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Resumo

A ventriculomegalia é definida como a dilatacao dos ventriculos cerebrais num feto, quando
ndo relacionada com o aumento da pressdo cerebral. E um achado relativamente comum
em imagens do segundo trimestre. Considera-se isolada quando a data do diagnéstico nao
existem sinais ecograficos de malformacoes ou alteracoes cromossémicas associadas.
Contudo, a ventriculomegalia pode também ser o primeiro sinal associado a uma variedade

de patologias que causam disfuncao neuroldgica, cognitiva e/ou motora.

Apoés a sua detecdo, € necessaria uma avaliacado pormenorizada do feto para despiste de
eventuais anomalias. Tal deve incluir uma ecografia detalhada da anatomia fetal, uma
amniocentese para andlise cromossémica, o doseamento da alfafetoproteina e da
acetilcolinesterase e o despiste de infecdes como o citomegalovirus e a toxoplasmose. E
também essencial manter um follow-up da gravida ao longo da gestagao de forma a avaliar

eventual progressao, estabilidade ou resoluc¢do do problema.

Um dos grandes desafios da ventriculomegalia baseia-se na dificuldade da gestao da doenca
e do aconselhamento parental por ser dificil caracterizar o risco absoluto e o grau de
deficiéncia associado a patologia antes do nascimento da crian¢a. Um ligeiro aumento no
risco de dano cerebral pode ser causa de grande sofrimento para os pais, levando-os
potencialmente a optar pela interrup¢ao da gravidez. Ao mesmo tempo, tal decisao pode
representar um dilema para os médicos, ja que grande parte dos casos de ventriculomegalia
isolada leve e moderada resulta no nascimento de criancas saudaveis. Assim sendo, torna-
se de extrema importancia saber quando valorizar a ventriculomegalia, evitando potenciais

sobrediagnosticos e ansiedade parental.

Esta revisao bibliografica tem como objetivo organizar e realcar a informacao mais relevante
presente na literatura atual, de modo a construir um documento esclarecedor no que diz
respeito ao diagnostico, etiologia, prognostico e monitorizacao de uma gestacao complicada

por ventriculomegalia.
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Abstract

Ventriculomegaly refers to the dilation of the fetal cerebral ventricles unrelated to increased
cerebrospinal fluid pressure. It is a relatively common finding on second trimester obstetric
ultrasonography. When isolated, i.e., when there are no additional abnormalities
associated, the outcome is usually favourable. However, ventriculomegaly can also be the

first sign of a variety of disorders that cause neurologic, cognitive and/or motor impairment.

When an enlargement of the ventricles is identified, a thorough evaluation should be
performed, including a detailed ultrasonography of fetal anatomy, an amniocentesis for
karyotype and chromosomal microarray analysis as well as testing for fetal infection.
Follow-up ultrasound examinations are then crucial to address possible progression,

regression or stagnation of the ventricular dilation.

Despite being one of the most frequent brain anomalies, counselling the parents of affected
fetuses is still a challenge for the doctor as the aetiology and neurodevelopmental outcome

are highly variable and difficult to determine before childbirth.
The aim of this review is to organize and highlight the most relevant knowledge present in

current literature, regarding the diagnosis, etiology, prognosis and management of a

pregnancy complicated by ventriculomegaly.
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Methodology

A thorough literature search was conducted in two electronic databases, namely
MEDLINE/PUBMED and UpToDate, using the following terms: fetal cerebral
ventriculomegaly; isolated ventriculomegaly; prenatal diagnosis; ultrasound; congenital
malformations; developmental outcome; neurological outcome; central nervous system.

The search was restricted to human studies, published in English.
Some books were also consulted, as well as national and international guidelines.

The literature research was carried out between the months of October 2020 and February
2021.

The articles were selected according to the content of the title and/or abstract.



Introduction

The central nervous system (CNS) is a complex system among fetuses and adults and one
of the most common sites of congenital anomalies, second only to cardiac malformations.
Such anomalies are of great clinical importance, because they are associated with high rates

of fetal morbidity and mortality.

The fetal cerebrum changes dramatically throughout pregnancy. In the early stages the fluid
filled ventricles occupy most of the available space, while from week 16 onwards the brain
tissue predominates. Ventriculomegaly is a relatively common finding during a routine
second trimester ultrasonography at 18 to 22. weeks of gestation but can also be diagnosed
in the late second trimester or the third trimester [l. It is defined as an atrial dilation of the
fetal lateral ventricles greater than or equal to 10 mm. Prevalence of ventriculomegaly varies
according to different studies from 0.08%-1%, while isolated ventriculomegaly is estimated
to affect circa 0,04-0,4% of all newborns. [21 (31 Males are more affected than femalesina 1.7

male-to-female sex ratio. [

Once diagnosed, the finding should be followed by a systemic analysis of the fetal brain.
While a mild increase in the size of the atria can be a normal variant associated with a benign
outcome, it can also be a sign of multiple disorders including syndromic, malformative and
clastic pathologies, which can lead to neurologic, motor and/or cognitive impairment [41.
Therefore, a full screening with neurosonography, a detailed ultrasonography depicting all
organs and systems, a workup for possible fetal infection and an amniocentesis for
karyotype and microarray are of great importance. When no abnormalities are found the
ventriculomegaly is classified as isolated. In case of a mild isolated ventriculomegaly (10-
12mm) the chance of survival without neurodevelopment deficits is >90% [51. Same doesn’t
apply to moderate (13-15mm) and severe (>15mm) ventriculomegaly. Generally, the larger

the atrium, the greater the probability of an abnormal outcome [¢J.

The list of differential diagnosis is vast and goes from a benign normal variant to severe
pathologies with great impairment. Ventriculomegaly can be caused by two different
processes: either by the increased pressure of the cerebrospinal fluid (CSF) due to
obstruction flow or increased production of CSF or because of an abnormal development of

the brain tissue. [

However, there are two considerations that cannot be disregarded. First, there is significant

interobserver variability in the ventricles’ measurement, specially at borderline diameters.



Second, not all architectural changes are detectable on prenatal ultrasonography and MRI
(11, Therefore, managing the condition and counselling parents proves to be a hard task for
the doctors, since the etiology, absolute risk and deficit level are difficult to determine

during gestation 8.



Addressing Ventriculomegaly

The ventricular system consists of four connected cavities, namely the right and left lateral
ventricles, the third and the fourth ventricle. Within each lateral ventricle there is a choroid
plexus responsible for the production of cerebral spinal fluid (CSF). The CSF drains from
the lateral ventricles into the third ventricle via paired foramen of Monro and reaches the
fourth ventricle through the cerebral aqueduct of Sylvius. From there it passes into the
subarachnoidal space through the foramen of Lushka laterally or the foramen of Magendie
medially, filling the subarachnoid space of the cisterns and overlying the cerebral cortex or
filling up the spinal subarachnoid space respectively. The CSF is then reabsorbed into the
superior sagittal sinus through the arachnoid granulations. This allows the CSF to flow from
the subarachnoid space, a high-pressured compartment, into the low-pressure venous

system [9] [10],

The fetal cerebral ventricles start developing before the 8t week. The lateral ones stem from
the telencephalon, the third ventricle from the mesencephalon and the fourth from the
metencephalon. From week 7 of gestation the lateral ventricles are depicted as small round
vesicles on the ultrasonography while the choroid plexus only becomes visible on the gt

week of gestation [,

An ultrasonographic examination to observe the anatomy of the fetus is recommended
between week 18 and 22 of gestation by the American College of Obstetricians and
Gynecologists. At this age, major organs, such as the heart and the brain, can be adequately
visualized with sufficient clarity to detect significant malformations. Thus, after week 18 the

obstetrician is expected to assess the anatomical components listed in Table I.



Table I Components to be checked after week 18 on ultrasonography. Adapted from the American Institute of

Ultrasound in Medicine, 2013.

Lateral cerebral ventricles

Four-chamber view of the

heart

Stomach (presence, size, situs)

Choroid plexus

Left and right ventricular
outflow tract

Kidneys

Midline falx

Urinary bladder

Cavum spetum pellucidi Cervical, thoracic, lumbar, | Umbilical cord insertion into
sacral fetal abdomen

Cerebellum Umbilical cord vessel number

Cisterna magna Legs and arms

Upper lip

Consideration of nuchal fold
measurement at 15-20 weeks

In multifetal gestation and
when medically indicated

It is also recommended to estimate the cranial biometric,

which depends on two

parameters: the head circumference, corresponding to the outer perimeter of the skull, and

the biparietal diameter taken from the outer edge of the proximal skull to the inner edge of

the distal skull. ] (Figure 1).
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Figure 1 Ultrasonography of a fetal skull. BPD Biparietal diameter; HC Head

Circumference. Library picture of Centro Materno-Infantil do Norte, 2021.




There are three standard views used to examine the elements of fetal head: the

transventricular, the transcerebellar and the transthalamic view [2] (Figure 2).
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Figure 2 Axial views of the fetal head. (a) Transventricular plane; (b) transthalamic plane; (c) transcerebellar

plane. Library picture of Centro Materno-infantil do Norte.

As the name implies, the transventricular view depicts the anterior and posterior horn of

the lateral ventricles. The anterior horns are two c-shaped structures filled with fluid. They

are separated medially by the cavum septi pellucidi (CSP), a cavity delimited by two thin



membranes. Later in gestation or on the early neonatal period these membranes will
obliterate and form the septum pellucidum. The CSP should be always visible between week
18 and 37 of gestation or when the biparietal diameter measures 44-88mm. [:31 From week
16 the posterior horn is formed by an atrium which contains the choroid plexus, depicted

by an echogenic structure.

As mentioned, ventriculomegaly is diagnosed based on the size of the atria of the lateral

ventricles. This is mainly due to three facts:

i.  The posterior horn of the lateral ventricles is the first area to dilate and the atrium
dilates more than other ventricle regions, such as the frontal horns. This happens
because, unlike the anterior areas of the ventricle, the atrium is not constricted by
the striatum. [0] [14]

ii.  The walls of the ventricular atrium are perpendicular to the ultrasound beam in the
transventricular view. Thus, they can be virtually identified in any fetus.

iii. ~ The choroid plexus, an echogenic structure on ultrasonography, is easily identified
and serves as a marker for the lateral ventricular wall. When the lateral ventricle is
dilated, the choroid plexus appears to fall toward the dependent ventricular wall and
is referred as “dangling choroid” 5] . In healthy fetuses the plexus should generally
take up to at least half of the ventricle’s area. However, it will take up less than one-
half of the CSF space when the ventricle is dilated [61.

The size of the lateral ventricles remains stable between week 15 and 40 of gestation. The
mean diameter ranges between 6.2 + 1.2 t0 7.6 £ 0.6 mm 71, A fetus with an atrial diameter
greater than 10 mm is considered to have ventriculomegaly at any stage of pregnancy [81.
The atrium is measured on a transventricular view at the level of the anterior horn and CSP.
The cerebral hemispheres should look symmetric on screen. The calipers are then placed on
the inner margin of the medial and lateral walls of the atrium at the level of the parieto-
occipital groove. Ventriculomegaly is characterized as mild if the atrium measures 10-12

mm, moderate if 13-15 mm and severe if > 16mm. (6]

The Society for Maternal-Fetal summarized the criteria for appropriate measurement of the

lateral ventricles (Table II).



Table II Criteria for appropriate measurement of the lateral ventricles. The Society for Maternal-Fetal
Medicine, 2018.

i. Head is in axial plane
ii. Image is magnified appropriately, so that fetal head fills majority of image
iii. Focal zone is at appropriate level
iv. Cerebral ventricles are symmetric in appearance
. Midline falx is imaged
vi. Atrium and occipital horn of lateral ventricle
vii. Atrium of lateral ventricle is measured at level of parietooccipital groove
viii. Calipers are placed on medial and lateral walls of atrium perpendicular to long axis
of ventricle

. <

However, there is a great variability between observers specially at borderline measures
near 10 mm or when other CNS abnormalities are detected, which increases the number of
false positive results. Levine et al. concluded in their study that among fetuses referred for
ventriculomegaly, there is a 40% discrepancy in opinions on ultrasonography exams and
47% on magnetic resonance studies. Furthermore, when the result between both images did
not match, the readers favoring ventriculomegaly recorded larger ventricular diameter by a
margin over 2mm in the mean diameter [9. The consequences of these variations are
clinically important, since ventriculomegaly can be regarded as a nonspecific indicator of
abnormal brain development, requiring invasive procedures when diagnosed. The diagnosis
can also cause significant anxiety for the parents, even when associated anomalies are ruled
out or when the karyotype is normal. In fact, the very presence of a subtle deviation from
the norm of the fetal cerebral structure raises the idea of brain damage in the minds of most

parents. [8] [20]

In addition to the size of the ventricles, the laterality should also be assessed. Fetal
ventriculomegaly can be either symmetrical, affecting both lateral ventricles (bilateral) or
unilateral. Around 50-60% of cases of ventriculomegaly are unilateral, the rest being
bilateral =1 [22], Nonetheless, the etiology and outcome of unilateral and bilateral
ventriculomegaly is similar, making management and counseling of the two mainly the
same [231. Tt is important to stress that some asymmetry between both lateral ventricles
should be considered normal 24, Asymmetries below 2mm are not associated with an

unfavorable outcome when both ventricles are <10 mm. [25]

Unilateral ventriculomegaly should raise the concern of an underlying clastic vascular
pathology caused by an ischaemo-hemorrhagic event [26]. Apart from the asymmetry, this

pattern usually includes the presence of a hyperechogenic ventricular wall, echogenic
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deposits or real clots within the ventricular cavity. In extended ischaemo-hemorrhagic
insults the borders of the ventricles are also affected, becoming irregular due to the
destruction of the periventricular parenchyma. However, asymmetric ventriculomegaly is
not pathognomonic of a clastic lesion. It can also show up in malformative pathologies, such
as hemimegalencephaly, which is characterized by unilateral ventriculomegaly and

dysmorphic dilated ventricles [27] [28],



Etiology

Ventriculomegaly can be caused by different pathologies, varying from idiopathic to
structural or chromosomal abnormalities. Therefore, any diagnosed fetus should be
carefully examined for its cause and other associated malformations. Causes of
ventriculomegaly can be broadly divided into loss of cerebral tissue (cerebral atrophy),

obstruction of the cerebrospinal fluid (CSF) pathway or increase of its production [0l

Aloss of fetal brain tissue associated with cerebral atrophy can result in an expansion of the
ventricles that will fill the available space in the brain. This can be caused by a variety of
diseases, such as metabolic disorders, infections or cerebral infarctions. The dilated

ventricles will often look asymmetrical.

The abnormal turnover of CSF can be caused due to an obstruction to its flow or an increase

of its production. The type of obstruction can be divided into two groups:

i. Ifthe obstruction is inhibiting the communication between the ventricular system and
the subarachnoid space, it is classified as ‘noncommunicating’ (e.g., stenosis of the
aqueduct of Sylvius, Dandy-Walker malformation)

ii. A communicating obstruction allows the connection between the ventricles and the
subarachnoid space, i.e., the obstruction is in the arachnoid space (e.g., Chiari

malformation, encephalocele, fibrosis due to hemorrhage)

Noncommunicating obstructions can occur at different parts of the ventricular system. The
most frequent one is the stenosis of the aqueduct of Sylvius, due to its narrowing, forking or
due to the presence of a septum 2, Aqueductal stenosis can be either genetic or can result
from fibrosis secondary to fetal infection (e.g., toxoplasmosis or cytomegalovirus) or
bleeding. In some cases, bleedings will also destroy the arachnoid villi, leading to a

decreased reabsorption of the CSF, which, in turn, will increase the size of the ventricles.

A mass or a cerebral tumor can also lead to compression of the aqueduct, causing
ventriculomegaly. Although rare, some types of tumors, such as the choroid plexus
papilloma may lead to an overproduction of CSF with consequent ventriculomegaly. [29]
Large isolated choroid plexus cysts may also temporarily dilate the fetal cerebral ventricles.
However, they are typically benign and the associated mild ventriculomegaly has usually a

good outcome.
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About 5% of mild to moderate ventriculomegaly cases are correlated to congenital fetal
infections, most commonly toxoplasmosis, cytomegalovirus and Zika virus [3°l. Rare cases
were also linked to other viruses, such as mumps enterovirus 71, parvovirus B19,
parainfluenza virus type 3 and lymphocytic choriomeningitis virus [31l. Congenital infections
are responsible for causing cerebral atrophy, aqueductal stenosis due to fibrosis or
communicating hydrocephalus due destruction of the arachnoid villi. Some cases of
congenital infections lead to common signs on ultrasonography such as fetal growth
restriction,  periventricular/hepatic = and other intraabdominal calcifications,
hepatosplenomegaly, echogenic fetal bowel, ascites, meconium peritonitis, polyhydramnios
or microcephaly. However, not all infected fetuses show these signs, and some features will

only be evident later in gestation. [32]

Finally, ventriculomegaly can also be caused by genetic disorders or malformations. The
risk of aneuploidies is higher in non-isolated ventriculomegalies regardless of the degree of
dilation [33]. The most frequent genetic disorder is trisomy 21 [34l. Other less frequent
diseases include the X-linked idiopathic hydrocephalus, agenesis of the corpus callosum or
Dandy-Walker malformation. These conditions are usually associated with more severe
cases of ventriculomegaly as well as other extra anomalies that can be seen either on

ultrasonography or magnetic resonance imaging.
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Post-diagnostic Evaluation

Post-diagnostic evaluation of ventriculomegaly should focus on the following three steps:
additional imaging exams to determine if other abnormalities are present, mother’s
serology to exclude possible infection, diagnostic amniocentesis to exclude potential
chromosomal abnormalities and counseling parents on the prognosis and potential further

interventions.

In obstetric follow-up, ultrasonography has been the main imaging tool to assess fetal
growth and development. The improvements of technology and the increased experience in
ultrasound practice have allowed ultrasound imaging to be used for both routine purposes
and detailed fetal investigation [351. As mentioned before, the first suspicion of
ventriculomegaly is usually found on the anomaly ultrasound scan during the second
trimester. Mothers will then be referred for a more detailed scanning performed by a
specialist. Ultrasonographic scanning has been reported to have a sensitivity of 73 to 92%

for major abnormalities [3°],

The operator is expected to give special attention to the cerebral anatomy, including the
lateral, third and fourth ventricles, the corpus callosum, thalami, cerebellum and the
cerebellar vermis [32l. It is also important to look for signs of fetal infection, such as
calcification, ascites and hepatosplenomegaly. Finally, the ultrasonographic scan should
also include an assessment of fetal biometry, in order to look for evidence of eventual growth

restriction and an echocardiogram of the fetal heart.

However, the examination of the ventricular system by ultrasonography can be affected by
different factors, such as fetal location, position of the brain, skull ossification and technical
skills of the operator. All of these can increase the chances of misdiagnosis or missed

diagnosis.

Hence, fetal magnetic resonance imaging (MRI) can be used to confirm ultrasound results
or to detect additional malformations [371 [38]. According to different studies, the probability
of identifying additional malformations on MRI goes from 10% to 76% but appears to be
<50% in most studies [39] [40l, Tt usually depends on the degree of ventricular dilation, the
quality of the original ultrasound and whether the previous ultrasonographic scan was
performed by an experienced specialist or not [41]. The most frequent abnormality depicted

on MRI missed on ultrasonography is the agenesis of the corpus callosum [40] [42]. However,

12



Salomon et al concluded in their study that the most frequent disagreement between MRI

and US is the classification of the degree of ventriculomegaly itself [23].

Fetal MRI has several advantages, including a high soft-tissue contrast, a high-spatial
resolution and a wide imaging field [43. It is not affected by the acoustic shadowing of the
fetal skull, amniotic fluid volume, fetal position or maternal obesity, leading to a more
precise view of the brain components. Another particular advantage of fetal MRI is that it
allows the analysis of gyration, especially in the third trimester of gestation [44]. Thus, fetal
MRI has been proved to be particularly useful in cases of fetuses with known infection,
hemorrhage or ischemia, since it allows the assessment of the extent of destructive injury.
It may also be beneficial when other central nervous system malformations are present.
However, the MRI is considered to be unnecessary in cases of detected karyotype anomalies,

as these will typically already entail a negative neurological outcome [321,

Nevertheless, if imaging exams depict no other anatomical signs of etiology, further
investigation is indicated. Isolated ventriculomegaly has been associated with chromosomal
abnormalities, mostly trisomy 21 [341. Thus, assessment of the fetal karyotype is an essential
step of the diagnosis. For over half a century the gold standard method has been the
evaluation of the fetal karyotype through chorionic villus sampling until the 13t week of
gestation or amniocentesis [45. It can detect aneuploidies, translocations, large deletions or
duplications with a resolution less than 5 to 10 megabases in size. A diagnostic

amniocentesis is offered to women > 15 weeks of gestation.

However, it is now known that copy number variants (CNVs) are also associated with poor
neurological outcome in fetuses with isolated ventriculomegaly [8l. CNVs are 1 kilobase or

greater deletions and duplications which cannot be diagnosed using regular karyotype.

Hence, the amniotic fluid is tested for: chromosomal microarray to detect CNVs; alpha-
fetoprotein and acetylcholinesterase to exclude an occult open neural tube defect;
Polymerase chain reaction (PCR) for the most common infections; and in selected cases

DNA testing for a specific mutation in the L1 spectrum [11.

It’s worth mentioning that in many cases of ventriculomegaly caused by infections, the fetus
may present other sonographic findings as described before. However, in some cases, the
dilation of the ventricles might be the first and only sign. It’s important to review the
woman’s history and look for symptoms suggestive of infection or exposure to potential

sources of contamination (e.g., outdoor cats, consumption of undercooked meat). Hence,
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TORCH infection screening should be offered to all pregnant women with a diagnosis of
isolated ventriculomegaly. It includes testing for Toxoplasmosis, Other (syphilis,
parvovirus, hepatitis B, varicella-zoster, Epstein-Barr), Rubella, Cytomegalovirus and
Herpes. Maternal serology test should be used as a first step, followed by polymerase chain
reaction (PCR) on amniotic fluid in non-negative outcomes (i.e., positive or uncertain

result).

In some cases, family history is also evaluated in order to identify a possible existence of L1
cell adhesion molecule (L1CAM) mutations in the family. LICAM is a neuronal cell adhesion
molecule that plays an important role in nervous system development, interfering in cell
migration and differentiation. LICAM mutations are associated to X-linked syndromes, in
which other anomalies are usually present, such as hydrocephalus, agenesis of the corpus
callosum, Hirschsprung disease or any other intestinal-obstructive diseases, and limb
anomalies. Thus, if a severe ventriculomegaly is detected on a male fetus or if the family
history is suggestive of any of these disorders, DNA testing for a mutation in the L1 spectrum

is recommended [46] [47],

Lastly, it is advisable to perform follow-up ultrasounds after the initial detection of
ventriculomegaly to assess stability, resolution or progression [32]. In about 16% of cases
ventriculomegaly will progress, which, in turn, will worsen its diagnosis and prognosis [8];
contrarily, stabilization or regression of the size of the atrial diameter are usually positive
predictors 1341, It is difficult to determine an ideal timing and frequency of follow-up
ultrasound examinations, since it will mostly depend on the etiology of the ventriculomegaly
as well as on the initial gestational age at diagnosis. Melchiorre K. et al suggest in their
report that at least one additional detailed ultrasound scan should be carried out between
28 and 34 weeks, in order to search for other abnormalities that could not be clearly
identified on the second trimester scan [8l. On the other hand, Centro Materno-Infantil do
Norterecommends an ultrasonography every two to four weeks since the diagnosis of a mild
to moderate ventriculomegaly. Additionally, an MRI should be considered on weeks 22 and
32. A stricter protocol is outlined for severe ventriculomegaly, recommending an ultrasound

scan every two weeks and an MRI on week 22 and 32.
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Counseling

Most of the times the cause of ventriculomegaly cannot be determined in utero and there is
a wide discrepancy in outcome of infants with prenatal diagnose of ventriculomegaly. Thus,

counseling is always regarded as a big challenge for the doctors.

If the etiology of ventriculomegaly has been depicted on a comprehensive sonographic
evaluation or detected on a diagnostic amniocentesis (e.g., agenesis of the corpus callosum,
trisomy 21), parents can be given more specific information than in cases where the increase

of the atrial diameter is the only marker.

In most studies children with isolated mild and even moderate ventriculomegaly have a
normal outcome [48] [491 [50], Tt is important that the future parents understand that fully
confirming if the ventriculomegaly is isolated is not possible before birth [32]. In a meta-
analysis carried out by Pagani G. et al. the rate of neurodevelopmental delay in isolated mild
ventriculomegaly fetuses was 7.9%. In 7.4% of them, postnatal imaging depicted

undiagnosed findings, some of which with impact on prognosis [48].

The most important prognostic factors in isolated mild ventriculomegaly are the co-
existence of other anomalies and the progression of ventricular dilation 8. According to
different studies, the survival rate of newborns with isolated mild ventriculomegaly is
approximately 93-98% [33] [34]. The likelihood of a normal outcome is >90% [2! [331. Thus, it
is recommended that after completing a detailed evaluation, women whose fetuses have a
ventriculomegaly between 10 and 12mm, be advised of the favourable outcome and that no

issues are expected for the child 321 [51],

On the other hand, fetuses with isolated moderate ventriculomegaly are more likely to have
adverse outcomes compared to fetuses with mild ventriculomegaly. The survival rate ranges
from 80 to 97% and 75 to 93% of the newborns have a normal neurodevelopmental outcome
(331 [34], The Society for Maternal-Fetal Medicine advises that, after a thorough examination,
women be counseled that the outcome is likely to be favourable, but that there is an

increased risk of neurodevelopmental delays.

When additional abnormalities are found in fetuses with mild and moderate
ventriculomegaly, the prognosis depends mostly on the specific pathology itself rather than
the degree of ventricular dilation [49]. As mentioned, newborns whose ventriculomegaly has

progressed during pregnancy, are more likely to have an adverse outcome.
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With regards to severe ventriculomegaly, neurologic, motor and cognitive impairment are
more likely. In a meta-analysis carried out by Carta S. et al the survival rate was
approximately 88%, but only 42% of these newborns had a normal neurodevelopment.
However, it is important to remember that data on the outcome of children with prenatally
diagnosed severe ventriculomegaly, regardless of being isolated or not, is scarce. The

condition is rare and the rate of termination of pregnancies is high.

Even when all further tests are negative, the doctor should ensure that the parents are aware
of the fetus condition and the potential negative outcome in order for them to be able to
make an informed and timely decision on the continuation of their pregnancy. In those
parents who choose to terminate their pregnancy, evaluation to confirm or assess the
etiology is advisable, since identifying a cause can be helpful in determining the recurrence

risk in future pregnancies.
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Prenatal Management

Despite significant advances in imaging and prenatal diagnostic testing, prenatal care of

fetal ventriculomegaly is still very limited.

The timing of delivery is based on standard obstetric indications. If early delivery is being
planned in order to improve postnatal outcome, then neonatal and pediatric neurologists
and neurosurgeons should be consulted (. Most fetuses with ventriculomegaly do not have
an increased risk of macrocephaly, therefore, cesarian delivery is usually not required [521.
The parameters to be taken into account when deciding to opt for a cesarean delivery are
head circumference, size of the maternal pelvis and gestational age at delivery. For head

circumferences above 40cm cesarian section should be considered.

If worsening of hydrocephalus is documented in the last trimester of pregnancy, planned
preterm delivery by cesarean section should be considered [53l. However, it is important to
mention that the incidence of rapidly progressing ventriculomegaly is low and issues linked

with lung maturation in premature babies is more important than the hydrocephaly itself

[54],

Furthermore, detailed evaluation and genetic counseling should be given to parents of an
affected child to determine potential genetical implications. For example, couples who are
at risk for X-linked hydrocephalus spectrum should undergo a DNA diagnosis due to is
recurrence risk (50% in males) [, If the newborn had a previous diagnosis of isolated mild
ventriculomegaly and no other additional abnormalities are identified at birth, then a
thorough post-natal genetic work-up may not be indicated in most cases ['l. Parents of an
affected child are advised to perform a detailed ultrasound scan at 18 to 20 weeks of
gestation in a future pregnancy in order to search for recurrence [55. However, since in some
cases ventriculomegaly may develop just in late gestation, a normal mid-trimester

ultrasound does not rule out a potential diagnosis.
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Conclusion

Ventriculomegaly is defined as an enlargement of the fetal cerebral ventricles and is a
relatively common finding on prenatal ultrasounds. It may be isolated, meaning that the
dilation is the only abnormality detected on ultrasonography, or it may occur in the setting

of additional anomalies. The latter is usually linked to adverse outcomes.

When increase of the lateral ventricles is identified, an exhaustive evaluation is
recommended. It includes a comprehensive fetal ultrasonography, preferably performed by
an experienced doctor, an amniocentesis for karyotype, chromosomal microarray analysis,
alpha-fetoprotein and acetylcholinesterase and testing for fetal infections, ideally
performed by polymerase chain reaction on amniotic fluid. Several studies demonstrated
improvements in diagnosis when an ultrasonography and an additional fetal MRI are
performed. The latter should be considered, especially in cases of isolated ventriculomegaly
in which etiology is unknown and additional information would change counseling and

management decisions.

A follow-up ultrasound examination should be performed at 28 to 34 weeks of gestation to
assess for progression or regression of the ventricular dilation. Obstetrical management,

timing and mode of delivery should be based on standard obstetric indications.

Parental counseling is still a delicate task for the doctor, as the cause, absolute risk and
handicap degree cannot be stated with confidence. Even in cases of apparently normal
findings, parents must be informed about the possibility that some anomalies can only be
diagnosed before or right after birth. Hence, postnatal evaluation and care should be

handled by an appropriate pediatric specialist.
As the effectiveness of patient counseling is directly linked to the preciseness of the

diagnosis, current research is focusing on improving image analysis in order to rely on

prenatal data as a predictor of child conditions at birth.

18



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Bibliography

Norton Mary E, "Fetal cerebral ventriculomegaly," Wolters Kluwer, [Online].
Available: UpToDate. [Accessed 09 2020].

Salomon LJ, Bernard JP and Ville Y, "Reference ranges for fetal ventricular width: a
non-normal approach," Ultrasound Obstet Gynecol, vol. 30, pp. 61-66, 2007.

Weichert J, Hartge D, Krapp M, Germer U, Gembruch U and Axt-Fliedner R,
"Prevalence, characteristics and perinatal outcome of fetal ventriculomegaly in
29,000 pregnancies followed at a single institution," Fetal Diagn Ther, vol. 27, pp.
142-148, 2010.

Chiu TH, Haliza G, Lin YH, Hung TH, Hsu JJ, Hsieh TT and LM Lo, "A retrospective
study on the course and outcome of fetal ventriculomegaly," Taiwan J Obstet
Gynecol, vol. 53, no. 2, pp. 170-7, Jun 2014.

Guibaud L and Lacalm A, "Etiological diagnostic tools to elucidate 'isolated'
ventriculomegaly," Ultrasound Obstet Gynecol, vol. 46, no. 1, pp. 1-11, Jul 2015.

Fox NS, Monteagudo A, Kuller JA, Craigo S and Norton ME, "Mild fetal
ventriculomegaly: diagnosis, evaluation and management," Am J Obstet Gynecol, vol.
219, no. 1, pp. B2-Bog, Jul 2018.

D'Addario V, Pinto V, Di Cagno L and Pintucci A, "Sonographic diagnosis of fetal
cerebral ventriculomegaly: an update," J Mantern Fetal Neonatal Med, vol. 20, no. 1,
pp- 7-14, Jan 2007.

Melchiore K, Bhide A, Gika AD, Pilu G and Papageorghiou AT, "Counseling in isolated
mild fetal ventriculomegaly," Ultrasound Obstet Gynecol, vol. 34, no. 2, pp. 212-24,
Aug 20009.

Khasawneh AH, Garling RJ and Harris CA, "Cerebrospinal fluid circulation: what we
know and how do we know it?," Brain Circulation, vol. 4, no. 1, pp. 14-18, 2018.

[10] McKechnie L, Vasudevan C and Levene M, "Neonatal outcome of congenital

[11]

[12]

[13]

[14]

ventriculomegaly," Semin Fetal Neonatal Med, vol. 17, pp. 301-307.

American Institute of Ultrasound in Medicine, "Practice Parameter for the
Performance of Standard Diagnostic Obstetric Ultrasound Examinations.," J
Ultrasound Med, vol. 37, no. 11, pp. E13-E24, Nov 2018.

Cater SW, Boyd BK and Ghate SV, "Abnormalities of the Fetal Central Nervous
System: Prenatal US Diagnosis with Postnatal Correlation," RadioGraphics, vol. 40,
no. 5, 2020.

Falco P, Gabrielli S, Visentin A, Perolo A, Pilu G and Bovicelli L, "Transabdominal
sonography of the cavum septum pellucidum in normal fetuses in the second and
third trimesters of pregnancy.," Ultrasound Obstet Gynecol, vol. 16, pp. 549-553,
2000.

Cardoza JD, Goldstein RB and Filly RA, "Exclusion of fetal ventriculomegaly with a
single measurement: the width of the lateral ventricular atrium.," Radiology, vol. 169,

pp- 711-714, 1988.

19



[15] Cardoza JD, Filly RA and Podrasky AE, "The dangling choroid plexus: a sonographic
observation of value in excluding ventriculomegaly.," AJR Am J Roentgenol, vol. 151,
pp. 767-770, 1988.

[16] Hilpert PL, Hall BE and Kurtz AB, "The atria of the fetal lateral ventricles: a
sonographic study of normal atrial size and choroid plexus volume," AJR Am J

Roentgenol, vol. 164, pp. 731-734, 1995.

[17] Almog B, Gamzu R and Achiron R, "Fetal lateral ventricular width: what should be its
upper limit? A prospective cohort study and reanalysis of the current and previous
data.," J Ultrasound Med, vol. 22, pp. 39-43.

[18] Goynumer G, Yayla M, Arisoy R and Turkmen O, "The criterion value of fetal cerebral
lateral ventricular atrium width for diagnosis of ventriculomegaly.," Clin Exp Obstet
Gynecol, vol. 41, no. 67-71.

[19] Levine D, Feldman HA and Tannus JF, "Frequency and cause of disagreements in
diagnoses for fetuses referred for ventriculomegaly.," Radiology, vol. 247, no. 2, pp.
516-527, 2008.

[20] Pilu G, "Borderline fetal cerebral ventriculomegaly — the Twilight Zone.," Ultrasound
Obstet Gynecol, vol. 3, no. 2, pp. 85-87, March 1993.

[21] Falip C, Blanc N, Maes E, Zaccaria I, Oury JF, Sebag G and Garel C, "Postnatal clinical
and imaging follow-up of infants with prenatal isolated mild ventriculomegaly: a
series of 101 cases," Pediatric Radiology, vol. 37, no. 10, pp. 981-989, 2007.

[22] Griffiths PD, Brackley K, Bradburn M, Connolly DJA and Gawne-Cain ML,
"Anatomical subgroup analysis of the MERIDIAN cohort: ventriculomegaly,"
Ultrasound Obstet Gynecol, vol. 50, no. 6, pp. 736-744, Dec 2017.

[23] Salomon LJ, Ouahba J, Delezoide AL, Vuillard E, Oury JF, Sebag G and Garel C,
"Third-trimester fetal MRI in isolated 10- to 12-mm ventriculomegaly: is it worth it?,"
BJOG, vol. 113, no. 8, pp. 942-947, Aug 2006.

[24] Achiron R, Yagel S, Rotstein Z, Inbar O, Mashiach S and Lipitz S, "Cerebral lateral
ventricular asymmetry: is this a normal ultrasonographic finding in the fetal brain?,"
Obstet Gynecol, vol. 89, no. 2, pp. 233-237, 1997.

[25] Meyer R, Bar-Yosef O, Barzilay E, Hoddman D, Toussia-Cohen S, Zvi E, Achiron R
and Katorza E, "Neurodevelopmental outcome of fetal isolated ventricular asymmetry
without dilation: a cohort study.," Ultrasound Obstet Gynecol, vol. 52, no. 4, pp. 467-
472, 2018.

[26] Garel C, "Ventricular dilation," in MRI of the fetal brain, Berlin, Springer, 2004, pp.
201-216.

[27] Williams F and Griffiths PD, "The diagnosis of hemimegalencephaly using in utero
MRI.," Clin Radiol, vol. 69, no. 6, pp. 291-297, 2014.

[28] Garel C, "Abnormalities of proliferation, neuronal migration and cortical
organization," in MRI of the fetal brain, Berlin, Springer, 2004, pp. 159-160.

[29] Anselem O, Mezzetta L, Grange G and Zerah M, "Fetal turmors of the choroid plexus:
is differential diagnosis between papilloma and carcinoma possible?," Ultrasound
Obstet Gynecol, vol. 38, pp. 229-232, 2011.

20



[30] Pasquini L, Masini G and Gaini C, "The utility of infection screening in isolated mild
ventriculomegaly: an observational retrospective study on 141 fetuses.," Prenat
Diagn, vol. 34, pp. 1295-1300, 2014.

[31] Bonthius DJ, Qright R and Tseng B, "Congenital lymphocytic choriomeningitis virus
infection: spectrum of disease.," Ann Neurol, vol. 62, pp. 347-355, 2007.

[32] International Society of Ultrasound in Obstetrics & Gynecology Education
Committee, "Sonographic examination of the fetal central nervous system: guidelines
for performing the 'basic examination' and the 'fetal neurosonogram'," Ultrasound
Obstet Gynecol, vol. 29, no. 1, pp. 109-116, 2007.

[33] Gaglioti P, Oberto M and Todros T, "The significance of fetal ventriculomegaly:
etiology, short- and long-term outcomes," Prenatal diagnosis, vol. 29, pp. 381-388,
2009.

[34] Sethna F, Tennant PW and Rankin J, "Prevalence, natural history, and clinical
outcome of mild to moderate ventriculomegaly," Obstet Gynecol, vol. 117, pp. 867-
876, 2011.

[35] Tercanli S and Priifer F, "Fetal neurosonography: ultrasound and magnetic resonance
imaging in competition," Ultraschall Med, vol. 37, no. 6, pp. 555-557, 2016.

[36] Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Hoffman BL, Casey BM and
Sheffield JS, Williams Obstetrics 24th Edition, New York: McGraw Hill, 2014.

[37] Bradburn M, Campbell MJ and Griffiths PD, "Use of MRI in the diagnosis of fetal
brain abnormalities in utero (MERIDIAN): a multicenter, prospective cohort study.,"
Lancet, vol. 389, pp. 538-546, 2017.

[38] Paladini D, Quarantelli M and Sglavo G, "Accuracy of neurosonography and MRI in
clinical management of fetuses referred with central nervous system abnormalities,"
Ultrasound Obstet Gynecol, vol. 441, pp. 188-196, 2014.

[39] Gaglioti P, Danelon D, Bontempo S, Mombro M, Cardaropoli S and Todros T, "Fetal
cerebral ventriculomegaly: outcome in 176 cases.," Ultrasound Obstet Gynecol, vol.

25, pp- 372-377, 2005.

[40] Griffiths PD, Reeves MJ and Morris JE, "A prospective study on fetuses with isolated
ventriculomegaly investigated by antenatal sonography and in utero MR imaging,"
AJNR Am J Neuroradiol, vol. 31, pp. 106-111, 2010.

[41] Morris JE, Rickard S, Paley MN, Griffiths PD, Rigby A and Whitby EH, "The value of
in-utero magnetic resonance imaging in ultrasound diagnosed fetal isolated cerebral
ventriculomegaly," Clin Radiol, vol. 26, pp. 140-144, 2007.

[42] Benacerraf BR, Shipp TD, Bromley B and Levine D, "What does magnetic ressonance
imaging add to the prenatal sonographic diagnosis of ventriculomegaly?," J
Ultrasound Med, vol. 26, pp. 1513-1522, 2007.

[43] Thierry AGM and Huisman MD, "Fetal Magnetic Resonance Imaging of the Brain: is
ventriculomegaly the tip of the syndromal iceberg?," Semin Ultrasound CT MR, vol.
32, pp- 491-509, Dec 2011.

[44] Guibauld L, "Contribution of fetal cerebral MRI for diagnosis of structural
anomalies," Prenta Diagn, vol. 29, pp. 420-433, 2009.

21



[45] Etchegaray A, Juarez-Penalva S, Petracchi F and Igarzabal L, "Prenatal genetic
considerations in congenital ventriculomegaly and hydrocephalus," Childs Nerv Syst,
vol. 36, no. 8, pp. 1645-1660, 2020.

[46] Finck U, Schroder J and Ressler B, "Spectrum and detection rate of LICAM mutations
in isolateed and familial cases with clinically suspected Li-disease," Am J Med Genet,
vol. 92, pp. 40-46, 2000.

[47] Schrander-Stumpel C and Fryns JP, "Congenital hydrocephalus: nosology and
guidelines for clinical approach and genetic counselling," Eur J Pediatr, vol. 157, pp.

355-362, 1998.

[48] Pagani G, Thilaganathan B and Prefumo F, "Neurodevelopmental outcome in isolated
mild fetal ventriculomegaly: systematic review and meta-analysis," Ultrasound
Obstet Gynecol, vol. 44, pp. 254-260, 2014.

[49] Bar-Yosef O, Barzilay E and Dorembus S, "Neurodevelopmental outcome of isolated
ventriculomegaly: a prospective cohort study," Prental Diagn, vol. 37, pp. 764-768,
2017.

[50] Gomez-Arriaga P, Herraiz I, Puente JM, Zamora-Crespo B, Nunez-Enamorado N and
Galindo A, "Mid-term neurodevelopmental outcome in isolated mild
ventriculomegaly diagnosed in fetal life," Fetal Diagn Ther, vol. 31, pp. 12-18, 2012.

[51] Dinsmoor MJ, Parilla BV, Endres LK and Curran L, "In utero progression of mild fetal
ventriculomegaly," vol. 93, pp. 106-109, 2006.

[52] Levene MI and Chervenak FA, "Neosurgical management of hydrochephalus," in
Fetal and Neonatal Neurology and Surgery, London, Churchill Livingstone, 2011,

pp. 753-761.

[53] Bruner JP, Davis G and Tulipan N, "Intrauterine Shunt for Obstructive
Hydrocephalus - Still Not Ready," Fetal Diagnoosis and Therapy, vol. 21, pp. 532-
539, 2006.

[54] Parilla BV, Endres LK, Dinsmoor MJ and Curran L, "In utero progression of mild fetal
ventriculomegaly," Int J Gynaecol Obstet, vol. 93, pp. 106-109, 2006.

[55] Varadi V, Toth Z, Torok O and Papp Z, "Heterogeneity and recurrence risk for
congenital hydrocephalus (ventriculomegaly): a prospective study," Am J Med Genet,
vol. 29, pp. 305-310, 1988.

22



