an incorrect prenatal
diagnosis and 1 case had postnatally diagnosed associ-
ated anomalies, parents did not opt for genetic test-
ing. Even though multiple anomalies were present at
birth in these cases, postnatally no genetic aberration
was found.

Discussion

In the Netherlands, the legal limit for TOP is 24 weeks'
GA [5]. Therefore, in case of detection of fetal anoma-
lies, an accurate diagnosis and a careful counseling
process prior to this gestational age limit is crucial.
Our study shows that the overall accuracy of diagnos-
ing VM, PFA, MC and associated fetal brain anomalies
prior to 24 weeks’ GA is 92%. The counseling of
expectant parents on postnatal outcome was correct
in 98%. This allows a basis to make a well-informed
decision on whether or not to continue the pregnancy,
even in the second trimester.



The accuracy of fetal ultrasound reported in the lit-
erature differs enormously. The overall accuracy of
ultrasound when compared to autopsy is around 77%,
while for separate underlying causes accuracy can be
as low as 30% and as high as 100% [2,11-19]. The
reported variation in accuracy rates is due to the het-
erogeneity of the underlying causes discussed in these
papers, from acquired infections to genetic predisposi-
tions and disruptions in various brain structures. Many
studies have reported on the accuracy of one specific
anomaly, such as Dandy-Walker malformation, which
differs significantly from the diagnostic process in case
of agenesis of the corpus callosum [18,20]. Also, the
severity of the anomalies included differs between
studies.

Posterior fossa anomalies such as persistent Blake's
pouch, cerebellar and vermian hypo- or aplasia are
more challenging to diagnose accurately prior to
24 weeks [21,22]. Gandolfi Colleoni et al. noted that
structures in the posterior fossa, such as the vermis,
are often difficult to assess in early gestation [23]. One
could argue that as the fetal brain develops, brain
abnormalities become easier to diagnose.

In case of VM, which is an ultrasound sign rather
than a disease in itself, diagnosis of underlying path-
ology in utero is challenging both before and after
24 weeks’ GA. Counseling on the prognosis of VM
prior to 24 weeks' gestation is hampered by the fact
that progressive dilatation in the third trimester can-
not reliably be predicted, while this is the only signifi-
cant predictor for postnatal major brain abnormalities
in cases of isolated VM. [2,14,24].

However, despite the challenges of early gestation
and early stage brain development overall diagnostic
accuracy rate in this study was 92% prior to 24 weeks'
GA. Counseling on postnatal prognosis was accurate in
98% prior to 24 weeks’ GA, even though the neurode-
velopmental outcome can vary greatly depending on
the severity of the anomalies, the presence of associ-
ated anomalies or a genetic diagnosis [23,25-27].

To aid the prenatal diagnostic process, which
begins with a fetal ultrasound examination, additional
fetal MRI and genetic testing in amniotic fluid or pla-
cental villi can be helpful. In this cohort no MRIs were
made prior to 24 weeks’ GA. Therefore, we cannot
comment on the additional value of MRI before this
GA. MRIs performed after 24 weeks’ GA all confirmed
the ultrasound diagnosis, and provided additional
information on the extent of the abnormalities.
Previous authors have also shown that MRI could offer
clinically relevant findings, especially after 24 weeks’
GA [28-30].
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During the study period (2007 through 2014) differ-
ent types of genetic analysis, with increasing reso-
lution, have been applied. In cases included from 2007
only standard karyotyping, FISH and QF-PCR could be
performed prenatally, while as of 2012 array-CGH
became available. With the introduction of SNP-array
this has become the method of first choice for invasive
prenatal testing in our center since 2014 [31]. It is
especially useful for brain anomalies, as SNP-array can
yield a genetic aberration in 37% of fetal brain anom-
aly cases [32]. One should note that of the 14 cases in
which the genetic aberration causing the ultrasound
anomalies was only found postnatally, 13 of these had
a missense mutation, which cannot be detected by
SNP-array.

The main limitation of this study is its retrospective
design. Second, it is a monocenter study on inborn
infants referred to a tertiary center, which leads to a
highly selected population. All fetuses with minor
anomalies were referred back to the referring care-
givers. Since there was no consistent pediatric follow-
up of these cases, they were excluded. Therefore, the
majority of cases included in this study were either
severe anomalies or cases with multiple anomalies,
which may have influenced the high accuracy number
since these anomalies are easier to diagnose.

In conclusion, despite the challenges of early gesta-
tion and early stage brain development the overall
accuracy rate in diagnosing and providing accurate
prognosis on fetal brain anomalies prior to 24 weeks’
GA was high, especially in cases with severe anoma-
lies. Prenatal genetic testing is a valuable diagnostic
tool and should be offered to all women with fetal
brain anomalies. Considering the many different types
of anomalies and diverse etiologies, a multidisciplinary
approach is essential for accurate prenatal diagnosis of
fetal brain anomalies as well as for counseling on post-
natal outcome.
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