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Abstract

Aims: To analyse trends in the live-birth prevalence of infantile hydrocephalus and
hydrocephalus associated with myelomeningocele (MMC) during the period 1989-
2002 and to study the outcome in terms of learning disability, cerebral palsy, epilepsy
and visual deficits. Another objective was to explore motor function and disability
profiles in various actiological and gestational-age subgroups and to see whether treat-
ment complications and neuroradiological findings correlate with outcome.
Material and methods: A population-based study of all 262 live-born children with
infantile hydrocephalus and hydrocephalus associated with MMC born in 1989-2002
in western Sweden. Actiological and clinical information was collected from medical
records, neuroimaging and ophthalmological examinations. A subgroup of 114 chil-
dren were clinically examined and interviewed.

Results: The live-birth prevalence of hydrocephalus was 0.77 per 1,000 live births,
0.48 for infantile hydrocephalus and 0.29 for hydrocephalus associated with MMC.
The prevalence of infantile hydrocephalus decreased from 0.55 in 1989 to 0.48 per
1,000 in 2002, while that of MMC decreased from 0.35 to 0.16 per 1,000 during the
same period. The prevalence in children born extremely preterm increased dramati-
cally, with a gestational-age-specific prevalence of 13 per 1,000 in 1989 compared
with 45 per 1,000 live births in 2002. During the same period, the perinatal mor-
tality in these children decreased from 40 to 15 per 1,000 live births. A ventriculo-
peritoneal shunt was the first surgical intervention in 230 children (88%), while an
endoscopic ventriculostomy was performed in 31 (12%). At least one surgical revision
was required in 64% of the children. Of children with infantile hydrocephalus, 63%
had at least one associated impairment, compared with 33% in the MMC group,
apart from the consequences of the spinal lesion. Visual and other ophthalmological
impairments were identified in the majority of the children. Very preterm birth was
associated with a high risk of visual impairment. No child with normal neuroimaging
had any associated neurological or visual impairment, compared with eleven of twelve
with impairments in children with generalised parenchymal lesions.

Conclusions: A decrease in the prevalence of infantile hydrocephalus was noted dur-
ing the period 1989-1998, but it did not continue in 1999-2002. The stagnation was
mainly explained by the increased survival of children born extremely preterm with
post-haemorrhagic hydrocephalus. The aetiology of the hydrocephalus and gestational
age at birth were important for outcome. The majority of the children had some as-
sociated neuroimpairment, such as learning disability, cerebral palsy or epilepsy, and
more than three-quarters had ophthalmological abnormalities. Neuroimaging was
found to be useful for aetiological, treatment and outcome considerations.
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Abbreviations

Abbreviations

CSF cerebrospinal fluid

CT computed tomography

ETV endoscopic third ventriculostomy

ICF International Classification of Functioning, Disability and Health
ICP intracranial pressure

IH infantile hydrocephalus.

IQ intelligence quotient

ICIDH International Classification of Impairment Disability and Handicap
MMC myelomeningocele

MRI magnetic resonance imaging

SD standard deviation

VA-shunt ventriculoatrial shunt

VA visual acuity

VP-shunt ventriculoperitoneal shunt

WHO World Health Organization

WISC-III Wechsler Intelligence Scale for Children-III

WPPSI-R Wechsler Preschool and Primary Scale of Intelligence-Revised
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Introduction

Introduction

Hydrocephalus was described by Hippocrates (466-377BC) and by early and me-
dieval physicians, who believed that the disease was caused by the extracerebral ac-
cumulation of water. There is no evidence of surgical procedures during that period.
In the tenth century, the evacuation of intracranial fluid in hydrocephalic children
was described (Aschoff et al. 1999). In the late nineteenth century, the knowledge of
surgery and pathophysiology made interventions possible. During the first decades
of the twentieth century, various kinds of shunt system were tested (Aronyk 1993),
with high failure and complication rates. In 1922, Dandy described an open ventric-
ulostomy procedure performed via a lateral subtemporal approach, but the mortality
rate was high (Dandy 1945). In 1923, Mixter described the endoscopic perforation
of the floor of the third ventricle, endoscopic third ventriculostomy (ETV), but it
was not a success because of technical problems and complications (Mixter 1923)
and for many decades ETV was not used. During the last decade, ventriculosto-
my has once again been used more frequently as an alternative to shunt treatment.
Around 1960, the use of shunts became more common, as materials and techniques
had improved. The use of modern shunts resulted in a reduction in mortality from
50% to about 10% (Hadenius et al. 1962).

Before the shunt era, many of the children did not receive any surgical treatment and
were taken care of at home or in institutions. The natural history of untreated hydro-
cephalus was poor. In a study from 1962 by Hadenius and Hagberg (Hadenius et al.
1962), 180 children with untreated hydrocephalus were examined during their first
year of life and were then followed for between three and 20 years. At the follow-up,
fewer than half of them were alive and half that group was found to have mental
retardation. It needs to be remembered that hydrocephalus is still an untreatable
condition in most of the developing countries.
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The incidence of hydrocephalus varies in epidemiological studies from different parts
of the world. In Saudi Arabia, a prospective study from 1996-1997 reported a birth
prevalence of 1.6 per 1,000 live births (Murshid et al. 2000). Children with neural
tube defects were excluded and all the children were diagnosed within the first 28
days of life. In spite of this, the incidence was much higher than in the developed
countries during the same period. In a study from Utah in 1940-1979 (Blackburn
and Fineman 1994), the incidence of congenital hydrocephalus was 0.7 per 1,000
live births, which is more in accordance with the results in Swedish studies.

There has been an interest in epidemiological studies of childhood hydrocephalus
in Sweden for many decades. Hagberg et al. published a study in 1963 (Hagberg et
al. 1963) in which the incidence of hydrocephalus with an onset before the end of
the first year of life was found to be 0.85 per 1,000 live births, excluding those with
myelomeningocele (MMC). Since then, follow-up studies have been conducted in
the western part of Sweden by Fernell and co-workers (Fernell et al. 1986, Fernell et
al. 1994). During the first few decades, interest focused on children with infantile
hydrocephalus, but, since 1989, children with hydrocephalus associated with MMC
have also been included (Persson et al. 2005).

There was a significant increase in prevalence from 1979 to 1986 and this was thought
to be due to the enhanced survival of children born very preterm (Fernell et al. 1994)
with a high risk of developing hydrocephalus with intraventricular haemorrhage as
the cause. The increase did not continue in the following years, probably due to the
improved perinatal care of these high-risk infants.

In children with hydrocephalus associated with MMC, the prevalence has decreased
during the last few decades, mainly due to the increased use of eatly prenatal ultra-
sonography, leading to the termination of MMC pregnancies (Bygdeman and Ahle-
nius 2005). The improved maternal nutrition and addition of folic acid before and
early in pregnancy have probably contributed to the decrease, but the enrichment of
flour is still not in use in Sweden and this has therefore not played an important role
in the decreasing prevalence (Honein et al. 2006).

The outcome in terms of learning disabilities, cerebral palsy, epilepsy and visual
impairments varies in the subgroups and different gestational age groups of children
with hydrocephalus. Children born preterm with a risk of cerebral haemorrhage are
more vulnerable and have neuroimpairments in the majority of cases (Fernell et al.
1994), while another subgroup with an increased risk of a poor outcome comprises
children with hydrocephalus present already at birth (Fernell et al. 1987).
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Background

Hydrocephalus is a clinical entity in which a disturbance in the circulation of the
cerebrospinal fluid (CSF) causes the accumulation of intraventricular CSF, resulting
in progressive ventricular dilation (Mori et al. 1995). It is characterised by increased
intracranial pressure, increased CSF volume and the dilation of the CSF spaces. The
diagnosis is based on the analysis of the size of the ventricles. The ventricles can also
be enlarged due to atrophy of the brain and this condition has to be distinguished
from hydrocephalus.

In infants with open sutures between the skull bones, the diagnosis can be made
clinically by measuring an increase in head circumference. In older children with
closed sutures, there is a compression of the peripheral CSF spaces, which can be
seen using neuroimaging (Evans 1942).

In the majority of cases, the physiological mechanism underlying hydrocephalus is
an obstruction of the CSF circulation, reduced re-absorption and, in a few cases, the
overproduction of CSF. Hydrocephalus can be classified into communicating and
obstructive forms; the difference is whether or not there is a free flow of CSF from
the ventricles through the aqueduct and foramina to the spinal compartment (Dan-
dy 1920). Dandy stated that almost every kind of hydrocephalus could be called
obstructive, as it is the CSF absorption that is obstructed in communicating hydro-
cephalus. Several mechanisms lead to the obstruction of the CSF flow; they include
primary malformations, haemorrhages and post-infectious scarring.

CSF is produced by the choroid plexus of the lateral, third and fourth ventricles.
The production is approximately 10 ml per hour, corresponding to 200-250 ml a
day in a small child, and it increases to about 20 ml an hour or 400-500 ml a day
in adolescents (Yasuda and Tomita 2002). The total CSF volume depends on the
age of the person and is about five ml in a newborn child and reaches the “adult”
volume of 80-150 ml at the age of about five years. The CSF flows through the third
ventricle and the cerebral aqueduct to the fourth ventricle and through the foramen
of Magendie and the lateral foramina of Luschka into the subarachnoid space. The
narrowest passage in the ventricular system is the cerebral aqueduct or the aqueduct
of Sylvius. The CSF flows around the tentorium and is thought to be re-absorbed
into the venous system through arachnoid villi into the sagittal sinus. Some of it
flows down towards the lumbar subarachnoid space and has recently been shown by
Edsbagge and co-workers (Edsbagge et al.2004) to be re-absorbed from the spinal
canal as well. The CSF is important as it protects the brain and the spinal cord,
regulates the intracranial pressure (ICP) within physiological limits and regulates
the extracellular environment in the brain (Emerich et al. 2005).

Hydrocephalus is a complex disorder with a significant impact on the brain not only
macroscopically. It has an effect on physiology, biochemistry and on the ultrastruc-
ture of the brain. The macroscopic changes lead to the distortion of structures, such
as the compression of white and grey matter. The cerebral blood vessels may be af-
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fected and this may result in the reduction of the cerebral blood perfusion. These
changes are important for the severity of the consequences of hydrocephalus.

The mechanism behind the ventricular enlargement has been a matter of discussion.
A possible transmantle pressure gradient with higher pressure inside the ventricles
than over the convexity has been postulated. Stephensen (Stephensen et al. 2002)
and co-workers, however, found no such pressure gradient. They were able to explain
the measured pressure difference as the hydrostatic pressure difference. In a study
by Greitz and Greitz (Greitz et al. 1997), the ventricular dilation in communicating
hydrocephalus was explained by disturbances in hemodynamics by processes caus-
ing reduced compliance of the arteries, such as arteritis and spasm, reduced compli-
ance of the subarachnoid space, as in meningitis and arachnoiditis, and reduced
compliance of the intracranial space. Obstructive hydrocephalus was explained by
processes restricting the intraventricular CSF flow leading to an increased amount
of CSF not being absorbed and resulting in enlarged ventricles.

The ventricular expansion displaces the surface of the brain and compresses the
cortical veins, leading to venous congestion and a subsequent increase in ICP. The
expansion of the ventricles also affects the surrounding brain structures and the in-
crease in ICP may cause cerebral oedema affecting the white matter and eventually
also the grey matter.
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Factors such as age at onset, the duration of disease and aetiology are also essential.
The stage of maturation at the time of hydrocephalus is of importance, as the brain
is still developing. Many maturational processes are affected in a negative way; they
include the myelination process during which protective sheaths are formed around
axons (Flechsig 1901). This is vital for the function of the brain and is negatively
affected by the increase in ICP in hydrocephalus.

The white matter, especially in the periventricular region, is affected by compres-
sion and this is more obvious in young children than in older persons. There is also
a thinning of the corpus callosum and of the cerebral cortex. The reduction in the

corpus callosum and the internal capsule is of specific importance for cognition
(Fletcher et al. 1992).

Brain development

There is a classification system for congenital hydrocephalus in the “Perspective
Classification of Congenital Hydrocephalus™ (Oi et al. 1994), where each of the
clinico-embryological stages reflects the process of the neuronal maturation in the
hydrocephalic child from stage I-V.

I: Week 8-21. The main process is neuronal proliferation.

IT: Week 22-31. Cell differentiation and migration are the main processes during
this period.

III: Week 32-40. Axonal maturation is the main process. This is a period during
which hydrocephalus may develop.

IV: Week 0-4 postnatally. Dendritic maturation is the main process.
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V: Week 5-50 of postnatal age. Myelination is the main process.
Stages IV-V are the main periods for the development of infantile hydrocephalus.

Definitions and classification

Definitions

Hydrocephalus was defined as ventricular expansion due to elevated intraventricular
pressure with an increased amount of intraventricular cerebrospinal fluid, mani-
fested during the first year of life.

Prenatal referred to the period before the onset of labour, perinatal from the onset
of labour resulting in delivery to the 28" day of life and postnatal to the period from
day 29 up to the age of one year. A prenatal origin was considered in the presence of
prenatal malformations or maldevelopments of the CNS explaining the hydroceph-
alus, a perinaral origin was considered in the presence of perinatal intraventricular
haemorrhage or infection and a postnatal origin was considered in the case of obvious
postnatal events.

Children born at zerm were those born after 36 completed weeks of gestation, moder-
ately preterm birth comprised those born between 32 and 36 weeks of gestation, very
preterm were those born between 28 and 32 weeks and exzremely preterm those born
before 28 completed weeks of gestation.

Hydrocephalus overt at birth was defined as congenital hydrocephalus with a head
circumference larger than +2S8D above the mean both for gestational age and for
birth length (Fernell et al. 1987).

Cerebral palsy was defined according to the criteria proposed by Mutch et al. (Mutch
et al 1992), while epilepsy was defined as two or more unprovoked epileptic seizures.
Mental retardation was defined as an IQ measured or estimated to be less than 70
according to ICD 10.

Infantile hydrocephalus: hydrocephalus not associated with MMC or with malignant
tumours and developing during the first year of life (Fernell et al. 1986). Different
malformations such as Dandy-Walker, X-linked hydrocephalus, arachnoidal cysts
and aqueductal stenosis belong to this group, as do post-infectious and post-haemor-
rhagic hydrocephalus.

Post-haemorrhagic hydrocephalus: arachnoiditis is caused by the blood and haemor-
rhagic debris in the ventricles that most often obliterates the posterior fossa or the
aqueduct of Sylvius.

Post-infectious hydrocephalus: obstructions in various parts of the CSF pathways that
may result in increased intracranial pressure and hydrocephalus. The various infec-
tious agents and treatment of the infection are important for outcome.
Hydrocephalus associated with MMC: several factors are important for the pathogen-
esis of hydrocephalus. The Arnold-Chiari type II malformation with an abnormal
disposition of the brain stem, a deformity of the posterior fossa, where the cerebellar
tonsils prolapse through the foramen magnum and the fourth ventricle is displaced.
Other factors are aqueductal stenosis as a consequence of the Arnold-Chiari II mal-
formation and the distal tethering of the spinal cord in the MMC, displacing poste-
rior fossa structures downwards (Boltzhauser et al. 2002).

The surgical closure of the MMC is related to the development of hydrocephalus in
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various ways. One-third of the children already have hydrocephalus at birth (Pers-
son et al. 2005) and there have been studies on the intrauterine repair of MMC.
The children developed hydrocephalus in 59% of the cases compared with 91% of
children with a post-partum closure of the MMC (Bruner et al. 1999).
Hydrocephalus associated with malignant tumours in the posterior fossa: not included
in the studies.

Treatment

The treatments of hydrocephalus in the early twentieth century with shunts of dif-
ferent kinds, plexus coagulation and ventriculostomies of various kinds were not
successful (Shapiro et al. 1972, Torkildsen 1939, Ziemnovicz 1950). The mortality
rate was high and the developmental outcome poor. The results of treatment from
the first half of the twentieth century were evaluated by Hagberg (Hagberg 1962)
and Laurence and Coates (Laurence and Coates 1962). The mortality rate varied
from 45% to 53% in the different studies. During the fifties, the treatment gradu-
ally improved, more and better shunts were introduced and there was a therapeutic
breakthrough. The mortality rate decreased successively to about five to 15%.

Most patients today are treated with a ventriculo-peritoneal shunt. Ventriculo-atrial
shunts have not become very popular because of the higher risk of complications
(Horwitz and Rizzoli 1982). During the last fifty years, valves of various kinds have
been developed, differential pressure valves, followed by adjustable flow-regulated
valves, gravitational and antisiphon valves and devices. Most shunt systems con-
sist of a proximal catheter, a reservoir, a valve to regulate pressure and flow and a
distal catheter ending most commonly in the peritoneal cavity where the CSF is

absorbed.

The insertion of a CSF shunt is a common procedure at neurosurgical centres. The
equipment that is used is a proximal catheter, which usually has several openings.
The catheter is placed in the ventricle that is going to be drained. Shunts often fail
because the catheter is occluded by some tissue. Reservoirs are used for measuring
pressures, for pumping and to check if the shunt is working and to obtain fluid sam-
ples percutancously. In very preterm children with ventricular dilation associated
with intraventricular haemorrhage, the temporary use of a subcutaneous reservoir or
repeated lumbar punctures have delayed the implantation of a ventriculo-peritoneal
shunt to prevent the risk of infection, mechanical obstruction (de Vries et al. 2002)
and awaiting the spontaneous resolution of the hydrocephalus, which is common
in this situation (Volpe 1981). This can prevent parenchymal injury and have an
important effect on the neurodevelopmental outcome.

Ventriculostomy has been more commonly used during the last 10-15 years. The
principle is to perform a stoma in the bottom of the third ventricle and from there
lead the CSF to the subarachnoid spaces where it can be re-absorbed. There are
advantages to this procedure, as it is not very invasive and foreign materials are not
left in the ventricles, which minimises the risk of infection. The ventriculostomy re-
mains open in many patients, but occlusions may occur (Dalrymple and Kelly 1992).
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Re-ventriculostomy can be performed and it has the same success rate as the first
operation (Cinalli et al. 1999). Age limits and indications for ventriculostomy have
been the subject of discussion and many people (Navarro et al. 2006, Scarrow et
al. 2000) claim that it should be used only for aqueductal stenosis in children more
than one year of age. Others (Buxton et al. 1998) argue that it is the aetiology and
not the age that is important for outcome.

In recent years, ETV has been used more frequently all over the world. In Uganda,
for example, it is used together with plexus cauterisation to eliminate the risk of
shunt complications which are difficult to handle in the developing countries (Warf
2005). Improvements in technology and neuroradiology have made ETV safer, with
reduced morbidity and mortality rates (Drake 1993, Jones et al. 1994).
Complications

The failure rate for all implanted shunts has been reported to be about 40% by one
year and 50% after two years (Kestle et al. 2000). There are some predictive factors
for repeated shunt failure — the age of the patient at the initial operation and the time
interval since the prior surgical revision (Tuli et al. 2000). The risk of shunt infec-
tion is 8-10% during the first months in large trials (Enger et al. 2003). It is highest
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during the first two months after surgery and 90% of these infections occur during
the first six months (Baird et al. 1999). Infectious complications are responsible for
increased morbidity and mortality and lengthy hospitalisation periods.

The non-infectious shunt complications include obstructions, over-drainage, me-
chanical failures, ventricular loculations and abdominal complications. Obstruction
can occur at any time after shunt surgery. The most common forms of late shunt
failures are fractures of the catheter, over-drainage and abdominal complications
such as pseudocysts or perforations.

An isolated fourth ventricle is a serious complication after the surgical treatment
of posthaemorrhagic hydrocephalus in children born preterm. It is caused by the
excessive drainage of CSF via a shunt system changing the CSF pathways, which
results in the isolation of the fourth ventricle. One course of treatment for this could
be the endoscopic placement of a stent in the aqueduct, as suggested by Cinalli et al.
(Cinalli et al 2006).

Neuroradiology

Neuroradiological examinations are important when it comes to clarifying the ae-
tiology, planning the surgical intervention and following the changes in ventricular
size.

The ventricles become enlarged as a result of accumulated CSF. In acute hydroceph-
alus, the ventricles may not have expanded because of the rapid progress, whereas,
in more slowly progressing hydrocephalus, the ventricles can get very large. There
are different neuroradiological examinations that can be used, depending on the
purpose, the age of the child and whether or not the anterior fontanel is closed.

Ultrasonography

This is the screening procedure in small children when the anterior fontanel is still
open. It can also be useful for follow-up after treatment to check the ventricular size.
It is difficult to obtain an impression of the third and fourth ventricles using this
method and, to clarify actiology, other neuroimaging modalities are often needed.

Computed tomography (CT)

CT is excellent for analysing the sizes of the ventricles and, when the ventricles are
enlarged, to distinguish hydrocephalus from atrophy. In children older than two to
three years of age with a closed anterior fontanel, hydrocephalus is usually associated
with the compression of the subarachnoid spaces, which can be visualised using CT.
However, in communicating hydrocephalus, the subarachnoid spaces may appear
normal. After shunting, a CT scan is often suflicient as a follow-up investigation.

Magnetic resonance imaging (MRI)

This imaging modality is the preferred method, as it does not expose the child to
radiation and it is sensitive in the detection of parenchymal lesions and in revealing
the aetiology of the hydrocephalus. To some extent, it can also visualise the CSF
flow to investigate the patency of the aqueduct or after ET'V.

21



Background

22

A. Ultrasonography of the brain of a child born
preterm with a periventricular haemorrbagic
infarction.

B. Computed Tomography (CT) of hydroceph-

alus with ventricular dilation.

C. Magnetic resonance image of hydrocephalus
caused by aqueductal stenosis.



Outcome

Outcome

Cognition

In a study from 1962 of children with untreated hydrocephalus, the survival to
adult life was around 20% and only 38% of them had IQ scores in the average
range (Laurence and Coates 1962). The intellectual performance is affected even if
the hydrocephalus is treated and the overall IQ is in the low-average range or below
(Heinsbergen et al. 2002, Lindquist et al. 2005, Lumenta and Scotarczak 1995)
As a group, children with MMC have higher IQ scores than other subgroups with
hydrocephalus (Hoppe-Hirsch et al. 1998, Kao et al. 2001). The verbal intelligence
is often better preserved than the non-verbal (Dennis et al. 1981, Lumenta and
Scotarczak 1995, Riva et al. 1994), but an advanced vocabulary does not always
correspond to an understanding of the meaning of words or the context and these
children often have problems with pragmatics and discourse (Brookshire et al. 1995,
Dennis et al. 1994, Taylor et al. 1960).

Many children with hydrocephalus have problems with visual perception, visuo-
construction, visuo-orientation and recognition of faces (Houliston et al. 1999).

It is also common for them to have problems with executive functions such as plan-
ning, organisation and using strategies (Fletcher et al. 1996).

Attention

Early-onset hydrocephalus is frequently associated with behavioural problems (Den-
nis et al. 1981, Fernell et al. 1987, Lindquist et al. 2006, Lumenta and Scotarczak
1995). Behavioural problems have been reported in as many as 40% of children with
hydrocephalus (Connell and Mc Conell 1981, Fernell et al. 1991, Lindquist et al.
2006) and autism spectrum disorders are common (Fernell et al 1991, Lindquist et
al. 2006). The children do not always perceive these problems themselves.

Few studies have focused on attention processes in children with hydrocephalus,
but, in a study from 1996, Fletcher (Fletcher et al. 1996) showed that children with
hydrocephalus had deficits in selective and focused attention. Children with MMC
have been found to be more easily distracted and inattentive than controls (Tew et
al. 1980, Vachha and Adams 2005).

Motor function

Motor impairments are common. In a study by Hoppe-Hirsch (Hoppe-Hirsch et al.
1998), 60% of children with surgically treated hydrocephalus had some motor defi-
cit at follow-up. This was well in accordance with a study by Heinsbergen, in which
61% of the children with surgically treated hydrocephalus had a musculoskeletal
dysfunction (Heinsbergen et al. 2002). The aetiology and gestational age at birth
have an important effect on the severity of the motor disability. Many children born
preterm with hydrocephalus after a perinatal cerebral haemorrhage develop cerebral
palsy. Fernell (Fernell et al 1987) found cerebral palsy in 47% of 61 children with
hydrocephalus born preterm, compared with 26% of those born at term (Fernell et
al. 1988a). There was a significant correlation between the motor dysfunction and
the origin of the hydrocephalus.
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In children with MMC, the motor function is dependent on the spinal lesion and
about half these children learn to walk, with or without aid (Bowman et al 2001).

Epilepsy

Children with hydrocephalus often have a convulsive disorder. Fernell (Fernell et
al.1988a, Fernell et al. 1988b) reported epilepsy in 22% of children with hydro-
cephalus born at term and 33% of children born preterm. A higher rate was found
by Kokkonen (Kokkonen et al. 1994), who reported that 54% of those with hy-
drocephalus that had been shunted during childhood had been treated for epilepsy
before 25 years of age.

The aetiology of the hydrocephalus and the presence of neuroradiological abnor-
malities in the brain parenchyma have an important impact on the risk of develop-
ing epilepsy. In some studies, the presence of a shunt appears to increase the risk of
developing seizures. Most of the seizures are of the partial type and involvement of
the side contralateral to the shunt placement has been suggested by some to indicate
shunt-related cortical injury (Bourgeois et al. 1999, Klepper et al. 1998). This has
been contradicted by Saukkonen, who found no correlation between the side of the
shunt insertion and the epileptogenic activity on the EEG (Saukkonen et al. 1990).

Vision

In children with hydrocephalus, the dilation of the ventricles and the increase in
ICP can cause damage to the occulomotor pathways, the optic nerves and the optic
radiation, which can explain why many children have visual impairments. The pos-
terior visual pathways are close to the lateral ventricles and may be damaged by the
dilation of the ventricles. Optic atrophy can result from the traction or compression
of the optic nerve (Moore 1990). Other visual impairments, such as reduced visual
acuity, visual field defects and strabismus, have been described in several studies
(Biglan 1990,Lorber 1967, Mankinen-Heikkinen and Mustonen 1987,), as well as
visual perceptual problems (Houliston et al. 1999). In a population of surgically
treated children with hydrocephalus, Aring (Aring et al. forthcoming) found stra-
bismus in 69% and nystagmus in 44%; these are high rates compared with other
studies (Biglan 1990, Mankinen-Heikkinen and Mustonen 1987,). In an earlier
study by Fernell (Fernell et al 1988), the rate of strabismus was 32%, while 22%
had optic atrophy.

Other associated problems

Some children, about 15%, develop precocious puberty, which needs to be treated
in some cases, and recurring periods of headache, nausea and somnolence are not
uncommon.

Special problems in children with MMC

Children with MMC have a complex situation. As a consequence of the spinal le-
sion, they have a variety of problems apart from the hydrocephalus (Verhoef et al.
2005). They have a neurogenic bladder and bowel dysfunction and need specialist
care and follow-up throughout their lives (Mattson and Gladh 2005). Their motor

24



Outcome

impairment is often prominent and many deteriorate as they grow up. About half
the children manage to walk by themselves, some with aid (Bowman et al 2001).
Their upper limb function is also frequently affected and the cause of this has been
discussed by Nortlin et al., for example (Norrlin et al. 2003). They often develop
scoliosis and there is a risk of progressive neurological symptoms due to the tethered
cord syndrome.
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Aims
Aims
General: to investigate the live-birth prevalence, aetiology, treatment and clinical

outcome in children with hydrocephalus treated surgically during their first year of
life and born in 1989-2002 in western Sweden.

Specific:

1. To analyse trends in the live-birth prevalence of hydrocephalus during the
14-year period 1989-2002. To see whether the decreasing trend of
infantile hydrocephalus in children born preterm continued and whether
the prevalence of hydrocephalus associated with MMC diminished

2. To study outcome in terms of learning disabilities, cerebral palsy and
epilepsy in different aetiological subgroups and gestational age groups of
children with hydrocephalus

3. To explore motor function and impact on participation in various
actiological and gestational age subgroups in a 10-year cohort of children
with hydrocephalus

4. To analyse whether modern neonatal care and neurosurgical technique
have reduced mortality, morbidity and complications

5. To see whether neuroradiological findings correlate with outcome

6. To study the ophthalmological consequences of hydrocephalus and their

relationship to actiology and brain lesion patterns
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Subjects

Subjects and methods

The study area was the western part of Sweden, the counties of Vistra Gotaland,
Virmland and Halland, an area with 2.03 million inhabitants comprising 23% of
the total population of Sweden, 8.9 million people. The study population comprised
the 335,394 live births in the area during the 14-year period 1989-2002.

The identification of children with hydrocephalus was based on the assumption that
all children with these conditions had been referred to a paediatric clinic and reg-
istered with a diagnosis of hydrocephalus according to the Swedish version of the
International Classification of Diseases 1987 (ICD9) and 1997 (ICD10). All the
registers at the paediatric departments and at the single neurosurgical unit in the
region were scrutinised and all the children fulfilling the criteria for hydrocephalus
with a need for surgical treatment and who were born in the study area were in-
cluded in the study.

Hydrocephalus was defined as the presence of a condition with ventricular expan-
sion due to elevated intraventricular pressure and an increased amount of intraven-
tricular cerebrospinal fluid manifested during the first year of life. Two groups were
identified; simple or infantile hydrocephalus not associated with MMC or intracra-
nial malignant tumours and hydrocephalus associated with MMC.

262 children with hydrocephalus born in western Sweden 1989-2002
- Infantile hydrocephalus n = 163
- Hydrocephalus associated with MMC n = 99

 ;  ;

I: Epidemiology, treatment and outcome III: Epidemiology, treatment and outcome
208 children born 1989-98 54 children born 1999-2002

- Infantile hydrocephalus n = 124 - Infantile hydrocephalus n = 39

- Hydrocephalus associated with MMC n = 84 - Hydrocephalus associated with MMC n = 15

]

1V: Visual and visuoperceptual dysfunction
75 children born 1989-93

- Infantile hydrocephalus n = 47

- Hydrocephalus associated with MMC n = 28

1I: Clinical examination and outcome

114 children born 1989-93 and 1995-98

- Infantile hydrocephalus n = 70

- Hydrocephalus associated with MMC n = 44
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Paper [

The study group consisted of 208 infants born alive during the period 1989-1998
and fulfilling the criteria for infantile hydrocephalus (n=124) or hydrocephalus as-
sociated with MMC (n=84). In the infantile group, boys dominated: 77 boys vs. 47
girls. In the MMC group, there were 44 boys and 40 girls.

The mean age of the children at the latest follow-up was eight years (range 2-13
years).

Eleven of the 208 children had died during their first years of life, six with infantile
hydrocephalus and five with MMC.

Paper IT

The study group comprised 114 children from a population-based series of 176 chil-
dren born during the periods 1989-1992 and 1995-1998 in the western health care
region of Sweden. Ten children had died before the study, five with infantile hydro-
cephalus and five in the MMC group, while another 52 of the remaining 166 (31%)
children had either moved out of the region (n=20) or were unwilling to participate
(n=32). These 62 children did not differ in terms of gender or actiology but were
more often born very preterm, 21 per cent vs. six per cent. There were 63 boys and
51 girls and their mean age at the time of the clinical examination was eight years
(range 4-12 years).

Paper 1T

The study group consisted of 54 infants born alive during the period 1999-2002 and
fulfilling the criteria for infantile hydrocephalus (n=39) or hydrocephalus associated
with MMC (n=15). Among the children with infantile hydrocephalus, there were 25
boys and 14 girls, while there were nine boys and six girls among the children with
MMC. The children were followed prospectively from birth up to 2.5-6.5 years of
age (median 4 years and 3 months). Ophthalmological abnormalities were investi-
gated at the ages of one year and ten months to six years and five months (median 4
years and 4 months). Six of the 54 children had died during their first years of life.

Paper IV

From a population-based series of 103 children born in western Sweden during the
period 1989-1993 and fulfilling the criteria for infantile hydrocephalus or hydro-
cephalus associated with MMC, 75 children were included in the ophthalmological
follow-up. Six children had died shortly after surgery, five underwent treatment in
another region, 15 children declined participation and two had moved out of the
region. There were 47 children with infantile hydrocephalus and 28 with MMC, 41
boys and 34 girls, and the median age of the 75 children was nine years and four
months (range 7 years 4 months-12 years 10 months). There was a control group
of 140 children without disability, 76 boys and 64 girls aged four years to 15 years
(mean 9 years 10 months).
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Methods

Information about birth characteristics, as well as the aetiology of hydrocephalus,
treatment, complications and additional major impairments, was obtained from re-
cords from rehabilitation centres and paediatric and neurosurgical departments in
Papers I-IV.

Information about cognition was gathered from clinical records and from neuro-
psychological tests in the form of the Wechsler Intelligence Scale for Children-II1
(Wechsler 1991), developed for ages six to 16 years, and the Wechsler Preschool
and Primary Scale of Intelligence-Revised (Wechsler 1992), for children aged three
to seven years. The Griffiths Developmental Scales (Alin-Akerman and Nordberg
1980) were used for children aged below three years.

Information about the age at start of walking (Lundberg 1979), speech and ac-
companying neuroimpairments in Paper II was gathered from interviews with the
parents and clinical records.

In Paper II, all examinations, including Movement ABC, and the interviews with
the 114 children and their parents were made by the author (E-K P). Head cir-
cumference, weight and height were recorded. In children with MMC, height was
measured as arm span.

The standardised Movement Assessment Battery test for children (Movement ABC)
(Henderson and Sugden 1992) was used to test measure fine- and gross-motor func-
tion, including static and dynamic balance, in the 114 children in Paper II. The test
part consists of 32 items divided into four groups adapted to different age groups.
A score was given for each of the parts of the test, resulting in a total motor score.
Scores below the 5% centile indicate definite motor problems and scores between
the 5% and 15" centile indicate borderline motor functions. Of the 70 children with
infantile hydrocephalus, 68 were assessed with the complete test, whereas the 44
children in the MMC group only took part in tests of fine-motor function.

The impact of hydrocephalus on activities in daily life and participation was assessed
with the handicap code from the WHO’s International Classification of Impair-
ments, Disabilities and Handicaps (ICIDH) (World Health Organization 1980) in
Paper I1. It includes six dimensions; orientation, physical independence, mobility,
occupation (i.e. school for children), social integration and economy (not included
in this study). The dimensions are rated from 0 to 8. A total score was calculated as
the sum of the scores for the five dimensions divided by five.

In Papers I1I-1V; the various ophthalmological tests were performed by an ophthal-
mologist (SA) and an orthoptist. The best corrected visual acuity (VA) was tested
with the KM-books chart (Hedin and Olsson 1984), Kay’s charts (Kay 1983) at a
distance of three metres and, in the youngest children, the Cardiff chart (Adoh et
al. 1992) at a distance of one metre. Refraction was measured in cycloplegia, visual
fields were tested with the Goldmann perimetry and stereopsis was tested with the
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TNO test (Marsh et al. 1980). To detect strabismus, cover and uncover tests were
performed for near and distance fixation. The anterior segments were examined with
a slit lamp and nystagmus was noted. Indirect ophthalmoscopy and colour fundus
photography were performed after pupil dilation. Visuo-perceptual problems were
identified by structured history relating to five functions, namely recognition, ori-
entation, perception and movement through depth, perception of movement and
simultaneous perception (Houliston et al. 1999).

In Paper II, the records from the most recent neuroradiological examination from
95 of the 114 children were re-evaluated together with a neuroradiologist; they were
based on MRI in 20, CT scan in 73 and ultrasound in two children. Postoperative
follow-up information was missing in 19 cases. The mean duration between the last
surgical intervention and the most recent radiological examination was 2.5 years.
In Paper 111, all 54 children had a neuroradiological examination before the first
surgical intervention and after the latest revision evaluated by a neuroradiologist (L-
M W). The findings were categorised into five groups as 0: no parenchymal lesion,
I: small/moderate periventricular leukomalacia, II: extensive white-matter loss, I11:
focal white-matter loss with grey-matter lesions and IV: generalised severe white-
and grey-matter pathology.

Statistical methods

The frequency of hydrocephalus is expressed as prevalence per 1,000 live-born chil-
dren. For descriptive purposes, means, SD, range and median were determined. The
following statistical tests were used: Fisher's exact test and ¥? tests were used for
fourfold tables. For comparisons between two groups, the Mann-Whitney U-test
was used for ordered and continuous variables and Spearman’s rank correlation was
used for correlation analysis. The “trend in proportions” by Armitage (Armitage)
was used for trend analysis. The level of significance was set at p < 0.05.
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Results

Epidemiology

The epidemiological part of the study comprised all 262 live-born children with
surgically treated infantile hydrocephalus or hydrocephalus associated with MMC
born in 1989-2002 in western Sweden. The prevalence of hydrocephalus was 0.77
per 1,000 live births, 0.48 in children with infantile hydrocephalus and 0.29 for
children with MMC. The prevalence of infantile hydrocephalus decreased from 0.55
in 1989 to 0.48 per 1,000 in 2002 and in children with MMC from 0.35 in 1989 to
0.16 per 1,000 in 2002. The decreasing trend in children with infantile hydrocepha-
lus did not continue during the period 1999-2002, mainly because of the increased
survival of extremely preterm children with a high risk of developing hydrocephalus
after cerebral haemorrhage. During the same period, the prevalence of hydrocepha-
lus associated with MMC remained stable.
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Fig 1. The prevalence of hydrocephalus per 1,000 live births in western Sweden in children
with infantile hydrocephalus (IH) and hydrocephalus associated with myelomeningocele
(MMC) (birth years 1989-2002; three-year moving average).

In children with infantile hydrocephalus born at term or moderately preterm, the
prevalence decreased during the 14-year period, but, in those born very preterm, the
prevalence instead increased from 0.12 to 0.18 per 1,000 and this occurred during
the period 1998-2002, as shown in Fig 2.
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Fig 2. The prevalence of infantile hydrocephalus per 1,000 live births in different gestational
age groups (three-year moving average).

The changes in prevalence from 1989 to 2002 were most evident in children born
extremely preterm where there was an increase in the gestational age-specific preva-
lence from 13 to 45 per 1,000 live births. During the same period, the perinatal
mortality in children born extremely preterm decreased from 40 to 15 per 1,000
live births.
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Fig 3. The gestational age-specific incidence in children with hydrocephalus born extremely
preterm (< 28 weeks of gestation) in western Sweden, in relation to perinatal mortality
(birth years 1989-2002; three-year moving average).
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When the results were combined with those from the period 1967-1994, from the
same region, it was obvious that there was an increasing trend in infantile hydro-
cephalus up to the period 1987-1990, followed by a decreasing trend. The shift in the
trend mainly followed that of the very preterm group, where a significant increase
in the crude prevalence was seen between the periods 1967-1970 and 1983-1986 (p<
0.0001). It was followed by a significant decrease between the periods 1983-1986
and 1995-1998, when the crude prevalence was reduced in children born very pre-
term from 0.16 to 0.07 per 1,000 live births, (p < 0.05). During the last four-year
period, the prevalence in children born very preterm has again increased to 0.18 per
1,000 live births.
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Fig 4. The prevalence of surgically rreated infantile hydrocephalus in western Sweden
(birth years 1967-2002).

Aetiology

Of all the children with infantile hydrocephalus born in 1989-2002, 92 of 163
(56%) were born at term, 34 (21%) moderately preterm and 37 (23%) very or ex-
tremely preterm. Of the children with MMC, the majority, 82 of 99 (83%), were
born at term.

The pathogenetic period was prenatal in 189 of 262 (72%) of the children, perinatal
in 65 (25%) and postnatal in eight children (3%). The prenatal origin was mainly
various malformations such as aqueductal stenosis, arachnoidal cysts and MMC. In
children born very or extremely preterm (n = 37), all but two had a perinatal origin
in the form of a cerebral haemorrhage.
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Very preterm Moderately preterm Term Total
n=37 (%) n=51 (%) n=174 (%) n=262 (%)
Prenatal 2 (5) 37 (73) 150 (86) 189 (72)
Perinatal 35 (95) 12 (24) 18 (10) 65 (25)
Postnatal 0(0) 2(4) 6 (3) 8 (3)

Table 1. Aetiology of hydrocephalus in 262 children by gestational age groups (birth years
1989-2002).

Treatment

The first surgical procedure had been performed during the first month of life in 133
of 261 (51%) children, between one and six months in 107 (41%) and after the age
of six months in 21 infants (8%). Information was missing in one case. A ventriculo-
peritoneal shunt was the first surgical intervention in 230 children (88%) and ETV
was performed in 31 (12%). There was a need for at least one revision in 168 of 261
children (64%). In children initially treated with ETV, eleven of 31 (35%) did not
require any revision. Information was missing in one case.

The most common cause of revision was mechanical, followed by infection. In chil-
dren born in 1999-2002, an infection during the first six months after surgery oc-
curred in ten per cent.

Outcome

Additional neuroimpairments in the form of learning disabilities, cerebral palsy and
epilepsy, by gestational age in children with infantile hydrocephalus and hydro-
cephalus associated with MMC born in 1989-2002, are shown in Table 2.

IH MMC IH+ MMC
Extremely- Moderately Term Total IH Total
very preterm preterm
n=37 n=33 n=92 n=162* n=99 n=261*
(%) (%) (%) (%) (%) (%)
Learning dis- 25 (68) 20 (61) 29 (32) 74 (46) 16 (16) 90 (34)
abilities
Cerebral palsy 29 (78) 10 (30) 14 (15) 53 (33) 3(3) 56 (21)
Epilepsy 19 (51) 12 (36) 20 (22) 51 (31) 9(9) 60 (23)
Deaths 1(3) 1(3) 8(9) 10 (6) 7(7) 17 (7)
No impairment 2 (5) 11 (33) 47 (51) 60 (37) 66 (67) 126 (48)

* one child missing

Table 2. Outcome in 262 children with infantile hydrocephalus (IH) and hydrocephalus
associated with myelomeningocele (MMC) by gestational age groups. Information was
missing in one child born moderately preterm.
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Of the children with infantile hydrocephalus, 63% had at least one associated im-
pairment compared with 33% in the MMC group. All three major impairments,
learning disability, cerebral palsy and epilepsy, were significantly more frequent in
children with infantile hydrocephalus than in children with MMC. The rate of
impairments in children with infantile hydrocephalus increased with decreasing ges-
tational age at birch.

In Paper I, it was noted that the rate of revisions had an impact on outcome and
those children that had more than two revisions had significantly more associated
neuroimpairments, but this was not confirmed in Paper I, perhaps due to the small
number of children in that study.

Seventeen of the 262 children (6%) born in 1989-2002 died during their first years
of life, ten with infantile hydrocephalus and seven with MMC.

Cognition

Learning disability was found in 90 of 261 (34%) of the children with hydrocepha-
lus born in 1989-2002, 46% in children with infantile hydrocephalus and 16 per
cent in children with MMC. In children born preterm, learning disability was found
in 45 of 70 children (64%), most commonly in children born very and extremely
preterm where two-thirds had this impairment. Half the children examined clini-
cally in Paper II, with a prenatal origin and with hydrocephalus overt at birth, had
learning disabilities compared with 16 per cent of those who developed hydrocepha-
lus later.

Speech development, investigated in Paper II, was significantly less delayed in chil-
dren with MMC than in children with infantile hydrocephalus, in eight of 44 (18%)
compared with 34 of 70 (49%).

Motor function

Motor problems were common in both groups of children with hydrocephalus. In
children with infantile hydrocephalus in Paper I, 19 of 70 (27%) had cerebral palsy
compared with none in the MMC group. Fine- and gross-motor function was in-
vestigated in Paper I in 114 children born in 1989-1993 and 1995-1998. The aetiol-
ogy was infantile hydrocephalus in 70 and MMC in 44 children. In children with
infantile hydrocephalus, the start of walking was delayed and the median age for
independent walking was 16 months, while in the MMC group 23 of 44 were able
to walk, 13 of them autonomously.

The results according to Movement ABC revealed that three-quarters of the chil-
dren with infantile hydrocephalus performed below the 5% centile and therefore had
definite motor problems and, when children with cerebral palsy were excluded, 61%
still had definite motor problems. Children with MMC had specific problems due
to their spinal lesion and were only able to perform the fine-motor tests. Fine-motor
problems were evaluated in children with both infantile hydrocephalus and MMC
and the results are shown in Fig 5. In both groups, nearly three-quarters of the chil-
dren had definite motor problems.
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Fig 5. Total and fine-motor function in 68 children with infantile hydrocephalus (IH)
according to the Movement ABC and fine-motor function in 44 children with hydro-
cephalus associated with myelomeningocele (MMC). Nineteen children with cerebral
palsy were excluded. Information was missing in two children with infantile hydro-

cephalus.

Epilepsy

In children born with infantile hydrocephalus in 1989-2002, epilepsy was found
in 51 of 162 (31%) compared with nine of 99 (9%) children with MMC. Half the
children born very or extremely preterm had epilepsy. In Paper 11, among children
with a prenatal origin of hydrocephalus and hydrocephalus overt at birth, 13 of 39
(33%) had epilepsy compared with six of 50 (12%) of those with a prenatal origin
but without hydrocephalus already at birth.

Ophthalmological outcome

In Paper IV; ophthalmological abnormalities were found in 62 of 75 children (83%).
There were 47 children with infantile hydrocephalus and 28 with MMC and a com-
parison group of 140 healthy children. The distribution of ophthalmological find-
ings in all the children examined is shown in Table 3

Visual impairment (binocular visual acuity <0.3) was found in eleven of 73 (15%)
of the children with infantile hydrocephalus and in none with MMC. Refractive
errors were present in 47 of 70 (67%) children, while strabismus was present in 51
of 74 (69%).

Cognitive visual dysfunction was found in 38 of 64 (59%) of the children. Visuo-
perceptual problems were more common in children with associated neuroimpair-
ments, such as cerebral palsy and epilepsy. In this group, all the children had these
problems, as did 17 (82%) of those with a full-scale IQ of < 70. Children with
MMC were least affected by ophthalmological impairments.
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Hydrocephalus Hydrocephalus Comparison

without MMC with MMC group
n=47 n=28 n=140
Visual acuity
Binoc.3m Md 0.65 0.9 1.0
(range) (fix-1.25) (0.4-1.25) (0.5-1.25)
Refraction n (%) n (%) n (%)
Hyperopia 24/43 (53) 9/27 (33) 12/140 (9)
Myopia 5/43 (12) 2/27 (7) 7/140 (5)
Astigmatism 21/43 (49) 14/27 (52) 31/140 (22)
Strabismus
Esotropia 14/46 (30) 12/28 (43) 4/140 (3)
Exotropia 17146 (37) 4/28 (14) 1/140 (1)
Dyskinetic 3/46 (7) 1/28 (4) 0
Visuo-perceptual 25/36 (69) 13/28 (46) 4/140 (3)
problems

Table 3. Visual acuity, refraction, strabismus and visuo-perceptual problems in children
with hydrocephalus (n=75), with or without myelomeningocele (MMC), and a comparison
group (n=140).

Ophthalmological outcome was also investigated in 40 of 48 children born in 1999-
2002 in Paper III. Ophthalmological abnormalities were revealed in 32 (80%) of
the children. Contrary to the findings in the cohort born in 1989-1993, there was
no significant difference in visual outcome between children with infantile hydro-
cephalus and those with MMC. Low visual acuity was significantly more common
among children with optic atrophy, learning disability, cerebral palsy and epilepsy
(p<0.001, p=0.01, p<0.05 and p=0.05) respectively. The majority of the children
examined, 21 of 34 (62%), had refractive errors and strabismus was found in half
the children. Of the eight children with optic atrophy, all had at least one associated
impairment.

When the two studies were taken together, a visual impairment (VA < 0.3) was
found in 21%, refractive errors in 65% and strabismus in 64% of the children ex-
amined.

Participation

The impact on participation and activities in daily life was assessed with the ICIDH.
Children with infantile hydrocephalus had a more severe handicap than children
with MMC in the dimensions of orientation and social integration, with the oppo-
site situation for the dimensions of mobility and physical independence. The result-
ing total handicap score was of the same magnitude in both groups.
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Fig 6. Distribution of median handicap scores according to the International Classification
of Impairments, Disabilities and Handicap in 70 children with infantile hydrocephalus
(IH) and 44 children in the group with myelomeningocele (MMC).

Neuroradiology

In Paper I1, almost half the 95 children examined still had enlarged ventricles at fol-
low-up, about 40% had ventricles of normal size and 14 children had collapsed ven-
tricles. Information was missing in 19 cases. In children with either enlarged or slit
ventricles at follow-up, additional neuroimpairments were more common. Learning
disabilities were significantly more frequent in children with either enlarged or slit
ventricles (p<0.05).

Enlarged Normal Slit

n=45(%) n=36(%) n=14(%)
Learning disabilities 21 (47) 7 (19) 5(36)
Cerebral palsy 9 (20) 4 (11) 3(21)
Epilepsy 12 (27) 8 (22) 4 (29)
No impairment 21 (47) 23 (64) 7 (50)

Table 4. Ventricular width at follow-up in 95 children with hydrocephalus in relation

to associated neuroimpairments.
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There was no significant correlation between visual acuity and enlarged or collapsed
ventricles at follow-up.

In Paper I11, 30 of the 54 children had been examined with MRI and 24 with CT.
The correlation between neuroimaging findings and neurological impairments is

shown in Table 5.

Normal 1 1 11 v Total

n=6 n=5 n=13 n=18 n=12 n=54
Lerning disabilities 0 3 5 8 7 23
Cerebral palsy 0 1 3 6 7 17
Epilepsy 0 0 2 9 5 16
Deaths 0 1 0 1 4 6
No impairment 6 0 8 5 1 20

Table 5. Outcome in 54 children with hydrocephalus in relation to neuroradiological

Jfindings Normal: no parenchymal lesion, I: small/moderate periventricular leukomalacia,
II: extensive white-matter loss, I1I: focal white-matter loss with grey-matter lesion, IV:
generalised severe white- and grey-matter pathology.

No child with normal imaging had any associated neurological impairment, com-
pared with eleven of twelve with some impairment in children with generalised le-
sions and no child with normal imaging was visually impaired.
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Discussion

Epidemiology in children with hydrocephalus has been the subject of debate in
Sweden for five decades (Fernell et al 1986, Hagberg et al. 1963). In most parts of
the world, especially in the undeveloped countries, it is difficult to perform epide-
miological research, but much higher birth prevalences than those in Sweden, for
example, have been reported (Murshid 2000). In the latest four-year cohort from
1999-2002 in western Sweden, we found a live-birth prevalence of 0.48 per 1,000 for
children with infantile hydrocephalus and 0.18 for children with MMC.

The gestational age-specific prevalence of hydrocephalus during the same period
increased particularly in children born extremely preterm, with a concomitant de-
crease in perinatal mortality of the same magnitude. As a result, although children
born extremely preterm nowadays have a better chance of survival, they run the risk
of a perinatal intracerebral haemorrhage, in some cases leading to hydrocephalus and
often to other neurological impairments (Futagi et al. 2005, Resch et al. 1996).
The prevalence of hydrocephalus in children born at term decreased at the begin-
ning of the nineties but has since remained fairly stable. The reason for the decrease
may have been the more sophisticated management of the critically ill, newborn,
full-term infant, as well as improved methods for the prenatal detection of hydro-
cephalus in the same way as for MMC.

For children with MMC, the prevalence decreased to half during the 14-year period
1989-2002 and a decreasing trend has also been seen in other countries. The cause
of this decrease varies between countries; in some (Honein et al. 2001, Wynn 1998)
the folic acid enrichment of flour and the use of extra folic acid in young fertile wom-
en have been of importance, but enrichment has not yet been introduced in Sweden
due to a discussion about the potential adverse effects of folic acid. In Sweden, the
decrease in the number of live-born children with MMC was mainly caused by the
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Fig 7. Newborn children with neural tube defects (NTD) (anencephaly, encephalocele,
MMC) in 1973-2004. For the period 1999-2004, the total number of NTD pregnancies
(live-born children and terminated pregnancies) is presented.
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increased use and quality of ultrasonography early in pregnancy, detecting neural
tube defects and leading to early termination (Bygdeman and Ahlenius 2005). In
the last few years, there have only been 20 to 25 newborn children with MMC a
year in Sweden, while the rate of MMC pregnancies is still in the same range as in
the 1970s (The National Board of Health and Welfare 2004).

For decades, the most common treatment for hydrocephalus has been a ventriculo-
peritoneal shunt. In the present study, it was the initial treatment in 88% of the
cases. The shunts are continuously becoming more advanced and specialised (Drake
and Kestle 1998), but complications are still common. Mechanical problems such
as obstruction and disconnection are the most common, followed by infections
(Lumenta and Scotarczak 1995). Infections most frequently occur during the first
six months postoperatively (Enger et al. 2003). In our latest prospective four-year
study, infections within the first postoperative month occurred in five per cent of
cases and in other studies infections after up to 19% of the procedures have been
reported (Casey et al.1997). Many factors are important — the age of the child, with
an increased risk of infections up to approximately six months of age (Casey et al.
1997), actiology and, in several studies, the experience of the surgeon (Cochrane
and Kestle 2003).

There was a need for revision in almost two-thirds of the cases, due to infections,
mechanical and other problems. This was in accordance with Heinsbergen, who
reported that two-thirds required at least one revision (Heinsbergen et al. 2002).

ETV was performed as the primary treatment in twelve per cent of the children,
more frequently in the last four-year period than at the beginning of the 14-year
period, 22% vs. 9%. ETV was also used at an early stage during the first year of
life and in different aetiologies. It was successful in eleven of 31 cases (35%). Some
authors have reported a low success rate in children below two years of age (Jones et
al. 1990), but others have argued that it is the aetiology and not the age that is most
important in determining whether or not ETV will work (Beems and Grothenius
2002). It has been reported to be successful in between 50% and 90% of popula-
tions comprising both children and adults (Beems and Grothenius 2002, Choi et
al. 1999, Tisell et al. 2000). The best results have been reported in patients with an
aqueductal stenosis.

It is to be hoped that the use of ETV will also be more common in western Sweden,
as the morbidity and mortality is low and the risk of complications in the form of
infection is low (Beems and Grothenius 2002, Choi et al. 1999).

We found that the rate of revisions correlated significantly with outcome in terms of
neuroimpairments in the study from 1989-1998, but this was not confirmed in the
later study from 1999-2002. The findings in the third of these studies were more in
accordance with the findings of Lumenta and Riva (Lumenta and Scotarczak 1995,
Riva et al. 1994), who did not find any such association.
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Outcome in the form of accompanying neuroimpairments, such as learning disabil-
ity, cerebral palsy, epilepsy and visual impairment, was more frequent in children
with infantile hydrocephalus than in children with MMC (Casey et al. 1997, Meyer-
Heim et al. 2003). Children with MMC have a wide variety of urological and motor
problems due to their spinal lesion, but they are better off when it comes to associ-
ated impairments (Mattson and Gladh 2005). This was confirmed by Heinsbergen
et al. (Heinsbergen et al. 2002) and Mori et al. (Mori et al. 1995), who found that
a congenital origin and hydrocephalus associated with MMC had a better develop-
mental outcome than hydrocephalus with an acquired cause. This was apparent in
the clinically examined children born in 1989-1998, where associated impairments
were more common in those with infantile hydrocephalus than in the children with
MMC. Only one-third of the latter group had any major neuroimpairment com-
pared with almost two-thirds of those with infantile hydrocephalus.

Other studies have confirmed the risk of a poor outcome in children with a peri- or
postnatal cause vs. a prenatal origin of the hydrocephalus (Casey et al. 1997, Hoppe-
Hirsch et al. 1998, Mirzai et al. 1998, Resch et al. 1996). In particular, children
born very or extremely preterm with post-haemorrhagic hydrocephalus run a high
risk of associated neuroimpairments. Almost all the children of this kind (95%) in
this study had some associated neuroimpairment, compared with half the children

born at term. This correlation was also found by Heinsbergen (Heinsbergen et al.
2002).

Cognitive impairments of varying severity were common in children with hydro-
cephalus. Hoppe-Hirsch found learning disability in 40% of the children, while
28% had an 1Q of between 70 and 90 in a follow-up study 10 years after shunting
(Hoppe-Hirsch et al. 1998), rates close to those found in this study. Casey (Casey et
al. 1997) reported that hydrocephalus after intraventricular haemorrhages or infec-
tions resulted in cognitive problems and that these children were twice as likely to
require special schooling as those with congenital hydrocephalus. This was also in
accordance with our study, where two-thirds of the children born very or extremely
preterm and with post-haemorrhagic hydrocephalus had learning disabilities com-
pared with one-third of the children born at term. Another group with cognitive
problems was made up of children with hydrocephalus overt at birth, where half the
children had learning disabilities. Fernell (Fernell et al. 1987) stated that this group
had a poor prognosis and two-thirds of the children surviving to two years of age
had neurological sequelae.

Motor problems were common in children with infantile hydrocephalus, as well as
in children with MMC. In surgically treated children, Hoppe-Hirsch (Hoppe-Hir-
sch et al. 1998) reported motor deficits in more than half the children. Fernell found
that 28% of the children born at term had cerebral palsy, while the corresponding
figure for those born preterm was 47% (Fernell et al 1988a, Fernell et al. 1988b).
In the present study, one-third of the children with infantile hydrocephalus had
cerebral palsy, but the figure for children with MMC was only three per cent.
Children with MMC had lower limb impairments due to the spinal lesion, but, in
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a majority of cases, they also had motor problems in the upper limbs. These upper
limb problems can have a considerable impact on the ability of children with MMC
to manage their daily lives (Norrlin et al. 2003, Turner 1986). Turner found that
the majority of the children with MMC had upper limb problems and there was no
definite correlation to the level of the lesion (Turner 1986).

Motor problems other than cerebral palsy were also common in children with in-
fantile hydrocephalus. The extent of the problems became clear when 114 of the
children with hydrocephalus born in 1989-1998 were examined using the Move-
ment ABC test battery. This is a well-known, evaluated and widely used test battery.
There were some problems using the test as some children did not quite understand
the instructions and some did not manage to keep to the time limits in order to
finish some parts of the test. In spite of this, it was remarkable that the majority of
the children had severe motor problems, even when those with cerebral palsy were
excluded, and also that three-quarters of the children with MMC had significant
upper limb involvement.

These motor problems in children with hydrocephalus most probably have a consid-
erable impact on their daily lives.

Epilepsy is often associated with hydrocephalus (Kokkonen et al 1994, Saukkonen
etal. 1990). The underlying mechanisms have been the subject of controversy. It has
been suggested that the brain lesion underlying the hydrocephalus, the presence and
location of the shunt and the rate of revisions are all related to epilepsy (Bourgeois et
al. 1999, Klepper et al. 1998). In this study, epilepsy was found in one-third of the
children with infantile hydrocephalus compared with ten per cent of the children
with MMC, suggesting that the underlying brain lesion rather than shunt treat-
ment or revisions is the major cause of the epilepsy. Epilepsy was more common
in children born very or extremely preterm, which was in accordance with earlier
studies by Fernell (Fernell et al. 1988a, Fernell et al. 1988b). In our study, epilepsy
was found in nearly half the children with severe generalised parenchymal lesions
compared with none of the children with normal neuroimaging findings (Klepper
et al. 1998).

Hydrocephalus may cause multiple ophthalmological and visual disorders and visual
function deficits were identified in the majority of the children investigated in this
study (Andersson et al. 2006). Those with MMC had a better visual outcome than
children with infantile hydrocephalus. The visual outcome was not easy to compare
with other investigations because of differences in the age of the children, aetiology
of hydrocephalus and examination methods (Aring et al. forthcoming, Heinsbergen
et al. 2002 ). Strabismus was found in more than two-thirds compared with about
half the children in other studies (Biglan 1990, Mankinen-Heikkinen and Musto-
nen 1987, Rabinowicz 1974).

Reduced visual acuity to less than 0.3 was found in 15% of the children born in
1989-1993 compared with 33% of those born in 1999-2002. This difference could
partly be explained by the gestational age variation between the two periods, reflect-
ing different aetiologies. In the last period, 25% of the children were born very pre-
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term, compared with eight per cent during the first period, and children born very
preterm run a higher risk of visual impairments than those born at term (Gaston
1985, Rabinowicz 1974,).

In children born in 1999-2002, there was a tendency, even if it was not significant,
towards a correlation between the severity of the visual impairment and neuroimag-
ing findings and also with decreasing gestational age. The lack of significance was
possibly due to the limited number of children in this part of the study.

Visuo-perceptual problems were found in more than half the children, resembling
the findings reported by Houliston (Houliston et al. 1999), and even higher rates
were found in children with associated impairments such as cerebral palsy and epi-

lepsy.

To explore the consequences of hydrocephalus for the child and the family and to
see how activities in daily life and participation were affected, the intention in this
study was to use the new International Classification of Functioning, Disability and
Health (ICF) (World Health Organization, 2001). However, as the ICF had not yet
been adapted to children and to make comparisons possible with other paediatric
disability groups assessed in the same way, we chose the handicap code from the
WHO’s International Classification of Impairments, Disabilities and Handicaps
(ICIDH) (World Health Organization 1980). The ICIDH revealed a differing pro-
file between children with MMC and those with infantile hydrocephalus, but the
total handicap was of the same magnitude in both groups. Children with infantile
hydrocephalus had more problems and thereby a higher handicap score for social
independence and orientation, but they had fewer problems when it came to motor
activities. The opposite was the case for children with MMC, whose problems were
related to the dimensions of mobility and physical independence, problems caused
by the spinal lesion rather than the hydrocephalus. As was the case for impairment
load, children born at term had a better outcome than those born preterm in terms
of handicap. When compared with other childhood disability groups, it was found
that children with hydrocephalus had handicap scores somewhere in between those
with epilepsy, who had a milder handicap, and those with CP and mental retarda-
tion, who had a more severe handicap (Beckung and Uvebrant 1997, Beckung and
Hagberg 2000). In children with infantile hydrocephalus, the aetiology and thereby
the extent and nature of the brain lesion is very heterogeneous and this may explain
the variation in handicap profiles. Some children had only minor problems, but the
majority had a variety of often severe disabilities. The profile in children with MMC
was more homogeneous.

Neuroimaging was found to be useful for actiological, treatment and outcome con-
siderations and more than half the children born in 1999-2002 had had an MRI and
the remainder had had a CT scan. Especially at the beginning of the study period
starting in 1989, it was not always possible to get an MRI before the first surgical
intervention. It is to be hoped that the use of preoperative MRI will increase, so that
the best treatment method, ETV, fenestration of cysts, resection of obstructive pro-
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cesses or shunt insertion, can be chosen and aetiological and prognostic information
can be obtained.

Of children born in 1989-2002, more than half were born at term with a prenatal
origin of the hydrocephalus, in many cases with subtle parenchymal lesions, whereas
many of the children born preterm had severe parenchymal lesions as a result of a
perinatal cerebral haemorrhage. Another prognostic factor when it came to addi-
tional neuroimpairments was the status of the ventricles at follow-up. Impairments
were more common in children with either enlarged or collapsed ventricles; this was
most obvious for learning disabilities. Hoppe-Hirsch also found (Hoppe-Hirsch et
al. 1998) that the size of the ventricles was important for outcome, but only if there
was a persisting major dilation, whereas Saukkonen (Saukkonen et al. 1990) re-
ported that collapsed ventricles could aggravate epilepsy.

Kim (Kim et al. 2000) stated that, in children treated with ETV, neuroimaging
together with cognitive testing was a way to evaluate the effect of treatment.

In the children born during the latest four-year period, there was a significant cor-
relation between the extent and nature of the parenchymal lesions found at neu-
roimaging and cerebral palsy and epilepsy, but there was no correlation between
neuroimaging and visual acuity, except that no child with normal neuroimaging
findings had a visual impairment.
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o A decreasing live-birth prevalence of hydrocephalus was noted in 1989-
1998. This trend continued until 1999-2002, but no further decrease was
noted during that period. This was mainly explained by the increased
survival of children born extremely preterm with post-haemorrhagic
hydrocephalus. During the study period, a decreasing trend for hydrocephalus
associated with MMC was noted.

J The actiology and gestational age at birth were important for outcome.
Neurological impairments were present in more than half of the children.
Children with infantile hydrocephalus born very or extremely preterm
had the poorest outcome.

o The majority of the children with infantile hydrocephalus and hydrocephalus
associated with MMC who were clinically examined in various gestational
age groups, had definite motor problems even when those with cerebral palsy
were excluded. The effect on participation was of the same magnitude for
children with infantile hydrocephalus and for those with MMC, but they
had difficulties in different dimensions.

J Improved neonatal care has increased the survival of children born
extremely preterm but it has not yet reduced the incidence of posthaemorrhagic
hydrocephalus in these children. The most common neurosurgical
treatment during the 14-year period was ventriculo-peritoneal shunt. The
shunt systems are being continuously improved, but revisions are still
required in more than half the children and the use of ETV and the
development of other alternatives to shunt treatment are urgently needed.

° Neuroimaging was found to be useful for aetiological, treatment and
prognostic considerations. Children with generalised parenchymal lesions
had a poor outcome, with neurological impairments in the majority of cases.

J Ophthalmological abnormalities were found to be very frequent and were
observed in more than three-quarters of the children.

It can be concluded that it is important continuously to develop more sophisticated
methods for the prevention of hydrocephalus and the management of children with
hydrocephalus, especially for those born very and extremely preterm who run a high
risk of a poor outcome.
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Sammanfattning pa svenska

Introduktion: Epidemiologiska och kliniska uppfoljningsstudier av barn med
hydrocefalus har bedrivits i Sverige i drygt 40 &r. Det har varit av intresse av att
studera forindringar i férekomst i olika orsaksgrupper samt hos barn med olika
graviditetslingd.

Fragestillningar: Att analysera trender i férekomsten av spidbarnshydrocefalus
och hydrocefalus associerat med ryggmirgsbrick under perioden 1989 till 2002.
Uppféljning av barnen for att se i vilken utstrickning de utvecklar funktionshinder
i form av mental retardation, cerebral pares, epilepsi och synproblem. Att underséka
motorisk funktion och bedoma handikapprofil i olika orsaksgrupper samt hos barn
med olika graviditetslingd samt f6r att se om behandling, komplikationer och neu-
roradiologiska fynd korrelerar med de funktionshinder barnen har vid uppfoljningen.
Metodik: En populationsbaserad studie av alla 262 barn med spadbarnshydrocefalus
och hydrocefalus associerat med ryggmirgsbrick fddda under perioden 1989-2002 i
vistra Sverige. Information om orsaken till hydrocefalus och kliniska uppgifter om
barnet har himtats frin medicinska journaler, frin rontgenarkiv samt frin oftal-
mologiska undersokningar. Etthundrafjorton barn genomgick en neurologisk och
motorisk undersdkning och intervjuades tillsammans med sina férildrar.

Resultat: Forekomsten av hydrocefalus var 0.77 per 1,000 fédda barn, 0.48 for
infantil hydrocefalus och 0.29 for barn med ryggmirgsbrack. Forekomsten av spad-
barnshydrocefalus minskade fran 0.55 ar 1989 till 0.48 &r 2002 och for barn med
ryggmirgsbrack fran 0.35 till 0.16. Forindringen i férekomst under ren 1989-2002
var tydligast i gruppen av barn med spidbarnshydrocefalus och extremt for tidigt
fodda barn dir den graviditetslingds specifika forekomsten okade fran 13 till 45 per
1,000 fodda, medan dédligheten i samband med forlossningen och nyfoddhetsperi-
oden i samma graviditetslingdsgrupp under samma period minskade fran 40 till 15
per 1,000 fodda. En slang frdn hjarnans hdlrum till bukhélan (ventriculo-peritoneal
shunt) var det forsta kirurgiska ingreppet for 230 barn (88%), endoskopisk ventricu-
lostomi (ett hal frdn hjirnans hilrum till dess utsida) gjordes i 31 fall (12%). Minst
en revision krivdes hos 64% av barnen. Bland barnen med spidbarnshydrocefalus hade
63% minst ett associerat funktionshinder sisom mental retardation, cerebral pares
eller epilepsi, jimfort med 33% av de med ryggmirgsbrack. Associerade funktion-
shinder var signifikant vanligare hos de med spidbarnshydrocefalus 4n hos de med
ryggmirgsbrack. Andelen barn med funktionshinder okade vid kortare graviditetslingd.
Oftalmologiska problem och synpéverkan férekom hos en majoritet av de undersokta
barnen. Barnen med ryggmairgsbrack hade synproblem i mindre utstrickning 4n de
med spadbarnshydrocefalus. Synskada férekom hos 15% av barnen fédda 1989-1993
jamfort med hos 33% av barnen fédda 1999-2002. En férklaring till denna skillnad
var att 25% av barnen i den senare gruppen var mycket eller extremt for tidigt f6dda
jamfort med enbart atta procent i den forsta gruppen. Risken for synskada ar mycket
hégre hos mycket for tidigt fodda barn. Inget barn med normal neuroradiologisk
bild hade nagra associerade neurologiska eller synrelaterade funktionshinder jaimfért
med elva av tolv av barnen med generaliserade hjarnvivnadsskador.
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Slutsatser: Forekomsten av hydrocefalus minskade under perioden 1989-1999
men detta fortsatte ¢j under perioden 1999-2002. Orsaken var till stor del en 6kad
overlevnad av extremt for tidigt fodda barn med hydrocefalus efter hjarnblédning
och en minskande forekomst av hydrocefalus associerat med ryggmairgsbrick. Den
vanligaste behandlingen var ventrikulo-peritoneal shunt och éver hilften av barnen
genomgick minst en revision. Orsaken till hydrocefalus och graviditetslingd vid
fodelsen var av betydelse for forekomsten av associerade funktionshinder. En
majoritet av barnen hade nigot funktionshinder sdsom mental retardation, cerebral
pares eller epilepsi och &ver tre fjirdedelar hade oftalmologiska avvikelser. Neuro-
radiologiska undersokningar var betydelsefulla for etiologiska och behandlingsmissiga
overviganden.

52



Acknowledgements

Acknowledgements

I would like to express my sincere gratitude to everybody involved in this project
and in particular to

All participating children and their parents

Paul Uvebrant, my supervisor, always enthusiastic, for his support, patience and
excellent scientific guidance.

Gudrun Hagberg, co-author, for her engagement and valuable contributions.

Barbro Lindquist, co-author and friend, for companionship during the whole project.

Thank you for all good talks!

The “Hydrocephalus group” my co-authors, Eva Aring, Susann Andersson and Ann
Hellstrom for constructive discussions and friendship.

Lars-Martin Wiklund, co-author, generously helping me to sort out the neuroradio-
logical findings.

Kjell Johansson for valuable contributions in the beginning of the project.

Dan Andersson my chief at the Department of Pediatrics in Halmstad, who has
been encouraging all through the project.

Tove Andrée and Richard Nilsson for their friendship and all their help with lay-outs.
Margareta Belfrage for her assistance in many ways and for always encouraging me.

The Scientific Council, Province of Halland, for their engagement and for practical
help in many different ways.

Jeanette Kliger for correcting my English, Ann-Sofie Petersson for lay-outs.
IKEA for always being there when needed.
My mother, my sisters and their families for all their help and for always listening.

My family, Peppe, Maria and Jens for your interest and patience. You have been very
supportive!

This investigation was supported by grants from the Folke Bernadotte Foundation,
RBU-The Swedish National Association for Disabled Children and Young People

and the Scientific Council, Province of Halland.

53



54



References

Adoh TO, Woodhouse JM, Oduwaiye KA. The Cardiff Test: a new visual acuity test for
toddlers and children with intellectual impairment. A preliminary report. Optom
Vis Sci 1992;69:427-32.

Alin-Akerman B, Nordberg L. Griffiths Utvecklingsskalor. Stockholm: Psykologiférlaget
AB, (In Swedish) 1980.

Andersson S, Persson EK, Aring E. Lindquist B, Dutton GN, Hellstrdm A. Vision in chil-
dren with hydrocephalus. Dev Med Child Neurol 2006;48:836-41.

Aring E, Andersson S, Persson EK, Hard AL, Uvebrant P, Ygge J, Hellstrdm A. Strabismus,
binocular functions and ocular motility in a population based group of children with
early surgically treated hydrocephalus. Strabismus (forthcoming).

Armitage P. Statistical methods in medical research. London: Blackwell Scientific Publica-

tions, 1974;363-365.

Aronyk KE. The history and classification of hydrocephalus. Neurosurg Clin N Am
1993;4:599-609.

Aschoff A., Kremer P, Hashemi B, Kunze S. The scientific history of hydrocephalus and its
treatment. Neurosurg Rev 1999;22:67-93, discussion 94-5.

Baird C, O‘Connor D, Pittman T. Late shunt infections. Pediatr Neurosurg 1999;31:269-73.

Beckung E, Uvebrant P. Impairments, disabilities and handicaps in children and adolescents
with epilepsy. Acta Paediatr 1997;86:254-60.

Beckung E, Hagberg G. Correlation between ICIDH handicap code and Gross Motor Func-
tion Classification System in children with cerebral palsy. Dev Med Child Neurol
2000;42:669-73.

Beems T, Grotenhuis JA. Is the success rate of endoscopic third ventriculostomy age-de-
pendent? An analysis of the results of endoscopic third ventriculostomy in young

children. Childs Nerv Syst 2002;18:605-8.

Biglan AW. Ophthalmologic complications of meningomyelocele: a longitudinal study.
Trans Am Ophthalmol Soc 1990;88:389-462.

Blackburn BL, Fineman RM. Epidemiology of congenital hydrocephalus in Utah, 1940-
1979: report of an iatrogenically related epidemic. Am ] Med Genet 1994;52:123-9.

Boltshauser E, Schneider J, Kollias S, Waibel P, Weissert M. Vanishing cerebellum in my-
elomeningocoele. Eur J Paediatr Neurol 2002;6:109-13.

55



Bourgeois M, Sainte-Rose C, Cinalli G, Maixner W, Malucci C, Zerah M, Pierre-Kahn
A, Renier D, Hoppe-Hirsch E, Aicardi J. Epilepsy in children with shunted hydro-
cephalus. ] Neurosurg 1999;90:274-81.

Bowman RM, McLone DG, Grant JA, Tomita T, Ito JA. Spina bifida outcome: a 25-year
prospective. Pediatr Neurosurg 2001;34:114-20.

Brookshire BL, Fletcher JM, Bohan TP, Landry SH, Davidson KC, Francis DJ. Verbal and
nonverbal skill discrepancies in children with hydrocephalus: a five-year longitudi-
nal follow-up. J Pediatr Psychol 1995;20:785-800.

Bruner JP, Tulipan N, Paschall RL, Bochm FH, Walsh WF, Silva SR, Hernanz-Schulman
M, Lowe LH, Reed GW. Fetal surgery for myelomeningocele and the incidence of
shunt-dependent hydrocephalus. Jama 1999;282:1819-25.

Buxton N, Macarthur D, Mallucci C, Punt ], Vloeberghs M. Neuroendoscopic third ven-
triculostomy in patients less than 1 year old. Pediatr Neurosurg 1998;29:73-6.

Bygdeman M, Ahlenius A. [Fetal injury more and more common reason for second trimester
abortion]. Lakartidningen 2005;102:557-9.

Casey AT, Kimmings EJ, Kleinlugtebeld AD, Taylor WA, Harkness WF, Hayward RD. The
long-term outlook for hydrocephalus in childhood. A ten-year cohort study of 155
patients. Pediatr Neurosurg 1997;27:63-70.

Choi JU, Kim DS, Kim SH. Endoscopic surgery for obstructive hydrocephalus. Yonsei Med
J 1999;40:600-7.

Cinalli G, Sainte-Rose C, Chumas P, Zerah M, Brunelle F, Lot G, Pierre-Kahn A, Renier D.
Failure of third ventriculostomy in the treatment of aqueductal stenosis in children.
J Neurosurg 1999;90:448-54.

Cinalli G, Spennato P, Savarese L, Ruggiero C, Aliberti F, Cuomo L, Cianciulli E, Maggi
G. Endoscopic aqueductoplasty and placement of a stent in the cerebral aqueduct in
the management of isolated fourth ventricle in children. ] Neurosurg 20065104 (1
Suppl):21-7.

Cochrane DD, Kestle JR. The influence of surgical operative experience on the dura-
tion of first ventriculoperitoneal shunt function and infection. Pediatr Neurosurg
2003;38:295-301.

Connell HM, McConnel TS. Psychiatric sequelae in children treated operatively for hydro-
cephalus in infancy. Dev Med Child Neurol 1981;23:505-17.

Dalrymple SJ, Kelly PJ. Computer-assisted stereotactic third ventriculostomy in the
management of noncommunicating hydrocephalus. Stereotact Funct Neurosurg

1992;59:105-10.

Dandy WE. Diagnosis and treatment of hydrocephalus resulting from strictures of the aq-
ueduct of Sylvius. Surg Gynec Obstet 1920;31:340-358.

56



References

Dandy WE. Diagnosis and treatment of strictures of the aqueduct of Sylvius (causing hydro-
cephalus). Arch Surg 1945;51:1-14.

Dennis M, Fitz CR, Netley CT, Sugar J, Harwood-Nash DC, Hendrick EB, Hoffman
HJ, Humphreys RP. The intelligence of hydrocephalic children. Arch Neurol
1981;38:607-15.

Dennis M, Jacennik B, Barnes MA. The content of narrative discourse in children and ado-
lescents after early-onset hydrocephalus and in normally developing age peers. Brain

Lang 1994;46:129-65.

de Vries LS, Liem KD, van Dijk K, Smit BJ, Sie L, Rademaker KJ, Gavilanes AW. Early ver-
sus late treatment of posthaemorrhagic ventricular dilatation: results of a retrospec-
tive study from five neonatal intensive care units in The Netherlands. Acta Paediatr
2002;91:212-7.

Drake JM. Ventriculostomy for treatment of hydrocephalus. Neurosurg Clin N Am
1993;4:657-66.

Drake JM, Kestle JT. Determining the best cerebrospinal fluid shunt valve design: the pedi-
atric valve design trial. Neurosurgery 1998;43:1259-60.

Edsbagge M, Tisell M, Jacobsson L, Wikkelsé C. Spinal CSF absorption in healthy indi-
viduals.” Am J Physiol Regul Integr Comp Physiol 2004;287:R1450-5.

Emerich DF, Skinner SJ, Borlongan CV, Vasconcellos AV, Thanos CG. The choroid plexus
in the rise, fall and repair of the brain. Bioessays 2005;27:262-74.

Enger PO, Svendsen F, Wester K. CSF shunt infections in children: experiences from a
population-based study. Acta Neurochir (Wien) 2003;145:243-8; discussion 248.

Evans WA. An encephalographic ratio for estimating ventricular enlargement and cerebral
atrophy. Arch Neurol Psychiatr 1942;47:931-937.

Fernell E, Hagberg B, Hagberg G, von Wendt L. Epidemiology of infantile hydrocephalus in
Sweden. L. Birth prevalence and general data. Acta Paediatr Scand 1986;75:975-81.

Fernell E, Uvebrant P, von Wendt L. Overt hydrocephalus at birth--origin and outcome.
Childs Nerv Syst 1987;3:350-3.

Fernell E, Hagberg B, Hagberg G, Hult G, von Wendt L. Epidemiology of infantile hydro-
cephalus in Sweden: a clinical follow-up study in children born at term. Neuropedi-
atrics 1988a;19:135-42.

Fernell E, Hagberg B, Hagberg G, Hult G, von Wendt L. Epidemiology of infantile hydro-
cephalus in Sweden. Current aspects of the outcome in preterm infants. Neuropedi-

atrics 1988b;19:143-5.

Fernell E, Gillberg C, von Wendt L. Autistic symptoms in children with infantile hydro-
cephalus. Acta Paediatr Scand 1991;80:451-7.

57



References

Fernell E, Hagberg G, Hagberg B. Infantile hydrocephalus epidemiology: an indicator of
enhanced survival. Arch Dis Child Fetal Neonatal Ed 1994;70:F123-8.

Flechsig P. Developmental (myelogenetic) localisation of the cerebral cortex in the human
subject. Lancet 1901;2:1027-1029.

Fletcher JM, Bohan TP, Brandt ME, Brookshire BL, Beaver SR, Francis DJ, Davidson KC,
Thompson NM, Miner ME. Cerebral white matter and cognition in hydrocephalic
children. Arch Neurol 1992;49:818-24.

Fletcher JM, Davidson KC, Levin HS, Brandt ME, Kramer LA, Morris RD. Attentional
skills and executive functions in children with early hydrocephalus. Dev Neuropsy-
chology 1996;12:53-76.

Futagi Y, Suzuki Y, Toribe Y, Nakano H, Morimoto K. Neurodevelopmental outcome in
children with posthemorrhagic hydrocephalus. Pediatr Neurol 2005;33:26-32.

Gaston H. Does the spina bifida clinic need an ophthalmologist? Z Kinderchir 1985;40
(Suppl 1): 46-50.

Greitz D, Greitz T, Hindmarsh T. A new view on the CSF-circulation with the potential for
pharmacological treatment of childhood hydrocephalus. Acta Paediatr 1997;86:125-
32.

Hadenius AM, Hagberg B, Hyttnis-Bensch K, Sjogren I. [Congenital hydrocepha-
lus. II. Long-term prognosis of untreated hydrocephalus in infants.]. Nord Med
1962;68:1515-9.

Hagberg B, Sjogren I, Bensch K, Hadenius AM. The Incidence of Infantile Hydrocephalus
in Sweden. Acta Paediatr 1963;52:588-94.

Hedin A, Olsson K. Letter legibility and the construction of a new visual acuity chart. Oph-
thalmologica 1984;189:147-56.

Heinsbergen I, Rotteveel ], Roeveld N, Grothenius A. Outcome in shunted hydrocephalic
children. Eur ] Paediatr Neurol 2002;6:99-107.

Henderson SE, Sugden DA. Movement Assessment Battery for Children: Manual. The Psy-
chological Corporation Ltd, 1992

Honein MA, Paulozzi L], Mathews TJ, Erickson JD, Wong LY. Impact of folic acid for-
tification of the US food supply on the occurrence of neural tube defects. Jama
2001;285:2981-6.

Hoppe-Hirsch E, Laroussinie F, Brunet L, Sainte-Rose C, Renier D, Cinalli G, Zerah M,
Pierre-Kahn A. Late outcome of the surgical treatment of hydrocephalus. Childs

Nerv Syst 1998;14:97-9.

Horwitz NH, Rizzoli HV. Postoperative complications of Intracranial Neurological Surgery.
Baltimore: Williams & Wilkins, 1982

58



References

Houliston MJ, Taguri AH, Dutton GN, Hajivassilou C, Young DG. Evidence of cognitive
visual problems in children with hydrocephalus: a structured clinical history-taking
strategy. Dev Med Child Neurol 1999;41:298-306.

Jones RF, Stening WA, Brydon M. Endoscopic third ventriculostomy. Neurosurgery
1990;26:86-91; discussion 91-2.

Jones RF, Kwok BC, Stening WA, Vonau M. Neuroendoscopic third ventriculostomy. A
practical alternative to extracranial shunts in non-communicating hydrocephalus.
Acta Neurochir Suppl 1994;61:79-83.

Kao CL, Yang TF, Wong TT, Cheng LY, Huang SY, Chen HS, Kao CL, Chan RC. The
outcome of shunted hydrocephalic children. Zhonghua Yi Xue Za Zhi (Taipei)
2001;64:47-53.

Kay H. New Method of assessing visual acuity with pictures. Br ] Ophtalmol 1983;67:131-133

Kestle J, Cochrane D, Alisharan R. The initial treatment of hydrocephalus: an assessment
of surgeons’ preference between third ventriculostomy and shunt insertion. Neurol
Res 2000;22:65-8.

Kim SK, Wang KC, Cho BK. Surgical outcome of pediatric hydrocephalus treated by en-
doscopic III ventriculostomy: prognostic factors and interpretation of postoperative
neuroimaging. Childs Nerv Syst 2000;16:161-8; discussion 169.

Klepper ], Busse M, Strassburg HM, Sorensen N. Epilepsy in shunt-treated hydrocephalus.
Dev Med Child Neurol 1998;40:731-6.

Kokkonen J, Serlo W, Saukkonen AL, Juolasmaa A. Long-term prognosis for children with
shunted hydrocephalus. Childs Nerv Syst 1994;10:384-7.

Laurence KM, Coates S. The natural history of hydrocephalus. Detailed analysis of 182
unoperated cases. Arch Dis Child 1962;37:345-62.

Lindquist B, Carlsson G, Persson EK, Uvebrant P. Learning disabilities in a population-
based group of children with hydrocephalus. Acta Paediatr 2005;94:878-83.

Lindquist B, Carlsson G, Persson EK, Uvebrant P. Behavioural problems and autism in chil-
dren with hydrocephalus : a population-based study. Eur Child Adolesc Psychiatry
2006;15:214-9.

Lorber J. Recovery of vision following prolonged blindness in children with hydrocephalus
or following pyogenic meningitis. Clin Pediatr (Phila) 1967;6:699-703.

Lumenta CB, Skotarczak U. Long-term follow-up in 233 patients with congenital hydro-
cephalus. Childs Nerv Syst 1995;11:173-5.

Lundberg A. Gross and fine motor performance in healthy Swedish children aged fifteen and
eighteen months. Neuropadiatrie 1979;10:35-50.

59



References

Mankinen-Heikkinen A, Mustonen E. Ophthalmic changes in hydrocephalus. A follow-
up examination of 50 patients treated with shunts. Acta Ophthalmol (Copenh)
1987;65:81-6.

Marsh WR, Rawlings SC, Mumma JV. Evaluation of clinical stereoacuity tests. Ophthal-
mology 1980;87:1265-72.

Mattsson S, Gladh G. [Children with meningomyelocele become adults!]. Lakartidningen
2005;102:2566-70.

Meyer-Heim AD, Klein A, Boltshauser E. Cervical myelomeningocele--follow-up of five
patients. Eur ] Paediatr Neurol 2003;7:407-12.

Mirzai H, Ersahin Y, Mutluer S, Kayahan A. Outcome of patients with meningomyelocele:
the Ege University experience. Childs Nerv Syst 1998;14:120-3.

Mixter W]. Ventriculoscopy and puncture of the floor of the third ventricle. Boston Med
Surg J 1923;188:277-278.

Moore A. Hydrocephalus. In: Taylor D, editor. Pediatric Ophtalmology. London: Blackwell
Science, 1990;731-739.

Mori K, Shimada J, Kurisaka M, Sato K, Watanabe K. Classification of hydrocephalus and
outcome of treatment. Brain Dev 1995;17:338-48.

Murshid WR, Jaralla JS, Dad MI. Epidemiology of infantile Hydrocephalus in Saudi Ara-
bia:Birth prevalence and Associated Factors. Pediatr Neurosurg 2000;32:119-123.

Mutch L, Alberman E, Hagberg B, Kodama K, Perat MV. Cerebral palsy epidemiology:
where are we now and where are we going? Dev Med Child Neurol 1992;34:547-551.

Navarro R, Gil-Parra R, Reitman AJ, Olavarria G, Grant JA, Tomita T. Endoscopic third
ventriculostomy in children: early and late complications and their avoidance. Childs
Nerv Syst 2006;22:506-13.

Norrlin S, Strinnholm M, Carlsson M, Dahl M. Factors of significance for mobility in chil-
dren with myelomeningocele. Acta Paediatr 2003;92:204-10.

01§, Sato O, Matsumoto S. [A new classification for congenital hydrocephalus [perspective
classification of congenital hydrocephalus (PCCH)] and postnatal prognosis (Part
3). Neuronal maturation process and prognosis in neonatal hydrocephalus]. No To
Hattatsu 1994;26:232-8.

Persson EK, Hagberg G, Uvebrant P. Hydrocephalus prevalence and outcome in a popula-
tion-based cohort of children born in 1989-1998. Acta Paediatr 2005;94:726-32.

Rabinowicz M. Visual function in children with hydrocephalus. Trans Ophtal Soc UK
1974;94:353-366.

60



References

Resch B, Gedermann A, Maurer U, Ritschl E, Muller W. Neurodevelopmental outcome
of hydrocephalus following intra-/periventricular hemorrhage in preterm infants:
short- and long-term results. Childs Nerv Syst 1996;12:27-33.

Riva D, Milani N, Giorgi C, Pantaleoni C, Zorzi C, Devoti M. Intelligence outcome in children
with shunted hydrocephalus of different etiology. Childs Nerv Syst 1994;10:70-3.

Saukkonen AL, Serlo W, von Wendt L. Epilepsy in hydrocephalic children. Acta Paediatr
Scand 1990;79:212-8.

Scarrow AM, Levy EI, Pascucci L, Albright AL. Outcome analysis of endoscopic III ven-
triculostomy. Childs Nerv Syst 2000;16:442-4; discussion 445.

Shapiro HM, Wyte SR, Harris AB, Galindo A. Disposable system for intraventricular pres-
sure measurement and CSF drainage. Technical note. ] Neurosurg 1972;36:798-
801.

Stephensen H, Tisell M, Wikkelsé C. There is no transmantle pressure gradient in com-
municating or noncommunicating hydrocephalus. Neurosurgery 2002;50:763-71;
discussion 771-3.

Taylor AR, Milliken JR, Davison PP. Long-term follow-up of hydrocephalic infants treated
by operation. Br Med ] 1960;2:1356-9.

Tew B, Laurence KM, Richards A. Inattention among children with hydrocephalus and
spina bifida. Z Kinderchir 1980;31:381-6.

The National Board of Health and Welfare. The Swedish Registry of Congenital Malforma-
tions 2004.

Tisell M, Almstrom O, Stephensen H, Tullberg M, Wikkelsé C. How effective is endoscopic
third ventriculostomy in treating adult hydrocephalus caused by primary aqueductal
stenosis? Neurosurgery 2000;46:104-10; discussion 110-1.

Torkildsen A. A new palliative operation in cases of inoperable occlusion of the Sylvian aq-
ueduct. Acta Chir Scand 1939;82:117-123.

Tuli S, Drake J, Lawless J, Wigg M, Lamberti-Pasculli M. Risk factors for repeated ce-
rebrospinal shunt failures in pediatric patients with hydrocephalus. ] Neurosurg
2000;92:31-8.

Turner A. (1986). “Upper-limb function of children with myelomeningocele.” Dev Med
Child Neurol 28(6): 790-8.

Vachha B, Adams R. Language differences in young children with myelomeningocele and
shunted hydrocephalus. Pediatr Neurosurg 2003;39:184-9.

Verhoef M, Barf HA, Vroege JA, Post MW, Van Asbeck FW, Gooskens RH, Prevo AJ. Sex

education, relationships, and sexuality in young adults with spina bifida. Arch Phys
Med Rehabil 2005;86:979-87.

61



References

Volpe J]J. Neurology of the newborn. Major Probl Clin Pediatr 1981;22:1-648.

Warf BC. Comparison of endoscopic third ventriculostomy alone and combined with cho-
roids plexus cauterization in infants younger than 1 year of age: a prospective study
in 550 African children. ] Neurosurg (6 Suppl Pediatrics) 2005;103:475-481.

Wechsler D. Wechsler Prescool and Primary Scale of Intelligence. San Antonio, Texas: The
Psychological Corporation, 1991

Wechsler D. Wechsler Intelligence Scale for Children in the UK. Foots Cray, Kent: The
Psychological Corporation, 1992

World Health Organization. International Classification of Impairments, Disabilities and
Handicaps. Geneva: World Health Organization, 1980

World Health Organization. International Classification of Functioning, Disability and
Health. Geneva: World Health Organization, 2001

Wynn M.Wynn A. Fortification of grain products with folate: should Britain follow the
American example. Nutr Health 1998;12:147-61.

Yasuda T, Tomita T. Measurement of cerebrospinal fluid output through external ventricu-
lar drainage in one hundred infants and children: correlation with cerebrospinal

fluid production. Pediatr Neurosurg 2002;36:22-8.

Ziemnowicz S. [New surgical method of treatment of communicating progressive hydro-
cephalus.]. Pol Tyg Lek (Wars) 1950;5:535-8.

62






Goteborg University
Sahlgrenska Academy

ISBN 978-91-628-7050-8




	Omslag_Eva_final.pdf
	tom.pdf
	spikblad Persson.pdf
	Ram.pdf
	Omslag_Eva_final.pdf



