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Abstract

Background: Central nervous malformations are associated with major morbidity and mortality in infants and children.
Knowledge of the data about their outcome and neurodisability will help in perinatal counseling and aid in parental
decision-making. Objective: To study the fetal and neonatal characteristics of prenatally diagnosed central nervous
system (CNS) malformations and the neurodevelopmental outcome of the survivors over Syears. Methods: Maternal and
neonatal records of prenatally diagnosed CNS malformations were retrospectively reviewed over five years (January
2005 till December 2009). The relevant fetal and neonatal data were collected from the database maintained by the birth
defect registry. The long-term neurodevelopment data was obtained from case records. Results: There were 116 cases of
fetal structural CNS malformations. Termination of pregnancy or fetal deaths occurred in 80/116 (69%) of cases, of
which 68% had Neural tube defects (NTD). There were 36 live births, of which six infants died of anencephaly and were
not included in the study. Among 30 live births 17% of infants needed ventilator support and 17% had neurosurgical
intervention. On follow up 37% of the cohort had neurodevelopmental delay, 10% died, 30% had normal
neurodevelopmental outcome and 23% defaulted on follow-up. Conclusions: In two-thirds of the fetuses of prenatally
diagnosed CNS malformations, termination of pregnancy or fetal death occurred. Nearly half of the survivors who were
followed up had a composite outcome of death or global neurodevelopmental delay and need for support services.

Keywords: Central nervous system malformation, Congenital anomalies, Global developmental delay, Termination of
pregnancy, Neural tube defects.

Introduction

Fetal anomalies are recognized as one of the leading
causes of morbidity and mortality among infants and
children [1]. Two percent of all fetuses and infants are
reported to have major congenital malformations [2].
Developmental insults during early embryological
growth can lead to developmental disabilities later in
life. The cognitive, motor, and sensory deficits seen in
late childhood correlate to the type and numbers of
major birth defects [3]. Accurate prenatal diagnosis of
fetal anomalies allows parents to assess the immediate
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and long-term implications of congenital abnormalities,
and in turn to make an informed decision on continuing
the pregnancy [4, 5]. Additionally, prenatal diagnosis
enables parents to assess the recurrence risk of having a
baby with congenital malformations. Today, with the
state of the art technology in early fetal anomaly
detection, parents can have appropriate counseling by a
multidisciplinary team to reduce apprehension. Families
can thus understand the situation better in order to make
timely appropriate decisions [6, 7].

Among cases of isolated congenital anomalies at birth,
CNS anomalies account for nearly 9%. Nearly 16% of
infants with multiple malformations have CNS defects,
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making cranial malformations a major concern in
antenatal diagnosis [8]. Many of the major anomalies
can be diagnosed by antenatal ultrasonography (US),
the basic screening examination for pregnant woman.

However with antenatal US, subtle abnormalities
especially in posterior cranial fossa, can go undetected,
or can only be detected in the later stages of pregnancy
[9, 10]. Fetal magnetic resonance imaging (MRI) is a
more effective imaging tool, which is recommended
when there is a diagnostic dilemma, or when a more
detailed study of fetal brain is required [11, 12].

Many studies have shown that most major CNS
anomalies result in devastating effects on the
developing brain [13, 14, 15]. However, long-term
follow-up studies of infants born with CNS
malformations are lacking. This study aims to examine
the prevalence of major congenital CNS malformations
and their outcome over five years.

Materials and Methods

The study was conducted at KK Women’s and
Children’s Hospital, which is the largest tertiary referral
center in Singapore for high-risk pregnancies, fetal
imaging, prenatal diagnosis and intervention.

Maternal and neonatal records of prenatally diagnosed
CNS malformations in babies were retrospectively
reviewed over a five-year period from January 2005 to
December 2009. Retrieval of relevant fetal and neonatal
data was done from the Birth Defects Registry’s
database, which compiles prospectively collected data
of mothers who carried fetuses with birth defects.

The data collected includes maternal demographics
such as age, race, associated fetal malformations,
cytogenetic analysis, and Termination of pregnancy
(TOP). For the live births, data was gathered from the
case records using a standardized data collection form.

Besides maternal demographics, data collection
included perinatal and neonatal outcomes, surgical
methods and their outcomes, and long-term
neurodevelopmental status over five years.

Results
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Routine dating scans are performed before 14 weeks of
gestation, a screening scan at 20 weeks gestation, and a
growth scan is performed in the third trimester in our
institution. Accredited sonographers perform detailed
antenatal scan and in the presence of structural
malformations maternal—fetal specialists will verify the
images. The mother would also be offered the option to
undergo amniocentesis and cytogenetic analysis. A
multidisciplinary team comprising feto-maternal
physicians, neonatologists, geneticists, ultra-
sonographers, radiologists, surgeons, neurologist, and
cardiologist, meet on a weekly basis to discuss the cases

with the birth defects and suggest appropriate plans.

Fetal MRI was performed for structural CNS
malformations when there were diagnostic challenges.
Once a fetal CNS anomaly was diagnosed, the
appropriate multidisciplinary team would counsel
parents. The discussion will focus on the antenatal
findings and the postnatal outcomes and the need for
long-term neurodevelopmental follow up. Postnatally,
the neonate will be clinically assessed and evaluated
and would undergo appropriate imaging.

The clinical examination and investigations were
performed according to the unit protocol and
cytogenetic studies were offered for malformations.
Post discharge, the neonatologist; neurologist, and the
early intervention program team will follow up the
infant. The team would monitor the infant’s physical
growth and development, visual and hearing outcomes,
identify intervention required for babies with
neurodevelopmental delays, and where necessary,
recommend special school placement for early
intervention services.

Clinicians who followed up these children used Denver
II Developmental Screening Test (DDST). Cerebral
Palsy was diagnosed by the neurologist using the Gross
Motor Function Classification System (GMFCS). The
term global developmental delay (GDD) is used to
describe developmental disability in children with
significant delay in at least two of the major domains of
development: gross and fine motor, speech and
language, cognition, social and personal development
and activities of daily living.

During this five-year period, we identified 116 structural CNS malformations (Table 1). Eighty (69%) cases underwent

TOP and fetal deaths. There were 36/116 (31%) live births.
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Table-1: Antenatally Detected Central Nervous System Malformations.

Central Nervous System Number (%)
Total no of cases with antenatal CNS malformations 116
No of cases that underwent TOP and fetal deaths 80
Neural tube defects 54(68%)
Holoprosencephaly 7((9%)
Agenesis of corpus callosum 4(5%)
Cerebellar malformations 6(8%)
Posterior fossa cyst 5(6%)
Miscellaneous 4(5%)
No of live births with antenatal CNS malformations 36
Neural tube defects 9(25%)
Holoprosencephaly 3(8%)
Hydrocephalus+hydranencephaly 3(8%)
Agenesis of corpus callosum 7(19%)
Cerebellar malformations 3(8%)
Posterior fossa cyst 6(17%)
Schizencephaly 2(5%)
Cerebral tumour 1(3%)
Porencephalic cyst 1(3%)
Hypoechoeic lesion 1(3%)

Neural tube defects accounted for 54/80 (68%) cases of TOP and fetal deaths, of which 37/54 (68%) had anencephaly
and 17/54 had other NTD other than anencephaly. Holoprosencephaly accounted for 7/80 (9%) of cases of which 57%
had major associated congenital malformations including exomphalos major (2), trisomy 18 (1) and trisomy 13 (1). There
were 4/80 (5%) cases of agenesis of corpus callosum (ACC) with major associated malformations in two of them. One
had a hypoplastic left heart syndrome and the other had trisomyl8. There were 6/80 (8%) cases of cerebellar
malformations. Two of them had small cerebellum and absent cavum, 2 had absent inferior vermis and 2 had prominent
gap in the vermis. In the 2 fetuses that had prominent gap in the vermis, one had associated hydrops fetalis with
horseshoe kidneys and had 45XO in karyotype analysis whereas the other fetus had trisomy 13 with double outlet right
ventricle. There were 5/80 (6%) cases of posterior fossa cysts of which 3 had Dandy- Walker malformations. Two had
associated malformations in the form of echogenic-enlarged kidneys and cardiac malformation with single outflow tract
respectively. The karyotype was Trisomy 3 and Trisomy 9 respectively.

Amniocentesis for cytogenetic analysis was performed in 11/80 (14%) mothers who had TOP or fetal death. Of those
who underwent amniocentesis, 3 each of trisomy 18 and trisomy 13, one each of 45XO, trisomy 3 and trisomy 9 and the
rest had normal karyotype.

Postmortem studies of fetuses terminated or had fetal death- Post-mortem (PM) evaluation was done in 13/80 (16%)
cases. There were 11 cases (85%) where PM findings correlated well with antenatal imaging report. Postmortem was
performed in 8/17 (47%) cases of NTD (excluding anencephaly), which had good concordance with the prenatal
ultrasound study. Of the antenatally detected cases, one case of holoprosencephaly, Dandy—Walker malformation and
cerebellar hypoplasia, each had PM study and confirmed the prenatal US findings. PM findings had discordance in two
cases, of which one infant was suspected to have microcephaly and a small cerebellum in prenatal scan and PM report
showed a vascular event with anoxic encephalopathy with neuronal loss. In the second case, the prenatal scan suggested
septo-optic dysplasia and the PM showed lobar holoprosencephaly with septo-optic dysplasia.

Neonatal outcomes- There were 36 live births, of which 6/36 (16%) infants were anencephalic and all of them died and
were excluded from the study. Rest of the infants with CNS malformations was followed up for five years. The mean
gestational age at screening was 25.8 +7.5 weeks. The mean birth weight and the mean gestational age of this cohort
were 2.77 0.7 kg and 37.2 +7 weeks respectively. None of the infants in this cohort needed active resuscitation in the
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form of intubation and ventilation. Six (20%) infants were born preterm, 4 were between 32-34 weeks and 2 were 35
weeks of gestation. A total of 9/30 (30%) infants underwent neurosurgical intervention, of which 6/9 (66%) in the first
week of life and 3/9 (33%) in late infancy. Neurosurgical procedures included repair of myelomeningocele and
ventriculo-peritoneal (VP) shunt insertion in 2/9 (22%), while 6/9 (67%) among them had VP shunt insertions alone and

one infant had occipital encephalocoele repair.

Cytogenetic study in live born infants with prenatally detected CNS malformations- Of the 30 cases, antenatal
cytogenetic study was performed in 5/30 (16%), while postnatal cytogenetic study was performed in 4/30 (13%). One
fetus had triple X syndrome in the antenatal study group and four were normal. In the postnatal cytogenetic study group

only one infant had abnormal karyotype. This was a trisomy 18 infant born to a 28-year-old mother who refused prenatal
karyotyping.

Table- 2: Survival Outcomes of The 11 children with global developmental delay over five years.

S/No|Gestation Diagnosis at birth Surgical Age at Cognitive Motor Other
age at interven | follow up disabilities disabilities | disabilities
diagnosis tion
(weeks) (Day of
life)

1 24 Hydrocephalus with 2 Died at 9.5 Attended Paraplegic, Nil
Arnold chiari years special school |non-ambulant
malformation GDD

2 34 Hydrocephalus with 2 5 years Attends Walks with Right
Arnold chiari special school frames- dislocated
malformation GDD paraplegic- | hip, central

hypoventilati
on syndrome

3 22 Hemilobar - 5 years Attends Walks with

holoprosencephaly special school | unsteady gait
GDD
4 18 Severe holoprosencephaly 2 9 years Attends Non-ambulant| Gastrostomy
with a large single special school feeds
monoventricle GDD
5 31 Bilateral open-lip - 7 years Attends Non-ambulant Blind,
schizencephaly special with global | gubluxated
school,GDD |developmental hips
delay.

6 33 Bilateral open lip, Yes 10 years Attends Non-ambulant|  Seizures

schizencephaly with at 47 special school with CP
absent copus callosum days old GDD
and absent septum
7 34 Hydrocephalus At5 1.5 years and GDD Non-ambulant-| Blind
months | lost to follow quadriplegic
up CP
8 28 Hydranencephaly At4 5 years 10 Attends Non-ambulant| Blind, deaf
months months special school | Quadriplegic
GDD CP
9 20.7 DW malformation, 2 Died at 5.5 GDD
suspected encephalocele years
10 25.7 Large cisterna magna, - Seen at 9 Attends Walks few Ptosis
DW variant, Joubert years special school steps.
syndrome GDD
11 20.1 Gap in inferior vermis and - 6 years Attends Able to walk | Congenital
calcification of special school rubella
periventricular area GDD syndrome

Pediatric Review: International Journal of Pediatric Research

Available online at: www.pediatricreview.in

560 |Page




August, 2016/ Vol 3/ Issue 8 ISSN 2349-5499

Research Article

Neuroimaging-Fetal MRI was performed in 8/30 (27%) infants who had prenatal US detected CNS malformations. Fetal
MRI confirmed schizencephaly in one infant and ACC in another.

Fetal MRI aided diagnosis in two more infants. One was a suspected case of Dandy-Walker malformation in fetal US,
but MRI confirmed it to be a posterior fossa cyst.

Antenatal US showed septo-optic dysplasia but fetal MRI confirmed it as absent cavum septum pellucidum in one case.
Fetal MRI confirmed a porencephalic cyst in another case where US diagnosis favored an intracerebral cyst in the left
temporal region. All infants had postnatal US studies. Postnatal MRI was performed in 15/30 (50%) infants.

Neurodevelopmental outcome and mortality- The five-year neurodevelopmental outcome revealed 11/30 (37%)
children with global developmental delay and they had moderate to severe neuro-disability. Table 2 lists the
neurodevelopmental outcomes of these infants with severe neurodevelopmental impairment. Three cases (10%) died
during this 5-year period, 9/30 (30%) children had normal development and 7/30 (23%) defaulted follow up.

Of the three cases of NTD excluding anencephaly one had occipital encephalocele, which was repaired in the neonatal
period but defaulted, follow up. The other two had Arnold-Chiari malformation and needed multiple admissions for shunt
infection. There were 3 cases of holoprosencephaly of which one had VP shunt insertion and multiple admissions for
shunt revision. One of them had absent cavum septum pellucidum in antenatal US but postnatal MRI had additional
diagnosis of heterotopic grey matter in the parietal and perisylvian areas, suggesting a neuronal migration disorder.

The infant had normal growth and development and was followed up to 2 years of age, after which he was lost to follow
up. In the hydrocephalus group of three, one child had hydranencephaly and was bedridden with spastic paraplegia
needing admissions for shunt infection and revision. Of the two cases of hydrocephalus one had arrested hydrocephalus.
This infant had initial mild motor delay but was growing well and was discharged from follow up at 4 years of age.

Out of seven antenatally diagnosed cases of ACC, 5 were postnatally confirmed by cranial ultrasound and only one
needed MRI. Table 3 shows the associated anomalies with classified cases of the ACC and their follow up.

Three cases of cerebellar lesions with gap in the inferior vermis were detected in antenatal US. Two of them had normal
postnatal scans and normal development, while one infant was diagnosed to have multisystem involvement. His postnatal
US showed periventricular calcifications and were confirmed as congenital rubella syndrome by serology.

There were six cases of posterior fossa cysts; of which arachnoid cyst was diagnosed in five of them and one of them was
Dandy-Walker malformation. One of the prenatal US diagnosed arachnoid cyst had a large (19mm) cisterna magna. An
MRI done at 6 months age for delayed development showed absent vermis and diagnosed as Dandy walker variant.
Geneticist suspected Joubert syndrome in this infant but parents refused further confirmatory tests.

One case of cerebral tumor was diagnosed at 36 weeks. The tumor measured 94mm in length, 93mm in breadth and
86mm in width. The screening scan done at 20 weeks was normal but 36 week US scan revealed a tumor mass. Postnatal
CT scan showed a large central intraventricular contrast-enhancing tumor containing cystic areas and calcification.

The Alpha-fetoprotein level was highly elevated at 304687ug/L and suspected an intracranial germ cell tumor. The infant
died at 37 days old prior to any surgical intervention.

Infant who had porencephalic cyst had hemiplegia. This child was last seen at 8 years of age with right hemiparesis and
he was attending normal school. The child with a hypoechoic lesion in the right cerebral area had multisystem
involvement and was suspected to have cerebro-oculo-facio-skeletal syndrome (COFS).

There were total of 5(17%) deaths, 2 in infancy, one with trosmyl8 and one with the cerebral tumor. The child with
suspected COFS died at 2 years, the boy with semi lobar holoprosencephaly died at 9yrs of age and the child with
Dandy-Walker syndrome died at 5.5 years of age.
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Table- 3: Classified cases of the agenesis of the corpus callosum (ACC) and their associated anomalies

S/No| Gestational Antenatal finding Other Postnatal findings Karyotype Outcome
age at anomalies
diagnosis
(weeks)

1 34 Agenesis of corpus - Agenesis of corpus Not done Last seen at 1
callosum. callosum. Some year, normal
Dilatation of dilatation of development,
posterior horn of posterior horn of defaulted on

lateral ventricles. lateral ventricles follow-ups.

noted.
2 28 Absent corpus Small heart, Dysplastic corpus Trisomy18 Died at 24 days
callosum. Septo-optic |ventricular septal| callosum, absent old.
dysplasia. Dilated defect. Short cavum septum
third ventricle nasal bone. pellucidum.
Echogenic
bowel.

3 20 Corpus callosum not - Absent corpus Not done Last seen at 4yrs
clearly seen, MRI callosum. of age old, with
confirmed absent normal

corpus callosum development.

4 20 Absent corpus Absent corpus 46XY Mild hypotonia

callosum. callosum at 3yrs old.
Mild dilated third Development
ventricle normal at 4 yrs
old - discharged.
5 26 Absent cavum - Absent septum Not done Last seen at 2 yrs
septum pellucidum. pellucidum. Corpus old. Normal
corpus callosum callosum seen, development
absent heterotopic grey
matter seen in
parietal and
perisyvlian areas.
6 31 Absent corpus - Corpus callosum Not done Last seen 4.5
callosum. well seen. years old. Mild
Gap seen in inferior Ventriculomegaly to moderate
cerebellum. Ventricul PVL on MRI at 2 motor delay and
omegaly years. expressive
language delay.

7 28 Agenesis of corpus - Agenesis of corpus Not done Normal growth.

callosum callosum. Last seen at 3
years old.
Discussion

Central nervous system (CNS) malformations are the

second most common cause of congenital anomaly,
after congenital heart disease. These malformations
pose a difficult challenge to the clinician with regards to

diagnosis and management.

This study has brought to light the major CNS defects
that have lasting consequences in the infant’s life. A
study conducted by Tan K H et al. showed that the
incidence of birth defects was 15.13 per 1,000 live
births with 95% (CI 14.0-16.2) and CNS defect was
1.16 per 1,000 live births with 95% (CI 0.87-1.52) in

Singapore [16].

The most common antenatal CNS anomaly our study
found was anencephaly. Anencephaly was detected in

43/116  (37%) with

six live

births (included).

Anencephaly is the most severe and lethal malformation
among congenital defects [17]. A study by Johnson CY
et al. showed that 83% of pregnancies range, (31-97%)
affected with anencephaly and 63% of pregnancies
known to be affected with spina bifida range, (31-97%)
end in termination of pregnancy [18]. These figures
coincide with our findings. Thirty-seven (88%) among
43 cases of anencephaly underwent TOP and 85% of
neural tube defect had abortion/TOP. 4 out of 7 (57%)
cases of holoprosencephaly in the terminated group had
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chromosomal abnormalities and major associated
malformations. Chromosomal abnormalities were found
in 65.9% of fetuses with holoprosencephaly, in a study
by Kagan KO et al. [19].

ACC seen in 50% of the cases in the TOP and fetal
death group had major associated malformations. Only
two karyotyping done in this group and on turned out to
be trisomy 18. Although karyotyping was offered, many
parents refused to do prenatal tests.

The post-mortem take-up rate is traditionally low in
many countries as shown by our study too. Although
the numbers are low, postmortem studies had good
correlation with the ultrasound findings. There is
evidence showing the value of fetal post-mortem in
establishing the etiology of congenital anomalies [20,
21]. A study by Rodriguez MA et al found that the
detection rates were highest for CNS malformations
(91.5%) following autopsy [22].

It is well known that the fetal US has limited
specificity, in the diagnoses of posterior fossa
anomalies [23]. Fetal MRI allows direct visualization of
structures in the midline in the sagittal plane, which
occurs with abnormalities of the posterior fossa or the
corpus callosum [24]. Fetal MRI played a vital role in
the diagnosis of porencephalic cyst, schizencephaly and
cerebellar lesions in this study cohort. When available,
fetal MRI is indicated, allowing confirmation of the
finding and assessment of coexisting brain
abnormalities in selected cases as shown in our study.

Of the 30 infants who were followed up, the study has
shown clearly that major malformations had impact
with major morbidity resulting in poor quality of life.
Only 9 infants in the cohort underwent neurosurgical
procedures. But four children had multiple admissions
for shunt blockage and infections.

Neural tube defects remain one of the most dreaded
CNS anomalies. Although folic acid supplementation
reduces the incidence of neural tube defects, failure in
periconceptual intake of folate remains the main cause
of neural tube defects, as most pregnancies are
unplanned. More work needs to be done in terms of
counseling adolescent and married women who are
planning pregnancy.

Holoprosencephaly is another major CNS deformity.
Among the three infants who were born live, two
children had severe GDD. There are wide phenotype
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variations for these infants, depending on the severity of
the lesions. The severe forms are incompatible with life,
and genetic counselling for families is recommended.
Postnatal karyotype was performed only in one case. In
all cases, amniocentesis and cytogenetic studies were
offered, but were refused by the parents. While the
prognosis of children with Holoprosencephaly is
variable, most of them have neurological impairment

[25].

Agenesis of the CC (ACC) is a common CNS anomaly
with an incidence of 0.5-7 in 10,000 live births [26].
Among the six cases 4 infants with agenesis or
dysgenesis of the CC, had normal growth and
development. Many studies have shown that ACC is
associated with a number of CNS abnormalities and
syndromes, as well as chromosomal anomalies where
the outcome is poor. The prospective risk of
neurodevelopmental delay for a fetus with ACC
isolated prenatally is 27%, compared with 15% for an
infant whose diagnosis of isolated ACC is confirmed
postnatally [27]. The fetal MRI is indicated to
supplement the findings provided by ultrasound because
it allows precise visualization and understanding of the
extent and severity of anomalies [28, 29]. Families of
infants diagnosed with ACC should be offered genetic
counselling and these infants need long-term follow-up
by a multidisciplinary team to assess their development
and to address other comorbidities like epilepsy and
feeding problems. The limitation of our study is that
these infants who were considered normal were either
discharged early or lost to follow up.

Dandy-walker malformation is associated with a high
chance of poor prognosis [30]. Outcome data remains
conflicting in these children. However, there appears to
be a higher association with better neurodevelopmental
outcome when a normally lobulated vermis is present,
and when associated CNS anomalies are absent [31].

Unfortunately, the two cases of schizencephaly were
diagnosed late in the third trimester due to social
reasons. The infants ended up bedridden with severe
GDD. Both were born to young mothers: one was 16
and the other 23 years old. Only one mother underwent
a fetal MRI. Schizencephaly is rare, with most of cases
still recognized only after birth, with increased
frequency in younger mothers, and in association with
other conditions arising from vascular disruption [32].
The California Birth Defects Monitoring program found
that schizencephaly occurred in one every 70,000 live
born children and that only one of 63 cases was
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suspected antenatally [33]. A survey done on
schizencephaly showed that the severity of the motor
and mental impairments is directly related to the extent
of the anatomic defect [34].

In our study the surviving children with severe
malformations were moderately or severely disabled.
Some mothers had screening scan late in pregnancy. As
per our ethical guidelines, abortion is not allowed after
24 weeks, unless the malformation is proved to be
lethal. Our study shows that prenatal diagnosis of CNS
malformations is mandatory to prevent major morbidity
and the prognosis can be estimated early enough to act
on.

Limitations-Given the large number of heterogeneous
cases in our cohort, our data is not sufficiently powered
to give targeted reports. Some infants who were
considered normal were either discharged early or the
parents discontinued follow-ups.

The brain anomalies may have effect on learning,
writing, emotional changes etc. The infants require
regular follow-ups by the pediatrician till they are at
least 10 years old. Most of the cases of neurodisability
were followed up for early intervention by a
multidisciplinary  team  including,  occupational
therapist, physiotherapist, and neurologist.

This study also highlights the importance of fetal MRI
and post-mortem studies. As the numbers were less in
our study we are unable in this retrospective study to
comment on the specificity of fetal MRI. Even if a full
autopsy is not performed, cytogenetic studies and/or
chromosomal microarray should be recommended at the
very least, before the termination of a pregnancy. This
procedure will allow as much information to be
gathered as possible for postnatal review and
counseling.
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