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Abstract

Recent developments in prenatal ultrasonogra-
phy and MRI neuroimaging techniques have
enabled more frequent diagnoses of congenital
anomalies of the central nervous system in the
prenatal period. The frequency of prenatal
hydrocephalus is reportedly 0.2-0.8/1000
births. However, the diagnosis of prenatal
hydrocephalus always involves some uncer-
tainty since the fetus is in utero. Differentiation
from fetal ventriculomegaly, the frequency of
which is 0.5-3.8/1000 births, is indispensable
but not straightforward in some cases. Prenatal
hydrocephalus is highly suspected if the
ventriculomegaly is progressive. Such cases
of progressive ventriculomegaly occur at a
rate of 10-20%, while the frequency of fetal
ventriculomegaly remains stable at 50-60%,
with spontaneous resolution observed in
about 30-50% of cases.

The prognosis of both prenatal hydroceph-
alus and fetal ventriculomegaly is multifacto-
rial. The size of the ventriculomegaly and
pathogenesis and the time at onset may influ-
ence outcomes. The survival rate of overall
fetal ventriculomegaly is reportedly 40-50%,
with some cases being terminated at the request
of the parents when the diagnosis is made in the
early fetal period. The peri- and postnatal mor-
tality rates reach 10-20%. The developmental
outcomes of fetal ventriculomegaly vary
depending on the degree of ventriculomegaly
and the presence of associated abnormalities
within and without the central nervous system.
Normal development is reportedly seen in
80-90% of cases of isolated mild ventricu-
lomegaly. Even in postnatally treated prenatal
hydrocephalus, normal development is expected
in about 20% of cases. A poor outcome seems
unavoidable in the majority of genetic, post-
infectious, and syndromic hydrocephalus.

Information obtained from prenatal exami-
nations is limited, and at present no standard-
ized prenatal treatment exists. Neurosurgical
intervention is an option postnatally, with the
procedure being selected on the basis of the
clinical condition of the baby.
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Parents should receive prenatal counseling
at every stage of the examination and diagno-
sis. Since the exact diagnosis and prognosis are
difficult to establish prenatally, it would be
appropriate to take a narrative approach to
counseling the parents.
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Introduction

With the evolution of modern diagnostic technol-
ogies, more cases of congenital central nervous
system (CNS) anomalies have come to be diag-
nosed prenatally. Recent developments in ultraso-
nography, especially the introduction of high-
quality transvaginal and 3D ultrasound, together
with the use of fetal MRI, have enabled detailed
visualization of early fetal morphology (Pooh
2009). Hydrocephaly is among those congenital
CNS anomalies which have benefited greatly
from these technological advances and are now
often diagnosed prenatally using ultrasound.

The etiology of 55% of infantile hydrocephaly
cases is reportedly prenatal, and the prevalence of
pre- or perinatally diagnosed hydrocephalus
was found to be 0.82 per 1000 live births or 0.49
births for infantile hydrocephaly and 0.33 births
for myelomeningocele (Persson et al. 2005). The
data seem compatible with those of another study,
which cited the incidence of primary congenital
hydrocephaly (excluding secondary hydroceph-
aly and association with myelomeningocele) as
0.2—0.8 per 1000 births (Chi et al. 2005).

Fetal hydrocephaly is generally rare but one of
the most commonly encountered fetal CNS anom-
alies. It should be remembered, however, that
morphological abnormalities do not necessarily
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correspond with functional outcomes. This is par-
ticularly the case in fetal hydrocephaly, which is
characterized by ventriculomegaly. Hydrocephaly
results from progressive, abnormal accumulation
of cerebrospinal fluid (CSF) in the ventricles and
has a number of possible etiologies. Ventricu-
lomegaly, on the other hand, is a condition char-
acterized simply by enlarged ventricles (Rekate
2011). Hydrocephaly is almost always accompa-
nied by ventriculomegaly and requires surgical
treatment, but ventriculomegaly does not neces-
sarily involve the presence of hydrocephaly. Thus,
prenatal counseling for parents facing the prospect
of a child with fetal hydrocephaly differs mark-
edly from that for parents expecting a child with
fetal ventriculomegaly. The problem is that the
differentiation is not straightforward despite
recent technological improvements in diagnostic
imaging (Garel et al. 2003).

Another problem surrounding fetal hydro-
cephaly is that even though it can be diagnosed
early, fetal management options are quite lim-
ited; no practical treatment method exists, and
the only recourse is often just observation. Fetal
surgery for prenatally diagnosed hydrocephaly is
not considered to be very effective, although
controversy on this question remains (Birnholz
and Frigoletto 1981; Clewell et al. 1981,
Manning et al. 1986; Frigoletto et al. 1992; von
Koch et al. 2003; Cavalheiro et al. 2011). Mean-
ingful management of hydrocephaly becomes
possible only postnatally. The time lag between
the diagnosis and start of treatment makes pre-
natal counseling for parents indispensable but
difficult.

This paper begins by defining and classifying
fetal hydrocephaly before proceeding to a discus-
sion of diagnosis, differences from simple
ventriculomegaly, currently available postnatal
treatment algorithms, and surgical options.
Finally, principles for prenatal counseling for par-
ents expecting a fetal hydrocephalic child are
discussed. It should be noted that there is a wide
variation in the reported incidence of any aspect of
fetal hydrocephaly and fetal ventriculomegaly due
to the limited number of cases and selection bias
inherent in this type of hydrocephaly.
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Definition and Classification of Fetal
Hydrocephaly

Fetal hydrocephaly is defined as any hydroceph-
aly diagnosed prenatally. Most cases consist of
primary hydrocephaly including genetic hydro-
cephaly, holoprosencephaly, Dandy-Walker
syndrome, aqueduct stenosis, hydrocephaly asso-
ciated with myelomeningocele, and so on. Less
frequently, secondary hydrocephaly caused by
fetal intraventricular hemorrhaging, CNS infec-
tion, or intrauterine trauma diagnosed during
pregnancy may also be included (Morota and
Yamasaki 2014; Yamasaki 2010) (Fig. 1).

Fetal and congenital hydrocephaly are often
mistaken for one another. Congenital hydroceph-
aly encompasses diverse pathologies including
any prenatally diagnosed hydrocephaly (fetal
hydrocephaly) and postnatally diagnosed primary
hydrocephaly, i.e., all fetal hydrocephaly as well
as postnatally diagnosed primary hydrocephaly.
Secondary hydrocephaly, diagnosed postnatally
and sometimes referred to as acquired hydroceph-
aly, includes post-hemorrhagic, post-infectious, or
meningitis-related hydrocephaly among others
(Yamasaki 2010) (Fig. 1). Hereafter, the term
“prenatal hydrocephaly” will be used instead of
“fetal hydrocephaly” to differentiate fetal from
congenital hydrocephaly (Fig. 1).

Diagnosis of Prenatal Hydrocephalus

The pathology of hydrocephaly is deceptively
simple in that, while the pathomechanism is tied
directly to ventriculomegaly, the latter condition
itself is attributable to various etiologies. Some
define hydrocephaly as “an increase in the fluid-
containing spaces of the brain at increased pres-
sure, resulting from an imbalance between CSF
production and absorption or flow” (Abou-
Hamden and Drake 2015). While this is undeni-
ably true, it passes over crucial, etiological con-
siderations. This picture is further complicated by
the need to distinguish prenatal hydrocephaly
from fetal ventriculomegaly since the postnatal
management and neurodevelopmental outcomes
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Fig. 1 Classification of perinatal hydrocephalus. All
hydrocephaly cases diagnosed prenatally are classified as
prenatal hydrocephaly. Congenital hydrocephaly includes
all hydrocephaly cases diagnosed prenatally (prenatal

differ widely. However, the differentiation in
some case is not straightforward, as will be
discussed.

In Utero Diagnosis of Prenatal
Hydrocephalus

The diagnosis of prenatal hydrocephaly is based
on ventriculomegaly visualized in fetal neuroim-
aging. Atrial width (AW), defined as the trans-
verse diameter of the lateral ventricular atrium at
the level of the glomus of choroid plexus, is used
to diagnose fetal ventriculomegaly (Cardoza et al.
1988; Pillu et al. 1989). AW normally stabilizes
after the second trimester when the upper limit
of normal AW measures 10 mm (Cardoza et al.
1988; Rosseau et al. 1992). An AW of 10-12 mm
is regarded as borderline, and a width above
12 mm is diagnosed as ventriculomegaly. Grading
of ventriculomegaly has not been standardized
and varies according to the source of information
so that an AW of 10-12 mm is sometimes
described as “mild,” 12—-15 mm as “moderate,”
and above 15 mm as “severe” ventriculomegaly
(Gaglioti et al. 2005; Madazil et al. 2011). At
present most sources agree that an AW greater
than 15 mm constitutes severe and an AW
between 10 and 15 mm as mild ventriculomegaly
(Garel et al. 2003; D’Addario and Rossi 2012)
(Fig. 2). The accuracy of the ventricular measure-
ments obtained by fetal brain ultrasonography and

hydrocephalus hydrocephalus

hydrocephalus). Primary hydrocephaly, on the other
hand, is diagnosed postnatally. Congenital hydrocephaly
therefore consists of all cases of prenatal hydrocephaly and
postnatally diagnosed primary hydrocephaly

<> Atrial width (AW)

AW < 10 mm: normal normal
10 mm < AW <12 mm: borderline mild
12 mm < AW < 15 mm: mild (moderate)
15 mm < AW severe severe

Grading of ventriculomegaly

Fig. 2 Definition of fetal ventriculomegaly: AW. Atrial
width (AW), defined as the transverse diameter of the
lateral ventricular atrium at the level of the glomus of
choroid plexus, is used for the diagnosis of fetal ventricu-
lomegaly. An AW of less than 10 mm is regarded as
normal. The degree of ventriculomegaly is assessed on
the basis of AW

MRI are reportedly the same regardless of the size
of the ventricle (Perlman et al. 2014).

The frequency of ventriculomegaly is report-
edly 0.5-3.8 per 1000 births while that of isolated
ventriculomegaly, which has no association with
any other CNS anomalies, is reportedly 0.4—0.9
per 1000 births (Bannister et al. 2000; Weichert
et al. 2010; Sethna et al. 2011). The degree and
type of fetal ventriculomegaly differ according to
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the case series reported. Mild to moderate cases
reportedly comprise about 40% of the total. On
the other hand, severe ventriculomegaly has the
same frequency range but accounts for about 60%
of cases (Gaglioti et al. 2005; Jod et al. 2008;
Madazil et al. 2011). Isolated fetal ventricu-
lomegaly comprises about 40% of all cases of
fetal ventriculomegaly. The remaining 60% are
associated with structural abnormalities in the
CNS and are often called non-isolated ventricu-
lomegaly (Gaglioti et al. 2005; Nomura et al.
2010; Weichert et al. 2010; Yamasaki et al.
2012). Interestingly, the degree of ventricu-
lomegaly correlates with the frequency of isolated
ventriculomegaly in inverse proportion to some
extent. Gaglioti et al. reported that isolated
ventriculomegaly occurred in about 60% of mild
cases, 24% of moderate cases, and 40% of severe
cases of ventriculomegaly (Gaglioti et al. 2005).
Weichert et al. reported that mild ventricu-
lomegaly accounted for some 40% of their
47 cases of isolated ventriculomegaly and 52%
of 62 cases of non-isolated ventriculomegaly
(Weichert et al. 2010).

Natural Course of Fetal
Ventriculomegaly

The course and prognosis of fetal ventricu-
lomegaly are poorly understood, and ventricu-
lomegaly itself seems to change during the
pregnancy (Fig. 3). Kelly et al. analyzed the

579

clinical course of 295 cases of isolated fetal
ventriculomegaly and reported that 29%
showed spontaneous resolution, while 14% pro-
gressed during pregnancy and the remaining
57% remained stable (Kelly et al. 2001). Chro-
nological changes in fetal ventriculomegaly
have also been reported in another paper with
similar results in terms of a higher rate of spon-
taneous resolution in over 50% of isolated mild
ventriculomegaly cases (Vergani et al. 1998;
Breeze et al. 2005; Tugcu et al. 2014). Interest-
ingly, Chiu et al. defined an AW of 7 to
<10 mm as the “gray zone” and found that
2.8% of these cases progressed to ventricu-
lomegaly (>10 mm) during pregnancy (Chiu
et al. 2014). These data imply that fetal
ventriculomegaly is rare but not unusual and
that the degree of ventriculomegaly is not
fixed but can vary during the course of the
pregnancy. Repeated neuroimaging via ultra-
sound or MRI is required to clarify the progno-
sis of fetal ventriculomegaly. Again, it should
be borne in mind that fetal ventriculomegaly
does not necessarily refer to prenatal
hydrocephaly.

The diagnosis of postnatal hydrocephaly is
based on the clinical findings of progressive
ventriculomegaly, increased head size, and
tense major fontanelle (increased intracranial
pressure). On the other hand, ventriculomegaly
develops as a result of atrophic change or brain
volume loss caused by a variety of pathologies
like cortical malformation, metabolic disease,

4—{ Fetal ventriculomegaly ‘

Fetal ventriculomegaly (persistent) ‘

Fig. 3 Relationship between prenatal hydrocephaly and
fetal ventriculomegaly. Prenatal hydrocephaly cases com-
prise a small part of fetal ventriculomegaly cases diagnosed

at the initial screening. Fetal ventriculomegaly may change
during the clinical course, with 30-50% of cases resolving
spontaneously
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use of steroids, and the influence of CNS infec-
tious diseases like meningitis or encephalitis.
Wang et al. described the features of fetal
ventriculomegaly as (1) a disturbance of CSF
dynamics (true hydrocephalus), (2) brain vol-
ume loss (destruction of brain tissue by patho-
logic conditions during the fetal period), and
(3) an abnormal dilatation of ventricles (due
to neural cell migration disorders and other
developmental anomalies) (Wang et al. 2011).
Wang’s description implies that ventricu-
lomegaly is a “necessary” condition, but not a
“sufficient” one for the diagnosis of hydroceph-
aly, a critical point in the diagnosis of prenatal
hydrocephaly.

The judgment of whether an infant is hydroce-
phalic or simply ventriculomegalic is difficult but
unavoidable since the diagnosis determines the
obstetric and neurosurgical management, as well
as the counseling given to the parents. Compre-
hensive, careful evaluation including a series of
fetal neuroimaging at different intervals during
the pregnancy is required to establish the diagno-
sis of prenatal hydrocephaly.

Associated severe anomalies

N. Morota

Postnatal Management and Treatment

Hydrocephaly is first suspected when fetal neuro-
imaging, usually carried out by ultrasound,
reveals ventriculomegaly. Distinguishing hydro-
cephaly from ventriculomegaly is difficult, as
mentioned previously. Once ventriculomegaly is
confirmed, however, the possibility of hydroceph-
aly needs to be considered even after birth until it
can be definitely ruled out.

As yet there exists no global consensus about
how to manage prenatal hydrocephaly. Part of
the reason for this lack of consensus may very
well be traced to social, rather than medical rea-
sons such as religious backgrounds, insurance
coverage, economic status of the family, and
the availability of social support, all of which
affect the management of prenatal hydrocephaly.
In view of these considerations, the most that can
be done by physicians is to seek the best solution
compatible to the given social and medical cir-
cumstances such as the algorithm for prenatal
hydrocephaly management shown in Fig. 4
(Cavalheiro et al. 2003).

Intraueterin infection

<_| aminiocentesis |_>| No associated anomalies |

Genetic/chromosomal abnormalities

i [

™ | Progres'sive |

v

Legal termination, if indicated
when parents want.

Fig. 4 Management algorithm for prenatal hydrocephaly.
Prenatal hydrocephaly is first suspected when fetal
ventriculomegaly is diagnosed and may be strongly
suspected if the ventriculomegaly is progressive. However,

sy

| Not progressive |

v v

C/S at 32-36 weeks’ gestation
Postnatal treatment

1

Observation

the options for prenatal treatment are very limited. Fetal
surgery for prenatal hydrocephaly still remains
controversial
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Fetal Surgery for Hydrocephalus

During the 1980s, fetal treatment of hydrocephaly
was tested with the hope that early treatment
would lead to better outcomes (Birnholz and
Frigoletto 1981). It soon became apparent that
intrauterine surgery fell short of expectations
when the early surgical outcomes revealed a rela-
tively high rate of peri- and postoperative fetal
death, high rate of neurodevelopmental disability,
and few cases of normal development among the
survivors (Michejda et al. 1986; Manning et al.
1986). The impact of these discouraging out-
comes in the early trials of fetal surgery was so
serious that almost no further attempts were made
since then. Currently, the focus of prenatal hydro-
cephaly management has shifted to postnatal
treatment. Although some hospitals still attempt
fetal treatment in accordance with strict surgical
criteria (Cavalheiro et al. 2003, 2011), early diag-
nosis followed by early delivery after pulmonary
maturation and early surgical intervention after a
definite diagnosis of hydrocephaly are regarded as
guiding principles in the management of prenatal
hydrocephaly.

Timing of Delivery

The maturation of the pulmonary system and the
progression of ventriculomegaly must be weighed
when deciding upon the optima timing for
delivery. In general, the progression of ventricu-
lomegaly in utero is not common. If ventricu-
lomegaly is stable, delivery at full term is
preferable (Jod et al. 2008). If ventriculomegaly
progresses and hydrocephaly is highly suspected,
earlier delivery should be considered. Since the
fetal pulmonary system matures by 36 weeks’
gestation, delivery should be planned after the
36th week (Yamasaki et al. 2012). There is no
evidence that delivery by Cesarean section is
safer than vaginal delivery for prenatally diag-
nosed hydrocephaly (Luthy et al. 1991). How-
ever, if the enlarged fetal head cannot be
accommodated by the mother’s pelvis, Cesarean
section should be considered based on obstetric
indications.

581

Timing of Surgery and Surgical
Procedures

Several days to months may pass before suspected
prenatal hydrocephalus becomes clinically
apparent postnatally. A tense major fontanelle,
increased head circumference, and progression
of ventriculomegaly strongly support the diagno-
sis of hydrocephaly.

Body weight (BW) and maturation of the pul-
monary system need to be considered when
selecting the initial surgical intervention for
prenatal hydrocephaly (Moritake et al. 2007a).
When the pulmonary function is immature, less
invasive treatment is preferred before recourse is
made to the VP shunt. A treatment algorithm
recommended in Japan for newborn hydroce-
phalic infants is shown in Fig. 5 (Morota and
Yamasaki 2014). When the BW is under 1000 g,
a ventriculo-subgaleal shunt and/or placement of
a CSF reservoir is recommended (Nagy et al.
2013; Wang et al. 2014).

When the BW falls between1000 and 2000 g,
placement of a CSF reservoir is recommended
(Gaskill et al. 1988; Hudgins et al. 1998). After
the CSF reservoir is placed, it is punctured by a
27-gauge needle under sterile conditions. The
CSF is then aspirated periodically when the
major fontanelle becomes tense. Alternative man-
agement of prenatal hydrocephaly in low-birth-
weight infants consists of external ventricular
drainage using an intravenous catheter or a
peripheral inserted central venous catheter
(Marro et al. 1991; Sakuma et al. 2006). The latter
procedures have the advantage of enabling bed-
side insertion of a catheter and avoiding repeated
puncturing of the CSF reservoir but may present a
higher risk for infection in the long term.

The amount of CSF to be aspirated from the
reservoir is determined based on the tension in the
major fontanelle. Usually aspiration of 10-30 ml
of CSF is sufficient for decompression. When the
amount of the aspirated CSF has reached more
than 40 ml or aspiration is required several times
daily, recourse may be had to the next step in
treatment.

If the BW exceeds 2000 g and attending neu-
rosurgeons have sufficient skill to perform the
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| BW<2000g |

| 2000g<BW<2500g | [25009<BW

v

\4

VS shunt

CSF reservoir

K = ————

v

VP shunt (Endoscopic surgery, if indicated)

BW: body weight

VP shunt: ventriculo-peritoneal shunt
VS shunt: ventriculo-subgaleal shunt

Fig. 5 Postnatal treatment algorithm for prenatal hydro-
cephaly. Postnatal treatment of children with prenatally
diagnosed hydrocephalus is based on clinical conditions
and infant body weight. A VP shunt may be placed safely if
the body weight (BW) is 2500 g or greater. An experienced

procedure, a ventriculo-peritoneal (VP) shunt
may be placed. In general, if the BW exceeds
2500 g, a VP shunt can be safely installed as an
initial treatment for hydrocephaly. The type of
shunt valve/system recommended for a VP shunt
in prenatal hydrocephalics has been controversial
for several decades. The programmable shunt
valve system failed to demonstrate superiority
over the traditional pressure-dependent valve sys-
tem (Notarianni et al. 2009; Hatlen et al. 2012). A
nationwide survey in Japan found that a
low-pressure valve system was most commonly
used for the initial shunting in congenital hydro-
cephaly treatment (Moritake et al. 2007a). The
optimal length for a peritoneal catheter for inser-
tion in the abdominal cavity also remains contro-
versial. The author prefers using a programmable
shunt valve with an antisiphon device and
inserting a peritoneal catheter about 45 c¢cm in
length into the abdominal cavity. This procedure
allows no shunt revision for the extension of the
peritoneal catheter even after a child grows older,
unless the peritoneal catheter itself is occluded.
Other CSF diversion procedures can be applied
when the abdominal cavity is judged unsuitable
for CSF drainage.

Neuroendoscopic surgery may be indicated if
any obstructive pathology in and around the

pediatric neurosurgeon can readily place a VP shunt in a
baby with a BW between 2000 and 2500 g. A ventriculo-
subgaleal shunt is a surgical option when the BW is less
than 1000 g, and placement of a CSF reservoir is preferred
when the BW is between 1000 and 2000 g

ventricle is encountered. A cystic lesion causing
obstructive hydrocephaly would be the best indi-
cation for endoscopic fenestration for fetal
hydrocephaly. It has been commonly remarked
that endoscopic third ventriculostomy (ETV) in
the neonatal period poses a higher risk of failure
than when performed in infants more than
6 months old (Cinalli et al. 1999; Ogiwara et al.
2010). Choroid plexus coagulation (CPC), once
a major surgical procedure for hydrocephaly in
the early twentieth century, has been reevaluated
as a possible option for endoscopic management
of hydrocephaly (Pople and Ettles 1995; Warf
2005). CPC may be indicated as a solo procedure
for extreme hydrocephaly and hydranencephaly
(Morota and Fujiyama 2004; Shitsama et al.
2014) or may be deployed in combination with
ETV (Warf2005; Kulkarni et al. 2014; Stone and
Warf 2014; Bankole et al. 2015). Slow, progres-
sive, and severe forms of hydrocephaly can be
stabilized by solo CPC in about 30-40% of cases
regardless of the pathology (Pople and Ettles
1995, Morota and Fujiyama 2004, Shitsama
et al. 2014). The success rate of ETV + CPC
varies from 40% to 80% based on the back-
ground pathologies. Post-infectious hydroceph-
aly usually showed poor outcomes (Warf 2005;
Kulkarni et al. 2014; Stone and Warf 2014;
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Bankole et al. 2015). It should be remembered
that ETV + CPC always produced a better suc-
cess rate than ETV alone, but age nonetheless
influences the outcome (Warf 2005; Kulkarni
et al. 2014; Stone and Warf 2014; Bankole
et al. 2015).

Prognosis of Prenatally Diagnosed
Hydrocephalus

Fetal hydrocephaly is the natural outcome of fetal
ventriculomegaly when the latter is left untreated.
Despite the aforementioned confusion in terms
and concepts, the two conditions should be con-
sidered distinct clinical entities. Hence the prog-
nosis of fetal ventriculomegaly needs to be more
closely examined. It should be remembered that
the overall mortality rate for fetal ventricu-
lomegaly is generally high at 37-51% according
to recent reports (Gaglioti et al. 2005; Madazil
et al. 2011). In addition, there is a surprising
paucity of long-term follow-up data for prenatal
hydrocephaly. In most reports, prenatal hydro-
cephaly is included in the category of congenital
hydrocephaly together with postnatally diagnosed
primary hydrocephaly (Moritake et al. 2007a).
Strikingly, almost no studies which discussed
fetal ventriculomegaly mentioned the number of
cases treated neurosurgically after birth. This lack
of basic data required to bridge obstetrical and
neurosurgical management must be resolved in
the future.

Factors influencing the prognosis of prenatally
diagnosed hydrocephaly are multifactorial. A pos-
itive association between developmental delay
and degree of ventriculomegaly has been widely
recognized, and the presence of additional anom-
alies, whether CNS or non-CNS, is regarded as
predictors of poor prognosis (Gaglioti et al. 2005;
Madazil et al. 2011). Prenatal hydrocephaly is
commonly associated with other CNS abnormal-
ities. A nationwide survey of congenital hydro-
cephaly in Japan demonstrated that simple
hydrocephaly constitutes less than 20% of all
prenatal hydrocephaly cases (Moritake et al.
2007b).
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Termination of Pregnancy

Termination of pregnancy arises as a possibility
when fetal ventriculomegaly is diagnosed. Ethi-
cal, religious, cultural, legal, social, medical (ges-
tational age at diagnosis), and various other
factors influence the parents’ decision with regard
to abortion, a fact reflected in the large variations
in abortion reported by previous studies. When
the ventriculomegaly is judged to be severe, the
rate of abortion reaches 50-100% (Breeze et al.
2007; Jo6 et al. 2008; Chiu et al. 2014). Up to 40%
of even mild cases with an AW of less than 15 mm
were aborted according to one report (Jod et al.
2008). Cases of fetal ventriculomegaly with asso-
ciated abnormalities were apparently terminated
more often than cases with no associated abnor-
malities. Weichert reported an overall abortion
rate of 31%, with an abortion rate of 21% (10 of
47 cases) for isolated ventriculomegaly and 39%
(24 of 62 cases) for non-isolated ventricu-
lomegaly. Others reported overall abortion rates
ranging from 17% to 29% (Tugcu et al. 2014;
Yamasaki et al. 2012; Chiu et al. 2014). These
data generally suggest that cases of severe and/or
non-isolated fetal ventriculomegaly tend to be
terminated before birth.

Mortality Rate

The severity of ventriculomegaly and the associ-
ated abnormalities must also be weighed when
determining prognosis even after birth. Isolated
mild ventriculomegaly usually has the best prog-
nosis with nearly no peri- or postnatal mortality
(Breeze et al. 2005; Madazil et al. 2011). The
mortality rate of fetuses with associated abnor-
malities is higher than those with isolated
ventriculomegaly (Gaglioti et al. 2005; Breeze
et al. 2007). Madazil et al. reported that in the
absence of associated abnormalities and chromo-
somal aberrations, mild ventriculomegaly (the
AW 10-12 mm) demonstrated a favorable out-
come close to the norm for the general population
(Madazil et al. 2011). Renier et al. reported a
survival rate of 62% at 10 years for prenatal
hydrocephaly (Renier et al. 1988). The overall
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death rate for fetal ventriculomegaly in the peri-
and postnatal periods was reportedly 10-20%
with one study reporting a rate as high as 52%
(Tugcu et al. 2014; Yamasaki et al. 2012; Gaglioti
et al. 2005; Madazil et al. 2011). The mortality
rate for prenatal hydrocephaly surpasses the over-
all mortality rate for congenital hydrocephaly at
0.71 per 100 person-years (Chi et al. 2005).

Developmental Outcome

The degree of ventriculomegaly and associated
abnormalities also influence the developmental
outcome. Breeze et al. reported that 4 out of
21 isolated mild fetal ventriculomegaly cases
showed delayed development while 7 out of 8 sur-
vivors of severe ventriculomegaly demonstrated
delayed development (Breeze et al. 2005, 2007).
Gaglioti et al. reported 5 cases of normal devel-
opment in 8 survivors among 60 severe ventricu-
lomegaly cases and 40 instances of normal
development in 43 survivors from a total of
75 mild ventriculomegaly cases. With respect to
associated abnormalities, the rate of normal devel-
opment ranged from 35 to 58% for isolated
ventriculomegaly and 8-9% for non-isolated
ventriculomegaly (Madazil et al. 2011; Weichert
et al. 2010). Overall developmental outcomes for
isolated fetal ventriculomegaly were systemati-
cally reviewed by Laskin et al. with favorable
outcomes seen in 85% of cases (Laskin et al.
2005). Furthermore, more than 92% of isolated
mild ventriculomegaly cases showed normal
development, close to the norm for the general
population (Pagani et al. 2014). When ventricu-
lomegaly improves during intrauterine follow-up,
a normal outcome is reportedly more likely than
when it remains unchanged (Gaglioti et al. 2005).
Nonetheless, the optimistic view of developmen-
tal outcomes in mild isolated ventriculomegaly
remains somewhat controversial. Kutuk et al. con-
firmed a mild degree of developmental delay in
9 out of 25 children (36%) for this population in
the follow-up period of 24-74 months (Kutuk
et al. 2013). A review of reports on isolated mild
ventriculomegaly covering the last two decades
showed a 10-20% rate for overall abnormal
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outcomes (range 0-57%) for cases of fetal
ventriculomegaly (Melchiorre et al. 2009). It
should be remembered that false-negative results
for tests for associated abnormalities do occur. In
one review, the false-negative rate was reportedly
12.8% (range, 0—50%) (Melchiorre et al. 2009).

The long-term outcomes among survivors in a
series of fetal hydrocephaly cases consisted of a
good outcome in 23%, and mild retardation in
26%, of cases (Yamasaki et al. 2012). Similar
results were also reported from Paris with normal
IQ (>80) in 28% and mild developmental delay
(60 < 1IQ < 80) in 21% of pediatric survivors of
prenatal hydrocephaly (Renier et al. 1988). On the
other hand, Futagi et al. analyzed neurodeve-
lopmental outcomes of postnatally treated fetal
hydrocephaly with various concomitant patholo-
gies and found that more than 20% of the children
reached a normal 1Q level (Futagi et al. 2002).
Although severe ventriculomegaly is thought to
have the worst prognosis, there are still a very
small number of children (less than 10%) who
mature without any severe deficits in the absence
of associated abnormalities (Madazil et al. 2011;
Gaglioti et al. 2005; Weichert et al. 2010). It
should also be reminded that even isolated,
nonprogressive, and mild borderline ventricu-
lomegaly can carry the risk of delayed develop-
ment (Kutuk et al. 2013; Chiu et al. 2014).

Factors Influencing the Prognosis

The prognosis of prenatal hydrocephalus is mul-
tifactorial, as mentioned above. The short- and
long-term outcomes are probably influenced by
the basic pathologies which gave rise to the
hydrocephaly, as well as by any associated abnor-
malities including chromosomal and genetic aber-
rations. In general, the presence of chromosomal
abnormalities and the severity of associated
pathologies significantly influence mortality and
developmental outcome.

Three major factors seem to play a critical role
in the prognosis of prenatal hydrocephaly. First,
the degree of ventriculomegaly and its progres-
sion can suggest the likely outcome of prenatal
hydrocephalus.  Spontaneous resolution or
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Degree of ventriculomegaly / progression

Pathogenesis

Isolated or associated abnormalities
Infectious background (TORCH)
Chromosomal / genetic abnormality

Fig. 6 Factors influencing prognosis of prenatal hydro-
cephaly and fetal ventriculomegaly. The prognosis of pre-
natal hydrocephaly and fetal ventriculomegaly is

regression of ventriculomegaly may indicate a
good developmental outcome. One review
reported a positive outcome in 44% of progressive
fetal ventriculomegaly cases and only 7% of non-
progressive cases (Melchiorre et al. 2009).
Second, the pathogenesis of hydrocephaly can
provide clues to the outcome. Any prenatal hydro-
cephaly case resulting from infection, such as
TORCH (toxoplasma, rubella, cytomegalovirus,
and helps), generally has a poor developmental
outcome (Melchiorre et al. 2009). Idiopathic and
isolated hydrocephaly has a more favorable
outcome after postnatal treatment compared
with syndromic hydrocephaly associated with
Dandy-Walker syndrome, encephalocele,
holoprosencephaly, or hydranencephaly. A nor-
mal or near-normal developmental outcome can
be expected in more than 50% of hydrocephaly
cases associated with myelomeningocele
(Moritake et al. 2007a, 2007b). However, even
simple hydrocephaly cases without intracranial
abnormalities do not necessarily have a positive
outcome. It is widely known that X-linked hydro-
cephalus and other types of L1 syndrome whose
neuroimaging findings resemble those of aque-
duct stenosis often fail to show any functional
improvements despite placement of a VP shunt
and remains severely disabled (Yamasaki et al.
1997, 2011). The presence of chromosomal or
genetic abnormalities strongly correlates with a
poor outcome. In a review of isolated mild
ventriculomegaly cases, the frequency of

Time at onset

Neural cell migration
Vascular structure
Myelination

multifactorial. The degree of ventriculomegaly and its pro-
gression in utero, pathogenesis, and the timing of the onset
must be all be considered as influencing the prognosis

chromosomal abnormalities, mainly trisomy
21, was reported at 2.8% (ranged from 0% to
28.6%) (Melchiorre et al. 2009).

Finally, time at onset of hydrocephaly influ-
ences the functional as well as morphological
development of the brain. Early onset of hydro-
cephaly can disturb neural cell migration, forma-
tion of vascular structures, and the progress of
myelination. All of these negative episodes result
in neurological deficits and delayed postnatal
development (Oi 2004). Correlating these factors
three-dimensionally may help produce a more
precise estimate of the prognosis of prenatal
hydrocephaly (Fig. 6).

Representative Cases

Case 1: Mild isolated ventriculomegaly — obser-
vation (Fig. 7).

Routine ultrasonography demonstrated severe
ventriculomegaly at 31 weeks’ gestation, and the
mother was referred to a maternal medical center
where MRI was done at 32 weeks’ gestation. The
AW was more than 15 mm, suggesting severe
ventriculomegaly with a mass in the right frontal
horn. The MRI finding of the mass was compati-
ble with hemorrhaging, and intrauterine post-
hemorrhagic hydrocephaly was suspected. No
abnormalities of any kind were found.
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Fig. 7 A case of mild
isolated ventriculomegaly.
A fetal MRI taken at

32 weeks’ gestation
revealed a heterogeneous
intraventricular mass with
moderate ventriculomegaly.
The mass presented slightly
high-signal intensity on
T1-weighted imaging,
suggesting intraventricular
hemorrhage. A follow-up
MRI taken at 34 weeks’
gestation showed some
shrinkage of
ventriculomegaly. A
postnatal MRI taken 1 week
after the birth showed an
intraventricular hematoma
attached to the choroid
plexus as well as a further
decrease in the size of the
ventriculomegaly. An MRI
taken at 2.5 months old
showed a stable but mildly
enlarged ventricular size.
The baby continued to be
observed without surgery.
At the age of 3 years, the
patient suffered mild
delayed development,
epilepsy, and bilateral
cortical blindness, the
combined effect of which
was to greatly delay the
patient’s course of

GA 34 weeks

development
1 week after birth 2.5 m.o.
The parents were informed of the following: given an uncomplicated course of postnatal
treatment.

1. Possible diagnosis of hydrocephaly.

2. If ventriculomegaly progressed, early delivery Follow-up MRI taken 2 weeks later revealed
by cesarean section at around 36 weeks’ ges- some shrinkage of the AW. The parents were
tation might be required. again informed of the condition and the possible

3. After delivery, placement of a CSF reservoir or  prognosis.

VP shunt might be performed if the diagnosis Since the ventriculomegaly showed signs of
of hydrocephaly was established. resolving, or at least of not progressing, the fetus

4. Developmental prognosis might be difficult was monitored carefully by weekly ultrasonog-
owing to the severity of the ventriculomegaly. raphy and was delivered at full term by vaginally
On the other hand, because the case was that delivery. An MRI taken a week after the birth
of isolated, simple posthemorrhagic hydro- showed further shrinkage of ventricular size. The
cephaly, a better prognosis could be expected parents were once more informed that the
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Postnatl MRI (2 days after the birth)

Fig. 8 A case of severe ventriculomegaly associated with
other abnormalities. Fetal ventriculomegaly was first
pointed out at 22 weeks’ gestation. The first fetal MRI
taken at 28 weeks’ gestation revealed marked ventricu-
lomegaly with a bilateral AW greater than 30 mm. Hypo-
plasia of the cerebellar vermis, lissencephaly, and kinking
of the brainstem were observed as associated abnormalities
(upper low). At this point, Dandy-Walker variant was

likelihood of hydrocephaly was very small and
that neurosurgical intervention would be unnec-
essary. In addition, since the ventriculomegaly
resolved spontaneously, and no associated
abnormalities were evident in the neural struc-
ture, normal developmental prognosis could be
expected. A follow-up CT scan taken 2.5 months
later showed stable ventricular size. Mild devel-
opmental delay became apparent when the
patient was 7 months old. At the age of 3 years,
the patient suffered mild developmental delay,
epilepsy, and bilateral cortical blindness, the
combined effect of which resulted in severely
delayed development.

tentatively diagnosed. The baby was born at 36 weeks’
gestation by scheduled Cesarean section because ventricu-
lomegaly showed signs of progressing even after the first
MRI. Walker-Warburg syndrome was finally diagnosed by
a MRI taken 2 days after the birth. Despite treatment of the
hydrocephalus using a CSF reservoir followed by a VP
shunt, the baby died due to cardiopulmonary arrest at the
age of 9 months

Case 2: Severe ventriculomegaly associated with
other abnormalities — VP shunt (Fig. 8).

Fetal ventriculomegaly was first pointed out at
22 weeks’ gestation, and the mother was referred
to a maternal medical center when the progress of
ventriculomegaly was confirmed at 26 weeks’
gestation. A fetal MRI first taken at 28 weeks’
gestation revealed marked ventriculomegaly with
a bilateral AW greater than 30 mm. Hypoplasia of
the cerebellar vermis, lissencephaly, and kinking
of the brainstem were observed as associated
abnormalities. At this point, Dandy-Walker vari-
ant was tentatively diagnosed. The parents were
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informed that the fetus was hydrocephalic, the
case was probably not one of simple ventricu-
lomegaly, and that early intervention before full
term of pregnancy would be necessary. They were
also informed of a high risk of delayed develop-
ment based on the severity of the ventricu-
lomegaly and associated CNS abnormalities.

The baby was delivered at 36 weeks’ gestation
by scheduled Cesarean section because the
ventriculomegaly showed signs of continued pro-
gression after the first MRI. Walker-Warburg syn-
drome was finally diagnosed by MRI done 2 days
after birth. A CSF reservoir was placed on post-
natal day 4 and was repeatedly aspirated to reduce
tension in the major fontanelle. A VP shunt was
installed at 28 days old when an increase in head
circumference became clinically apparent. The
baby was discharged at 3 months old but
readmitted for cardiopulmonary arrest and resus-
citated successfully. At age 9 months, cardiopul-
monary arrest recurred, and the death was
confirmed at the hospital where the patient was
admitted.

Prenatal Counseling

Prognosis of prenatal hydrocephaly including
fetal ventriculomegaly is usually judged on the
basis of MRI and other neuroimaging (chiefly
ultrasonographic) findings. Importantly, abnormal
anatomical findings do not necessarily coincide
with functional outcomes. Severe morphological
abnormalities or ventriculomegaly suggest possi-
ble future impairment of neurodevelopment in the
majority of cases. However, the actual clinical
course and degree of impairment widely differ
between individuals. In fact, precise clinical out-
come in the long term cannot be determined
without prolonged observation of patients. Infor-
mation obtained pre- and postnatally is not suffi-
cient to predict the developmental and functional
outcomes with precision. We need to realize the
fact that even the latest data obtained by means of
cutting-edge technology is still insufficient to pre-
dict the future of children with prenatal hydro-
cephaly. The most likely clinical course can only
be imagined. Understanding these limitations is
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prerequisite for counseling parents of children
with prenatal hydrocephaly.

Prenatal Counseling: Providing Basic
Information

Prenatal counseling starts once fetal ventricu-
lomegaly is suspected. Precise, up-to-date infor-
mation needs to be provided to the family. The
parents should be informed of test results and the
expected clinical course and outcome, once fetal
ventriculomegaly is diagnosed. Importantly, the
parents should be informed that the initial diagno-
sis of ventriculomegaly and the severity of the
condition may change during the course of the
pregnancy. Chromosomal and/or genetic testing
may be recommended at this point.

Termination of pregnancy is also an option if
the diagnosis of fetal ventriculomegaly is made
within the legal time frame for abortion. Severe
ventriculomegaly, ventriculomegaly with associ-
ated abnormalities, and ventriculomegaly with
chromosomal/genetic abnormalities are aborted
at a higher rate. Such cases may prove to be true
instances of hydrocephaly and pose a heightened
risk of delayed developmental outcomes than
mild isolated ones. Nevertheless, parents should
be also informed that a small number of patients in
such high-risk groups can survive without devel-
opmental delay.

If the probability of hydrocephalus is high, the
parents need to be informed of the following:

1. Precise diagnosis of hydrocephalus.

2. Possible pathogenesis, if known.

3. When and how to deliver, especially if the
ventriculomegaly is progressive.

4. Expected postnatal clinical course.

Timing of surgery and surgical procedures.

6. Expected long-term developmental outcomes.

93]

Providing the abovementioned information to
parents, who are anxious about the fate of their in
utero baby, is emotionally demanding for both
parties. While it is important to give parents
evidence-based information, a supportive attitude
and readiness to listen to their concerns whenever
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needed are equally important especially in view of
the uncertainty of medical predictions about the
developmental course of hydrocephalic infants.

When an infant with prenatally diagnosed
hydrocephaly is born, it should undergo detailed
postnatal examination. The parents should be
informed of the following:

. Diagnosis of hydrocephalus.

. Pathogenesis of hydrocephalus, if known.

. Any other newly discovered abnormalities.
. Expected clinical course.

. Timing of surgery and surgical procedures.
. Expected long-term outcomes.
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Neurosurgeons, neonatologists, psychologists,
and nurses should cooperate in providing this
information. The basic purpose of such coopera-
tion is to provide multifaceted support to, and
share the latest information with, the parents.
Table 1 summarizes the basic information
discussed in this chapter.

EBM Versus NBM

As a pediatric neurosurgeon, I feel that most par-
ents of hydrocephalic infants sense the gravity and
risks inherent in their child’s condition even when
postnatal treatments are performed without event.
In such situations, it is important for all of the
attending medical staff to be on hand to extend
their support to the parents. This may include
providing the latest evidence-based information,
although in my view this is not critical at this
juncture.

When parents are informed of the diagnosis
and prognosis, they may express a variety of
responses including denial but eventually try to
accept their situation amid feelings of fear and
hope. Accepting their reactions with a supportive
attitude, showing them empathy, and consoling
them are essential to promote a favorable relation-
ship between the parents and medical staff, with
obvious implications for any future treatment of
the patient. Such an approach is regarded as cen-
tral to narrative-based medicine (NBM), a tradi-
tional approach to the caretaker-patient-family
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Table 1 Basic data on prenatal hydrocephaly

Ventriculomegaly:

Isolated ventriculomegaly:

Prenatal hydrocephaly:

Chromosomal
abnormality:

0.5-3.8/1000 birth
0.4-0.9/1000 birth
0.2-0.8/1000 birth

<5% (0-30%) in isolated
mild ventriculomegaly

Fetal ventriculomegaly
Degree: Mild, 40%

Severe, 60%

Isolated, 40%

Non-isolated, 60%

Spontaneous resolution,

30-50%

Stable, 50-60%

Progressive, 10-20%

Associated anomalies:

Natural course:

Prognosis of life
Survival rate for overall
fetal ventriculomegaly:

37-51%
Termination of 17-29%
pregnancy:
Severe cases: 50-100%
Higher rate in
non-isolated cases
Peri- and postnatal 10-20%
mortality rate:

Normal development in survivors of fetal

Ventriculomegaly
Overall: 80%
Isolated: 35-60%
Non-isolated: <10%
Isolated mild 80-90%
ventriculomegaly:
Severe <10%
ventriculomegaly:
Postnatally treated 20%

prenatal hydrocephaly:
Poor prognosis

Genetic hydrocephaly (X-linked hydrocephaly and
other L1 syndromes)

Hydrocephaly associated with chromosomal
abnormalities

Post-infectious hydrocephaly (TORCH)
Syndromic hydrocephaly

(Dandy-Walker syndrome, holoprosencephaly,
hydranencephaly, etc.)

relationship and one whose role has been
reevaluated even in this era of evidence-based
medicine (EBM) (Greenhalgh and Hurwitz
1999; Greenhalgh 1999). The holistic approach
of NBM to interactions with prospective parents
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of prenatally hydrocephalic infants can succeed in
encouraging them to go through with the delivery
and raise their child. NBM may also improve the
relationship between the parents and medical staff
during the postnatal clinical course, as mentioned
above.

In short, counseling parents of infants with
prenatal hydrocephalus by NBM is an important
way of compensating for any insufficiencies of
EBM. Most of the isolated mild fetal ventricu-
lomegaly cases have a favorable outcome.
Nonetheless, some may suffer a degree of devel-
opmental impairment. The role of prenatal
counseling is to help prospective parents under-
stand their situation and to lessen their apprehen-
sions concerning the future of their baby. The aim
of prenatal counseling is to support whatever deci-
sion the parents make. There is no single formula
for counseling prospective parents of a prenatally
hydrocephalic child, but NBM provides a frame-
work for an individualized approach to counseling
couples facing the prospect of having a prenatally
hydrocephalic child.

Discussions of prenatal hydrocephalus tend to
focus on the negatives. Indeed, the mortality rate
is high, and delayed development in survivors
seems inevitable. Nevertheless, it is important to
acknowledge that more than 20% of prenatal
hydrocephaly cases survive and have a normal
developmental course (Renier et al. 1988;
Yamasaki et al. 2012). At the time of prenatal
counseling, prospective parents need to be
informed of both the negatives and the positives
for themselves and their child. Mentioning the
positives in the situation, however few these
may be, can help prospective parents cope with
the difficulty of their circumstances.

Summary

This paper gave an overview of the details of
prenatal hydrocephalus and fetal ventricu-
lomegaly. The diagnosis of prenatal hydrocephaly
always involves some uncertainty due to the fact
that the patient is in utero. Differentiating fetal
hydrocephalus from fetal ventriculomegaly is
not straight forward in some cases, and prenatal
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hydrocephaly may be highly suspected if fetal
ventriculomegaly is progressive. Information
obtained by prenatal examination is limited, and
no standardized prenatal treatment exists at pre-
sent. Nevertheless, pediatric neurosurgeons need
to plan postnatal treatment and participate in pre-
natal counseling as a member of a multi-
disciplinary team. Further, a narrative-based
approach is recommended to build a strong and
productive relationship with the prospective
parents.
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