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Abstract

The aim of this study is to evaluate the clinical history and prognosis of children with early-onset hydrocephalus. The
retrospective study’s inclusion criteria were hydrocephalus diagnosis before the age of 5 years, independent of aetiology,
and birth details, January 1, 2000 to December 31, 2014. Overall, 142 children were entered into the study, divided into 11
aetiological groups: premature-birth post-intraventricular haemorrhage (16%), brain tumours (16%), spina bifida (15%),
aqueductal stenosis (8%), post-meningitis (8%), post-haemorrhage (8%), Dandy—Walker malformation (6%), unknown origin
(6%), arachnoid cyst (5%), miscellaneous obstruction (4%), and various causes (8%). In total, 23 patients died, primarily from
the tumour group. Ventriculostomy, performed 42 times, was successful in 20 patients. Overall, 226 internal shunts were
placed in 99 children. Infectious complications affected 19% of children after shunt placement and 51% after mechanical
complications. Mean follow-up was 4 years 10 months, with 61% of children progressing fairly well, especially those with
aqueductal stenosis, cysts, and unknown or diverse obstructive causes. Post-meningitis hydrocephalus displayed the poorest
outcome. Isolated obstructive hydrocephalus exhibited better prognosis, with most obstructive aetiologies effectively treated
via ventriculostomy. Children treated by shunt placement were more at risk of complications. Aetiologies with associated
abnormalities and neurological sequelae had poorer outcomes.
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Abbreviations Introduction

CNS Central nervous system

CSF Cerebrospinal fluid Hydrocephalus is a common neurological event caused by

ETV Endoscopic third ventriculostomy several pathologies [1]. Based on its physiopathology, a

PHH Post-haemorrhage hydrocephalus structured aetiological classification can be made. Obstruc-

PIVHH Post-intraventricular haemorrhage tive hydrocephalus arises from an obstruction in the ventric-
hydrocephalus ular system, with idiopathic aqueductal stenosis, X-linked

PMH Post-meningitis hydrocephalus hydrocephalus, brain tumours (especially infratentorial), or

VPS Ventriculoperitoneal shunt Dandy—Walker and Chiari malformations as potential aetiol-

QOL Quality of life ogies. Obstructive hydrocephalus appears to be a good indi-

cation for endoscopic third ventriculostomy (ETV). Com-
municating hydrocephalus is caused by deficient resorption
of cerebrospinal fluid (CSF) at the arachnoid villi, as seen
in post-haemorrhagic and post-infectious hydrocephalus.
Given this setting, a ventriculoperitoneal shunt (VPS) often
proves more effective than ETV. However, both phenom-
D4 Marie-Cécile Nassogne ena can occur simultaneously, which renders it difficult to
marie-cecile.nassogne @uclouvain.be choose the most appropriate treatment. Finally, a rare cause
Service de Neurologie Pédiatrique, Université catholique of hydrocephalus is ChOI‘O'ld P leX}ls papilloma, d}agnosed
de Louvain, Cliniques universitaires Saint-Luc, Avenue before the age of 2, associated with abnormally increased
Hippocrate 10/1062, B-1200 Brussels, Belgium CSF production [1-4].
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Table 1 Population characteristics

Actiology N (%) Death (%) Mean age at diagnosis Mean age at treatment Mean follow-up time
PIVHH 23 (16) 5(22) 10d Imo3d 65mo 9d
Brain tumour 23 (16) 12 (52) 32mo6d 32mo 14 d 29mo9d
Spina bifida 21 (15) 3(14) 12d 1 mo 87 mo 14 d
Aqueductal stenosis 12 (8) 00 2mo6d 6mo6d 4lmo21d
PMH 12 (8) 1(8) Smo6d Smo 12d 63 mo6d
PHH 11 (8) 00 13 mo 13mo6d 73mo24d
Dandy-Walker 9 (6) 1(11) 2mo21d 12mo 24 d 55mo21d
Unknown 8 (6) 00 11mo 18d 12mo 24 d 50mo21d
Arachnoid cyst 7(5) 00 7mo21d 9mo9d 57mo21d
Miscellaneous obstruction 54) 00 4mo 18 d 4mo 18 d 35 mo
Various 11 (8) 19 4 mo 27d Smo 12d 60 mo
TOTAL 142 (100) 23 (16) 8mo 14d 10mo 6d 58 mo

N number, mo months, d days, PIVHH post-intraventricular haemorrhage hydrocephalus, PMH post-meningitis hydrocephalus, PHH post-haem-

orrhage hydrocephalus

Currently, hydrocephalus is treated using either ETV or
VPS, yet complications can occur. These mostly involve
infection (meningitis or peritonitis) or mechanical prob-
lems (ETV failure, shunt malfunction, obstruction, migra-
tion, etc.). Complications are more commonly seen with
VPS than ETV. Intracranial haemorrhage is a serious ETV
complication occurring during or immediately following the
procedure [1-4].

Outcome depends on aetiology, associated malforma-
tions, delay until treatment, and occurrence of complica-
tions [1-3].

The main aim of this study was to evaluate: (1) the prog-
nosis of children diagnosed with hydrocephalus of several
aetiologies before the age of 5; (2) determinants of outcome
like aetiology, age at diagnosis and treatment, treatment
type, complications or sequelae, as well as associated neu-
rological abnormalities.

Method

This clinical trial was conducted at the “Cliniques uni-
versitaires Saint-Luc” in Brussels, Belgium. The hospital
archives were searched for cases using International Clas-
sification of Diseases (World Health Organization) codes
331.3,331.4,741.00, 741.03, and 742.3. The children were
born January 1, 2000-December 31, 2014.

All cases involved hydrocephalus diagnosed before the
age of 5, including all aetiologies. The exclusion criteria
were absence of hydrocephalus (codification error), external
and ex vacuo hydrocephalus, prenatal diagnosis with mis-
carriage or abortion, and incomplete files. For each patient,
the following parameters were collected and recorded: age
and symptoms at onset; age at treatment and treatment type;
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occurrence of complications, neurological impairments or
sequelae and their therapeutic sanctions; length of hospi-
talizations. All events occurring after December 31, 2014
were not considered.

Population

A total of 142 children were included in the trial and divided
into 11 groups according to hydrocephalus aetiology: post-
intraventricular haemorrhage in premature children (PIVHH,
16%), brain tumour (16%, of which 61% were infratentorial),
spina bifida (15%, with confirmed Arnold-Chiari malfor-
mation in 86%), aqueductal stenosis (8%), post-meningitis
hydrocephalus (PMH, 8%), post-haemorrhage hydrocepha-
lus (PHH, 8%), Dandy—Walker malformation (6%), unknown
origin (6%), and arachnoid cyst (5%). The remaining aetiolo-
gies were varied and separated into two groups: hydrocepha-
lus of miscellaneous obstructive causes (e.g., Chiari I mal-
formation, choroid cysts or foramen of Monro membranous
obstruction, 4%) and other causes (e.g., craniosynostosis,
achondroplasia, Hurler’s disease, occipital meningocele, as
well as syndromic and antenatal hydrocephalus, 8%).

There were 84 boys (59%) and 58 girls (41%). Only three
groups comprised predominantly boys, namely PIVHH,
PHH, and miscellaneous obstructive causes.

In total, 23 children died (16%), predominantly (52%) in
the brain tumour group. Two deaths were directly related
to treatment, namely post-operative haemorrhage and acute
VPS malfunction with brain herniation. The population
characteristics have been presented in Table 1.
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Table 2 Management of hydrocephalus

Aetiology ETV (%) ETV failure  Time lapse to ETV failure Shunts (VPS, Infectious com- ~ Mechanical
rate (%) [mean, (min — max)] VCS, CPS) (%) plications (%) complications

(%)

PIVHH 9 100 3d 52 21 58

Brain tumour 48 55 42d(3-197d) 61 10 48

Spina bifida 10 100 6d (0-14 d) 95 15 54

Aqueductal stenosis 67 12 14d 50 10 60

PMH 33 50 12d (7-14 d) 75 15 46

PHH 18 100 79d (3-152 d) 64 25 38

Dandy-Walker 11 0 NA 89 39 61

Unknown 38 67 309 d (30-601 d) 75 0 78

Arachnoid cyst 29 100 162 d (136-183 d) 86 10 50

Miscellaneous obstruction 80 0 NA 40 50 0

Various 9 100 92d 73 30 35

Total 28 52 71 d (0-601 d) 70 19 51

This table represents the percentage of patients who underwent ETV and occurrence of failure with the time until failure expressed in days.
Additionally, the percentage of patients fitted with internal shunts is provided, along with the infectious and mechanical complication rates on

those shunts

ETV endoscopic third ventriculostomy, PIVHH post-intraventricular haemorrhage hydrocephalus, PMH post-meningitis hydrocephalus, PHH
post-haemorrhage hydrocephalus, VPS ventriculo-peritoneal shunt, VCS ventricular-cardiac shunt, CPS cysto-peritoneal shunt, d days, NA not

applicable, min minimum, max maximum

Outcome

Type of education and clinical evaluation by a paediatric
neurologist were primarily considered for outcome assess-
ment, yet neurodevelopmental tests were only rarely avail-
able. Based on these findings, the patients were divided
into four categories: green (normal development), yellow
(mild developmental delay, less than 1 year, e.g., repeating
a year at school), orange (moderate developmental delay,
more than 1 year) and red (severe developmental delay;
e.g., non-autonomous or institutionalised).

Results
Hydrocephalus diagnosis

Diagnosis was established on average at 13 months (mo)
or younger (Table 1), mostly at birth or soon afterwards. In
the event of PMH, there was approximately 1 mo between
infection onset and occurrence of hydrocephalus. Only a
few children with brain tumours or PHH, both acquired
aetiologies, were diagnosed after the age of 2 years (yrs).

Management of hydrocephalus

Nine children (6%) did not require any treatment, versus
five preterm children who died prior to treatment initiation.

The ages at diagnosis and treatment were similar
between groups (Table 1). Surgical treatment was post-
poned in two children with aqueductal stenosis and one
with Dandy—Walker syndrome (20, 21 and 90 mo, respec-
tively), as their hydrocephalus was stable, with neurologi-
cal status at diagnosis unaffected. This explains the higher
mean age and broader age spread at treatment in these
groups.

ETV was performed on 40 patients, twice for two of
them, thereby representing the major procedure conducted
in hydrocephalus of miscellaneous obstructive causes (80%)
and aqueductal stenosis (67%). Internal shunts (mainly VPS,
but also 10 cysto-peritoneal and two ventricular-cardiac
shunts) were placed in 99 children. Internal shunt place-
ment was the main surgical option for spina bifida (95%),
Dandy—Walker (89%), arachnoid cysts (86%), PMH (75%),
and hydrocephalus of unknown origin (75%) (Table 2).
Later, both surgeries were required in some patients.

External ventricular shunts were initially implanted in 25
patients. For four, hydrocephalus stabilized following exter-
nal shunt placement, while for others either shunt placement
or ETV was performed.

Overall, 32% of patients receiving shunts needed only
one. The mean number of shunts per patient was three, with
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POST-IVH IN PREMATURITY 41 12 2 18 6 Part 1: Developmental outcome
POST-IVH IN
BRAIN TUMOUR 43 30 26 0 PREMATURITY 22 39 22 17
SPINA BIFIDA 10 35 40 10 5 BRAIN TUMOUR 9 55 27 9
AQUEDUCTAL STENOSIS 55 27 18 0 SPINA BIFIDA 0 28 56 17
POST-MENINGITIS 25 25 42 80 AQUEDUCTAL
0 STENOSIS B 50 o
POST-HAEMORRHAGE 30 30 30 100 1 POST-MENINGITIS 9 27 9 64
- 2-5 normal
DANDY-WALKER 25) 25 25 25 4 POST-HAEMORRHAGE 18 27 36 18
UNKNOWN 43 14 43 o 1 O10 mild
>10 DANDY-WALKER 38 25 13 25
ARACHNOID CYST 14 29 43 14 0 moderate
UNKNOWN 63 38 0
MISCELLANEOUS OBSTRUCTION 40 20 40 0 severe
ARACHNOID CYST 43 57 0
VARIOUS 17 33 33 o 17 MISCELLANEOUS - 0 5
TOTAL 31 27 32 83 OBSTRUCTION
VARIOUS 10 30 50 10
Percentage of patients
TOTAL 24 37 24 16
Percentage of patients alive
Fig. 1 Number of complications per patient This graph represents
s . . . Part 2: Type of education
the number of complications occurring in each patient. For each P
: : BD C. : POST-IVH IN
aetiological group, indicated on the left, each bar coincides with the PREMATURITY 17 56 2 @B
percentage of patients from the specific group presenting with a cer- BRAIN TUMOUR 18 55 270
tain number of complications, as indicated by the shades of grey: the SPINA BIFIDA [ o =5 b
lightest to the darkest shade of grey corresponds to zero, one, two to AQUEDUCTAL = 5 b
. . . . STENOSIS
five, six to ten and more than ten complications, respectively. /[VH
. . POST-MENINGITIS 36 18 o'  unknown/
intraventricular haemorrhage preschool
POST-HAEMORRHAGE = 9 36 45 men ordinary
DANDY-WALKER 38 25 25 e
special
UNKNOWN 50 50 0 needs
the highest average required for PIVHH, PHH and various ARACHNOID CYST 14 86 o ®impossible

aetiology groups.

Figure 1 illustrates the number of complications directly
related to hydrocephalus, along with the corresponding treat-
ments per patient. We noted that all groups except for spina
bifida comprised over 50% of children exhibiting either no
complication at all or only one. A high number of compli-
cations occurred in patients suffering from PIVHH, spina
bifida, PMH, or PHH.

Complications occurred more frequently following shunt
placement than ETV, namely 43 infectious complications
(19% of 226 internal shunts placed) after an average time
of 5.5 mo [range 3 days (d)-60 mo].! Meningitis occurred
34 times, peritonitis four times, and wound infection five
times. Altogether, 115 mechanical complications (51%) were
observed, following 12 mo on average (range 1 d—10 yrs
4 mo).?

ETV outcomes are summarized in Table 2. The overall
ETV failure rate was 52%, after 2.5 mo on average (range
0-20 mo).> ETV proved the most successful technique in
patients with obstructive causes and aqueductal stenosis.
The mean age of children undergoing functional ETV was
17.5 mo (range 1-62 mo).4 Of those with ETV failure, the
mean age was 17 mo (range 0-57 mo).> The failure rate was
41% for children aged 0-6 mo at surgery, 67% for 6-12 mo,

1 (Minimum—maximum) in years (yrs) months (mo) and days (d).
2 (Minimum—maximum) in years (yrs) months (mo) and days (d).
3 (Minimum—maximum) in years (yrs) months (mo) and days (d).
4 (Minimum—maximum) in years (yrs) months (mo) and days (d).

5 (Minimum—maximum) in years (yrs) months (mo) and days (d).
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MISCELLANEOUS

OBSTRUCTION 0 &0 P
VARIOUS 10 40 40 (10
TOTAL 26 43 24 [ ]

Percentage of patients alive

Fig.2 Development and education Both graphs concern children
that were still alive by the clinical study’s end. The groups have been
added on the left. The first graph shows the developmental outcome.
The bar represents the percentage of patients alive in each group with
normal development (the lightest shade of grey) versus mild (light
grey), moderate (grey) or severe developmental delay (the darkest
shade of grey). The second graph depicts the education type followed.
The bar illustrates the percentage of patients alive in each group
enrolled in an unknown type of schooling or being pre-schooled (the
lightest shade of grey), attending ordinary education (light grey), ben-
efitting from special needs education (grey) or being unschooled due
to all education possibilities proving impossible (the darkest shade of
grey). IVH intraventricular haemorrhage

60% for 1-2 yrs, and 55% for over 2 yrs. One child devel-
oped meningitis and another contracted a surgical wound
infection following ETV (5% of 42 ETVs carried out).

Other complications, such as cerebral haemorrhage, sub-
cutaneous CSF collection, bone defects, and skin necrosis
(secondary to repeated interventions), were more common
after shunt placement. Seven children developed extracer-
ebral fluid collection (blood or CSF) post-ETYV, though sub-
dural shunts (external or peritoneal) were required in only
two.
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Outcome

Mean follow-up was 4 yrs 10 mo (Table 1). Figure 2 pro-
vides an overview of the children’s development and educa-
tion type. Of the children still alive, 24% developed normally
(green), whereas development was mildly delayed in 37%
(yellow), moderately in 24% (orange) and severely in 16%
(red).

Children with aqueductal stenosis, arachnoid cyst, and
hydrocephalus of either unknown or diverse obstructive
causes experienced fair to good outcomes (green and yel-
low). Neurodevelopmental prognosis was intermediate for
children with brain tumours, Dandy—Walker, and PIVHH,
with 62% on average presenting none or only slight delay.
Concerning children with spina bifida, PMH, PHH, or
hydrocephalus of various aetiologies, development was often
notably delayed (orange and red), with the highest ratio of
severe delay (64%, with all children of this group displaying
poor outcome) observed in PMH. Children with spina bifida
were more or less severely burdened by lesions to the spinal
cord, whereas the other children with poor outcomes and
hydrocephalus of various aetiologies presented syndromes,
craniosynostosis, Hurler’s disease, achondroplasia, or seque-
lae of severe prematurity. Motor, neurosensory, and intellec-
tual deficits were more common in these groups.

Epilepsy affected 28 patients (20%), though only tran-
siently in five, primarily children with PMH (92%) or PHH
(46%), i.e., aetiologies with severe brain sequelae.

Figure 2 provides an overview of development and edu-
cation, with a correlation observed between outcome and
education, namely between children attending ordinary
school (43%) and those categorized as green and yellow, as
well as between children requiring special education (24%,
mainly for motor deficit) and those categorized as orange
and red. Eight ‘red’ children (7%) could not attend any type
of school, four of whom presented with PMH. A total of 26%
were pre-schoolers or enrolled in an unknown scholarship.

Discussion

This study sought to investigate the outcome of patients
with early-onset hydrocephalus. The first observation con-
cerns the diversity of underlying hydrocephalus causes in
young patients. This was associated with difficulties ana-
lysing the patient group as a whole. Early-onset hydro-
cephalus may be associated with other malformations
and sequelae likely to negatively impact the outcome. In
our cohort, patients with spina bifida, PMH, PHH, and
hydrocephalus of various aetiologies presented poorer out-
comes, with moderate or severe delay observed in 62%.
Aqueductal stenosis, arachnoid cyst, and hydrocephalus
of unknown origin and miscellaneous obstructive causes

were associated with better outcome in 97% of cases. Iso-
lated hydrocephalus without any other clinical or radiolog-
ical findings appears to be less common, with an incidence
of 24% in our study; these patients’ neurological status is
more likely to improve following treatment.

Management of hydrocephalus

Our study provides an overview of the surgical procedures
performed and their complications. We assessed the cases of
40 children receiving ETV and 99 receiving internal shunts.
In some patients, ETV was performed for less evident aeti-
ologies, with the ultimate objective to provide these chil-
dren with a chance, however minute, of remaining shunt-
free. Complications occurred more frequently after shunt
placement (70% for all patients) than ETV (52% failure and
5% of infections). ETV and VPS were shown to be equally
effective for managing hydrocephalus [6]. A prospective
study comparing ETV (115 children) and shunt (43 chil-
dren) as index surgery in aqueductal stenosis before 2 yrs of
age reported ETV success rates of 68, 66, and 64% versus
shunt success rates of 95, 83, and 79%, at 3, 12 and 36 mo,
respectively [7]. With an adjusted hazard ratio, the failure
risk appeared significantly higher for ETV within 3 mo post-
surgery and in the event of prior shunting [7, 8]. The failure
risk was also higher at younger age (especially before 6 mo)
regardless of treatment type [7-9]. Overall, ETV remains
a reasonable choice [7]. In our study, the ETV failure was
41% for children 0-6 mo of age at surgery, 67% for children
6-12 mo, 60% for children 1-2 yrs and 55% for those over
2 yrs old.

Several studies attest to the superiority of ETV combined
with choroid plexus cauterization, primarily developed in
Sub-Saharan Africa, given that shunt failure can be con-
sidered a death sentence in that region due to lack of health
care facilities. This procedure is currently gaining increasing
interest in developed countries [10-15].

Epilepsy

Epilepsy in hydrocephalus children appears to be related to
associated brain abnormalities or encephalopathy sequelae,
observed in up to 14% of cases in some studies [16]. Epi-
lepsy affected 20% of our patients, principally concerning
PMH and PHH, namely aetiologies with severe brain seque-
lae, as previously reported in the literature [17]. Conversely,
in one published study, children with aqueductal obstruction,
cysts, and encephaloceles presented the worse outcomes and
highest epilepsy burden (33 and 29% vs. 17% for the entire
population, respectively), though many suffered from associ-
ated brain malformations [18].
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School and future

The future of children presenting with early-onset hydro-
cephalus should always be questioned, as predicting their
outcome appears challenging. In our study, 61% of children
progressed and developed fairly well, especially those with
aqueductal stenosis, cyst, and unknown or miscellaneous
obstructive causes. Among these, 43% attended normal
schools and 24% received special education, whereas 7%
were unable to attend any school. These results are in line
with previously-published studies. Among these, 41-67% of
children subsequently attended ordinary school and 33-50%
received special education as necessary, whereas 7-9%
were unable to enrol in schooling [16, 19, 20]. Overall, 20%
required special education for motor deficits [10], compared
to 18% of our own population. Paulsen et al. found that one-
third of studied cases attended university versus 41% within
the general population. However, spina bifida patients and
adults with an intelligence quotient below the normal range
were excluded from study participation [5]. In addition, 44%
accomplished professional training, 45-56% were socially
independent, whereas 20% required professional assistance
[19, 20]. Any significant difference in outcome depending
on aetiology could not be demonstrated [19]. It should, how-
ever, be noted that patients with hydrocephalus treatment in
infancy displayed slightly lower quality life scores than the
control group, whereas those that additionally suffered from
epilepsy or cerebral palsy scored the lowest [5].

To conclude, isolated obstructive hydrocephalus, e.g.,
aqueductal stenosis, arachnoid or choroid cysts, and hydro-
cephalus of unknown origin, seems to be associated with
more manageable outcomes. In brain tumours, the outcome
is overshadowed by the tumour prognosis itself. Concern-
ing spina bifida patients, their outcome seems to be related
to hydrocephalus occurrence, being inversely related to
the lesion level [21, 22]. Dandy-Walker syndrome can be
associated with other central nervous system (CNS) mal-
formations, which may negatively impact child development
[23]. PIVHH and prematurity, as well as PHH and PMH,
can cause severe brain injury via ischaemia and atrophy.
Preterm child development is impaired by hydrocephalus
in clear correlation to its severity (shunted vs. arrested vs.
none) [24].

Thus, whilst outcomes appear affected by hydrocephalus
aetiology, they are even more impacted by complications,
associated CNS malformations, and secondary CNS lesions.

Early treatment of symptomatic hydrocephalus has sig-
nificant impact on future evolution. Although published
literature does not provide enough data to confirm a signifi-
cant QOL difference between ETV and VPS patients [25],
it must be emphasised that children treated by ETV exhibit
fewer complications, while also less frequently needing sur-
gical revision or further hospitalization. VPS placement in
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these children is, however, not necessarily associated with
comparatively more complications and poor outcome, as
many patients implanted with a shunt experience a fairly
good clinical progression. Pure obstructive hydrocephalus is
more likely to be successfully treated by ETV. It is thus rea-
sonable to attempt ETV in all possible cases of obstructive
aetiologies, with the aim of providing these children with
the chance to live without a shunt and the associated com-
plication risks, despite ETV’s lower success rate. With close
follow-up, VPS can be performed as soon as ETV failure has
been noticed. In the event of congenital aqueductal stenosis
diagnosed prenatally, without any other brain abnormality,
it appears judicious to reassure the future parents, given that
ETV is most likely to be successful, with relatively good
developmental prognosis.

Limitations

Though 142 patients were included in the trial, they were
divided into 11 differently sized groups, some particularly
small. As a result, statistical analysis and comparison among
groups were rendered difficult. Also, due to the retrospec-
tive design of the study, not all information was available
for all patients.
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