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Abstract

Background: Encephaloceles are cystic congenital malformations in which central nervous system (CNS) structures,
in communication with cerebrospinal fluid (CSF) pathways, herniate through a defect in the cranium.
Hydrocephalus occurs in 60-90% of patients with occipital encephaloceles.

Objective: Assessment of the surgical management of hydrocephalus associated with occipital encephalocele and
its effect on the clinical outcome.

Methods: Between October 2015 and October 2019, a retrospective study was conducted on seventeen children
with occipital encephaloceles who were operated upon. The presence of progressive hydrocephalus was
determined by an abnormal increase in head circumference and an increase in the ventricular size on imaging
studies. A ventriculoperitoneal (VP) shunt was applied in patients who had hydrocephalus. The clinical outcome was
graded according to the developmental milestones of the children on outpatient follow-up visits.

Results: The mean age at surgery was 1.6 (range, 0-15) months. There were ten girls (58.8%) and seven boys
(41.2%). Ten encephaloceles (58.8%) contained neural tissue. Ten patients (58.8%) had associated cranial anomalies.
Eleven children (64.7%) had associated hydrocephalus: four of them (36.4%) diagnosed preoperatively, while seven
children (63.6%) developed hydrocephalus postoperatively. Ten of them (90.9%) were managed by VP shunt. Al
children with hydrocephalus had some degree of developmental delay, including six (54.5%) with mild/moderate
delay and five (45.5%) with severe delay. Half of the patients (50%) of the children with occipital encephalocele
without hydrocephalus had normal neurological outcome during the follow-up period (p value= 0.034).

Conclusions: Occipital encephalocele is often complicated by hydrocephalus. The presence of hydrocephalus
resulted in a worse clinical outcome in children with occipital encephalocele, so it can help to guide prenatal and
neonatal counseling.
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Introduction is 0.8—4 per 10,000 live births [3, 4]. Encephaloceles are

An encephalocele is a congenital herniation of intracra-
nial contents throughout a cranial defect. These intra-
cranial contents, which protrude through the defect,
may include cerebrospinal fluid (CSF), meninges, or/and
brain tissue [1, 2]. The estimated worldwide prevalence
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generally classified based on the anatomical location
where 75% of encephaloceles are located in the occipital
region, 13—-15% are situated in the frontal ethmoidal re-
gion, and 10-12% in the parietal or the sphenoidal re-
gion [5]. Infants with encephaloceles may often have
associated malformations, reported to occur in 36—60%
of children [6] and include anomalies such as micro-
cephaly, agenesis of the corpus callosum,
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holoprosencephaly, arachnoid cyst, Dandy—Walker
malformation, Chiari malformation, craniosynostosis,
cleft lip or palate, Klippel-Feil malformation, myelo-
meningocele, hydrosyringomyelia, and optic nerve ab-
normalities [5-8].

For a newborn with an encephalocele, the prognosis
depends on many factors including the size and contents
of the sac, presence of microcephaly, hydrocephalus, and
associated anomalies [5, 8, 9]. A significant proportion
of these children lack normal developmental milestones
and may have mental and growth retardation, seizures,
ataxia, and visual impairment [6]. Hydrocephalus carries
a significant morbidity in these children, reported to
occur in 60-90% of patients with occipital encephalo-
celes, with a much lower incidence of 10-15% in anter-
ior encephaloceles [10, 11]. Hydrocephalus is frequently
present preoperatively or develops after the surgical re-
pair of occipital encephaloceles. CSF diversion in the
form of ventriculoperitoneal (VP) shunt is usually re-
quired in these cases [12].

The aim of this study was to assess the surgical man-
agement of hydrocephalus associated with occipital
encephalocele and to correlate the clinical outcome with
the presence of hydrocephalus in these pediatric
patients.

Methods

In this study, a retrospective analysis of seventeen chil-
dren with occipital encephaloceles who were operated
upon in the Neurosurgery Department in Medina Ma-
ternity and Children Hospital in the interval between
October 2015 and October 2019 was done. Newborns
with anencephaly were excluded from the study.

Medical records of eligible children were reviewed re-
garding the age at presentation, sex, size, contents of
encephalocele, presence of hydrocephalus, microcephaly,
seizures, CSF leakage, associated cranial anomalies, and
neurological outcome. Contents in the encephalocele
were initially defined by imaging studies and then con-
firmed at the time of operation. Computed tomography
(CT) and magnetic resonance imaging (MRI) of the
brain were done in all cases. Ultrasonography was done
in three children. The presence of progressive hydro-
cephalus was determined by an abnormal increase in
head circumference, full fontanelle, and an increase in
the ventricular size on imaging studies.

During surgery, the children with occipital encephalo-
celes were placed in the prone position. The sac was dis-
sected from the surrounding normal skin. A microscope
was used to magnify the visualization to aid decision-
making in terms of whether to reposition or perform
excision of neural tissue if present in the sac. This tech-
nique helped in preserving important structures associ-
ated with vital dural veins and vessels entangled within
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the mass. The dura mater was closed in a watertight
fashion, a graft from pericranium was used when neces-
sary, and fibrin glue was applied to strengthen the graft.
The final step was closure of the subcutaneous tissue
and the skin. In patients without neural tissue in the sac,
only the dura mater was sealed. A ventriculoperitoneal
shunt was applied in patients who had hydrocephalus.
Two patients were operated by VP shunt insertion and
encephalocele repair in the same setting. The sacs that
ruptured before admission were managed by covering
them with normal saline-soaked gauze in a sterile fash-
ion and were taken to the operation theater for repair as
soon as possible. The average amount of blood loss was
35 ml. Four patients required blood transfusion. Antiepi-
leptic drugs were administered when the patient devel-
oped seizures.

Follow-up assessments were made on outpatient visits
and included assessment of motor, visual, hearing, cog-
nitive, and verbal developmental milestones. The visual
function was assessed by an ophthalmologist by follow-
ing a moving object, fundus examination, and visual
evoked potential (VEP) when needed. The hearing was
assessed by an audiologist by using otoacoustic emis-
sions (OAE) test for screening and diagnostic auditory
brainstem response (ABR) when indicated. According to
the clinical outcome, children were divided into three
groups. Children who reached all milestones appropri-
ately were considered to have normal neurological status
whereas children who did not meet all milestones were
classified as having mild or moderate delay. Children
were considered to have severe developmental delay if
they were nonambulatory and nonverbal.

Results

A total of seventeen children, including ten girls (58.8%)
and seven boys (41.2%), were included in this study.
Their age ranged from 0 to 15 months, a mean age at
surgery of 1.6 months.

The size of the encephalocele ranged from 1.5 to 15
cm in maximal diameter, with a mean of 4.5 cm (Fig. 1).
Ten encephaloceles (58.8%) contained neural tissue
while in seven patients (41.2%) the sac did not contain
neural tissue. The protruded neural tissue was reposi-
tioned in six and it was partially excised and reposi-
tioned in four cases. Eleven children (64.7%) had
associated hydrocephalus: four of them (36.4%) diag-
nosed preoperatively, while seven children (63.6%) devel-
oped hydrocephalus postoperatively (Fig. 2). The average
duration between surgery and development of hydro-
cephalus in the 7 patients with postoperative hydroceph-
alus was 1.5 (range, 1-5) weeks. Two infants (11.8%)
presented with CSF leaking from the encephalocele, with
one being infected. Ten patients (58.8%) had associated
cranial anomalies where six children had cranial
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encephalocele with the inserted VP shunt

Fig. 1 A 10-day boy. a, b Axial and sagittal T1-weighted MRI brain showing occipital encephalocele with communicating hydrocephalus and
Dandy-Walker malformation. ¢, d Intraoperative pictures showing that the encephalocele contained gliosed brain tissue. e, f Intraoperative
pictures after repair of encephalocele and insertion of VP shunt. g, h Postoperative axial and sagittal CT brain showing the repaired

anomalies alone and four children had a combination of
both cranial and extracranial anomalies. Seven children
(41.2%) had no associated cranial anomalies. The com-
monly associated cranial abnormalities included micro-
cephaly (Fig. 3), Dandy—Walker malformation, and
agenesis of the corpus callosum while the most com-
monly associated extracranial anomaly was cleft lip/pal-
ate (Table 1). The three patients with Dandy—Walker
malformation were managed by VP shunt.

All patients underwent surgical excision and repair of
the encephalocele. Of the two neonates with CSF leaking
from the encephalocele at birth, one was infected and
was managed with appropriate broad-spectrum antibi-
otics and a temporary CSF drainage. VP shunt was re-
quired later on after clearance of infection. The other
one developed progressive hydrocephalus and required
CSF diversion. VP shunt was inserted in ten (90.9%) out
of the eleven patients with hydrocephalus. One patient
(9.1%) did not develop progressive hydrocephalus and

thus did not require CSF diversion during 9 months of
the follow-up period. Two shunt revisions were per-
formed 1.5 and 2 years after shunt insertion. Two chil-
dren (11.8%) developed a seizure disorder following the
repair where they had good control with one antiepilep-
tic drug. The overall survival rate was 94.1% (16/17).
The child who died presented with occipital encephalo-
celes larger than 5 cm and died of causes unrelated to
repair of the encephalocele or a shunting procedure.
The cause of death was associated extracranial anomalies
and poor general condition.

The follow-up period ranged between 6 months and
4.5 years with the mean follow-up of 2 years. As regards
the clinical outcome, three children (17.6%) were neuro-
logically normal, eight patients (47.1%) had mild/moder-
ate delay, and six (35.3%) had severe developmental
delay. None of the patients with hydrocephalus had a
normal neurological outcome; all eleven children had
some degree of developmental delay, including six
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improved and discharged 3 days later

Fig. 2 A boy who was operated for occipital encephalocele when he was 7 days old. a He developed a CSF collection at the surgical site 1 week
following the surgery. b Preoperative axial CT brain. ¢, d Postoperative axial CT brain showing that he developed dilation of the supratentorial
ventricles and CSF collection at the surgical site. e, f Axial CT brain after VP shunt insertion showing reduction of the CSF collection size. The child

(54.5%) with mild/moderate delay and five (45.5%) with
severe delay. Half of the patients (50%) of the children
with occipital encephalocele without hydrocephalus had
normal neurological outcome during the follow-up
period (p value= 0.034) (Table 2).

Discussion
Encephaloceles most probably occur as a result of meso-
dermal abnormality that causes a defect in the calvarium
and dura through which protrudes the brain tissue. This
usually occurs at 8—12 weeks of gestation [13]. The asso-
ciated risk factors remain obscure. Risk factors include
hyperthermia, genetic background, maternal nutritional
deficiency, aflatoxin, or other environmental factors [14].
Children with occipital encephaloceles had a higher rate
of progressive hydrocephalus and developmental delay
than those with anterior lesions [3].

Females were affected predominantly (10/17, 58.8%) in
this study which correlates with previous reports [14].

The mean age of the children was 1.6 (range, 0-15)
months. The size of the encephalocele sac ranged from
1.5 to 15 cm, with a mean of 4.5 cm in maximal diam-
eter. Ten encephaloceles (58.8%) contained neural tissue.
Kiymaz et al. reported 30 children with occipital ence-
phaloceles (22 girls and 8 boys), whose ages varied be-
tween newborn and 14 months. The encephalocele sac
was located in the occipital region in 27 patients (90%)
and in the occipitocervical region in 3 patients (3%). The
range of size measurements of 21 sacs was from 1 x 1
cm to 20 x 20 cm. Neural tissue was present in 16 of the
patients, while it was absent in 14 patients [9].

The contents of the sac varied from dysplastic diver-
ticulum to brain tissue with some amount of CSF always
present. The skull defects are frequently small. Larger
occipital encephaloceles herniating through smaller bony
defects require urgent surgical intervention to avoid
damage to the functioning brain tissues and intracranial
vessels that go in and out of the sac to supply the brain
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Fig. 3 A female infant with microcephaly. a Sagittal CT brain with IV contrast showing occipital encephalocele with abnormal shape small size
skull, the corpus callosum cannot be detected. b 3D bone window reconstruction shows a posterior parieto-occipital midline bony defect about
1.7-cm diameter through which the encephalocele protrudes. The patient was operated for repair of the encephalocele

b

tissue. Excision of the protruded neural tissue should be
performed without affecting the vessels, especially veins
and sinuses; otherwise, massive brain infarction may
occur [15]. Microscopic surgery can achieve these goals
more efficiently. In this series of patients, there was no
infarction postoperatively after the repair.

Prenatal ultrasonography can be used to detect an
encephalocele and the presence or absence of brain tis-
sue within the sac [5]. Hydrocephalus is often not
present prenatally. Hydrocephalus may develop due to
torsion of the aqueduct of the Sylvius, sinus, or aqueduct
stenosis. Hydrocephalus may also occur after elimination
of the encephalocele because of changes in the CSF cir-
culation dynamics or obstruction of the sagittal sinus
which may occur during closure of the encephalocele.
Various patient series show that hydrocephalus is associ-
ated with large posterior encephaloceles [10, 11],

Table 1 Associated cranial and extracranial anomalies

Anomaly Number

Cranial 10

Microcephaly

Dandy-Walker malformation
Agenesis of the corpus callosum
Chiari malformation

Extracranial

w A NN W W

Cleft lip/palate

Facial dysmorphism 1

although it is more likely to develop following repair of
the lesion than be present at birth. In our study, hydro-
cephalus was observed preoperatively in four patients
(36.4%) who were treated by placing VP shunt before
the repair of the sac. Meanwhile, seven children (63.6%)
developed hydrocephalus after surgery; six of them were
again successfully managed by VP shunt as second
surgery.

There is always a chance of infection in large encepha-
locele usually because there is a leakage of CSF [16]. In
this study, one neonate presented with infected CSF
leaking from the encephalocele and he was managed
with proper antibiotics and regular sterile dressings and
a temporary CSF drainage. VP shunt was required later
on after clearance of infection. All surgeries were elect-
ive except two patients that were admitted with rupture
of the sac and CSF leakage which were repaired on
emergency basis. Infections could increase the rates of
morbidity and mortality in these patients.

In this study, eleven children (64.7%) had hydroceph-
alus where ten of them (90.9%) were managed by VP
shunt. We did not apply endoscopic third ventriculost-
omy (ETV) in any child in this study due to the known
poor results of ETV in this age group due to underdevel-
oped subarachnoid space. However, in one study, it was
concluded that ETV can be an effective treatment option
for encephalocele-associated hydrocephalus, even in
children under the age of 1 year and it may obviate the
need for placement of CSF shunts that have a risk of in-
fection and malfunction. However, they reported that
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Table 2 The neurological outcome in relation to the presence of hydrocephalus

No. Inclusion criteria No. of Neurological outcome
patients Normal Mild or moderate delay Severe developmental delay
1 Children with hydrocephalus 11 0 (0%) 6 (54.5%) 5 (45.5%)
2 Children without hydrocephalus 6 3 (50%) 2 (33.3%) 1(16.7%)
Total 17 3 (17.6%) 8 (47.1%) 6 (35.3%)

delayed failure of ETV may occur as seen in their first
patient, indicating the need for careful and long-term
follow-up [17].

In our study, 35.3% of children had severe develop-
mental delay and 47.1% had mild or moderate delay
while 17.6% had a normal neurological outcome. This
result is higher than other reports which found that 16—
31% of the children were physically and/or mentally dis-
abled such as those reported by Tsuchida et al. [18],
Docherty et al. [19], Date et al. [20], Macfarlane et al.
[21], and Martinez-Lage et al. [22]. This is maybe due to
many of encephaloceles in our study contained neural
tissue (10, 58.8%), most of the children had hydroceph-
alus (11, 64.7%), and many infants had associated intra-
cranial and extracranial anomalies (10, 58.8%). Among
the hydrocephalic patients in this study, none had a nor-
mal neurological outcome. This is in agreement with
previous reports that found that hydrocephalus is signifi-
cantly associated with cognitive deficit in children with
encephaloceles [3, 20, 23]. Da Silva et al. reported sev-
enty children with encephalocele (14 anterior and 56
posterior encephaloceles). Their outcome showed that
14 patients (20%) had severe developmental delay, 28
(40%) had mild/moderate delay, and 28 (40%) were
neurologically normal. In their series, none of the pa-
tients with hydrocephalus had a normal neurological
outcome; all 17 children had some degree of develop-
mental delay, including 11 (65%) with mild/moderate
delay and 6 (35%) with severe delay [24].

Microcephaly is a poor prognostic factor which is as-
sociated with developmental delays. It sometimes makes
the relocation of herniated neural tissue more difficult,
with a subsequent increase in intracranial pressure [9].
Gallo described a technique where an extracranial com-
partment is prepared utilizing fine tantalum mesh to en-
close the neural contents. This mesh is attached to the
periphery of the skull defect providing a rigid extracra-
nial compartment for the encephalocele. As intracranial
pressure increases, the calvarium is forced to expand
[25]. We did not face this problem in our series as all
the gliotic brain tissue which was protruding out of the
skull was excised when needed with the aid of preopera-
tive imaging that was carried out to identify this type of
tissue and to detect any involved blood vessels. This is
similar to the findings of other series [9]. Three of our

patients had associated Dandy—Walker cysts along with
hydrocephalus. Hydrocephalus should not be treated
before treatment of Dandy—Walker cyst due to the
risk of upward herniation of posterior fossa contents.
Hydrocephalus and Dandy—Walker cyst are usually
treated in the same setting by a single shunt system
connected through Y connector. Other options in-
clude posterior fossa cyst drainage alone or ventricu-
lar drainage alone [26].

A seizure is an important factor to affect the quality of
life in children with occipital encephalocele [3]. Bui et al.
reported an incidence of seizures in occipital encephalo-
cele of 17% [27]. In our study, the seizure was noted in
two children (11.8%) who developed it following the re-
pair which is slightly less than other reported studies [3,
19]. Seizures in these patients were well-controlled with
antiepileptics after surgery. Mortality was 5.9% in this
study which correlates to recent reports [24].

The limitations of this study include that it is a retro-
spective one with no limitation during patient selection
by the volume of viable neural tissue. Prospective studies
with more concern about the volume of viable neural
tissue and the quality of the life of the patients following
surgery for occipital encephaloceles with hydrocephalus
are recommended to authenticate the results.

Conclusion

Occipital encephalocele is often complicated by hydro-
cephalus. Management of hydrocephalus is crucial in
preventing dehiscence at the site of the encephalocele
repair. In contrast to good or fair neurological outcome
in children with an encephalocele without hydroceph-
alus, the presence of hydrocephalus resulted in a worse
neurological outcome. This can help to guide prenatal
or neonatal counseling.
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