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Infantile hydrocephalus epidemiology: an

indicator of enhanced survival

E Fernell, G Hagberg, B Hagberg

Abstract
The epidemiology of infantile hydro-
cephalus in the birth years 1973-90 was
investigated in west Sweden. The study
revealed a significant increase in preva-
lence from 1973-8 and 1979-82 considered
due to the enhanced survival of very and
extremely preterm infants. The increase
did not continue from 1983-90. This could
indicate an improved outcome in preterm
survivors as the neonatal survival rate
continued to increase. The striking pre-
dominance of a perinatal/neonatal aeti-
ology in very preterm hydrocephalic
infants could be confirmed: 89% born
from 1983-90 had suffered a confirmed
postpartum intraventricular haemor-
rhage. In infants born at term, prenatal
origins, mainly maldevelopments, domi-
nated. The outcome in very preterm
surviving infants with infantile hydro-
cephalus was poor: 73% had cerebral
palsy, 52% epilepsy, 22% severe visual dis-
ability, and 55% were mentally retarded.
Despite the increased survival resulting in
a majority of healthy infants, there is an
accumulating cohort of hydrocephalic
children.
(Arch Dis Child 1994; 70: F123-F128)
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Systematic epidemiological and clinical follow
up studies of children with prenatally and peri-
natally/neonatally acquired brain impairments
are important as feedback to neonatologists.
This applies especially to very preterm infants,
a group in which the increase in survival has
been striking during the last few decades and
the risk of perinatal vascular insult is marked.
In a previous series of studies, we have sug-
gested the epidemiology of cerebral palsy as an

instrument for such feedback.' However,
cerebral palsy has some obvious disadvantages.
Firstly, there is disagreement about the timing
of brain damaging events resulting in cerebral
palsy in the very preterm infant and, secondly,
a time period of at least four years is
needed before a definite clinical cerebral palsy
diagnosis can be settled in all cases. In view of
both these aspects, infantile hydrocephalus
might be a better alternative for rapid feedback
to neonatalogists. In around 90% of very
preterm infants, infantile hydrocephalus is
undisputedly acquired perinatally/neonatally
and can be diagnosed already during the first
w,eeks of life, virtually always before 6 months
of age.2 One disadvantage is that infantile
hydrocephalus is a rare condition, present in
only some 2% of surviving very preterm

infants, thereby making large populations
necessary for any conclusions to be drawn.

This presentation is the third in an ongoing
infantile hydrocephalus project in west
Sweden, previously comprising birth years
1967-86,2 3 and now extended to those born in
1987-90. The main aims were (1) to follow, on
a population basis, the trends in prevalence,
the pattern of aetiologies, and the long term
outcome from 1973 to 1990, a period of time
in which neonatal intensive care had been
introduced and gestational age specific vital
statistics were available, and (2) to try to
provide informative points for feedback to
neonatology.

Definitions
Infantile hydrocephalus was considered in cases
with the following three main criteria.'
Indications of increased intraventricular pressure
in terms of (a) insertion of an intraventricular
shunt before the age of 1 year; (b) head cir-
cumference at birth of >2 SD above the mean
both for gestational age and for birth length3;
or (c) increment in head circumference of >2
SD for the age during the first year of life, con-
current with a head circumference of >2 SD
above the mean for actual height.3 (2)
Indication of increased intraventricular cerebro-
spinal fluid volume in terms of ventricular
dilatation amounting to a Sjogren's echo
index4 of :0 39 or a comparable value based
upon ultrasonic or computerised examina-
tions. (3) An infantile hydrocephalus duration of
at least three months in the first year of life, in
conservatively treated cases. All children with
infantile hydrocephalus due to neural tube
defects or intracranial malignant tumours were
excluded.

Very preterm referred to infants born before
gestational age of 32 completed weeks and
moderately preterm to those born between the
32nd and 36th completed weeks of gestation.
Prenatal referred to the period before the onset
of labour resulting in delivery, perinatal from
the onset of labour resulting in delivery to the
seventh day of life. Neonatal referred to the first
28 days of life and postnatal to the period from
the 29th day of life to the age of 1 year. A pre-
natal aetiology was considered in cases of
genetically determined infantile hydro-
cephalus, cytogenetic abnormality, specific
central nervous system maldevelopment, con-
firmed intrauterine infection, and in other
cases in which infantile hydrocephalus was
present already at birth. Perinatal/neonatal and
postnatal aetiologies were considered in cases of
confirmed intraventricular haemorrhage (IVH)
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and confirmed central nervous system (CNS)
infection in the perinatal/neonatal and post-
natal periods respectively. Because of the well
documented high association of perinatalV
neonatal IVH and CNS infection to the
development of infantile hydrocephalus, a
perinatal/neonatal aetiology was given pre-
cedence in case of overlapping between
prenatal and perinatal/neonatal origin. Mental
retardation was defined in school age children
as an IQ of <70 and as marked developmental
delay in younger ages, cerebral palsy was
defined as 'a disorder of movement and
posture due to a defect or lesion of the
immature brain',5 and epilepsy was considered
to be present whenever there was an undis-
puted diagnosis of epilepsy in the medical
records.

Subjects and methods
The study area was the western Swedish health
care region as defined previously3 with a total
population of 1 9 million, 23% of the total
population of Sweden. The study period
comprised birth years 1973-90 with 420 856
live births.
The identification of cases of infantile

hydrocephalus was based upon the assumption
that all the children with this condition would
have been referred to a paediatric clinic and
registered with a diagnosis of hydrocephalus
according to the international classification
system (ICD 1968, 1987). Diagnostic registers
at all the departments of paediatrics in the
investigated region and at the single regional
neurosurgical unit at the University of
Gothenburg were therefore scrutinised in
terms of the diagnosis of infantile hydro-
cephalus. All children fulfilling the defined
criteria for infantile hydrocephalus and living
in the region at birth were included in the
series. Information relating to gestational age,
birth weight, aetiology of infantile hydro-
cephalus, and any additional major impair-
ments was obtained from obstetric, paediatric,
and neurosurgical records. The mean age of
children at evaluation was 5-5 years (range
3-12).

Information on vital statistics was provided
by the Medical Birth Registration, Statistics of
the National Board of Health and Welfare,
Sweden. The neonatal mortality in the study
population decreased successively during the
periods investigated as shown in fig 1; in the
very preterm group from 343 per 1000 in

1973-8 to 184 per 1000 in 1987-90, that
is by 46%. For statistical calculations the x2
test for contingency tables and trends in
proportions was used.6

Results
This population based study comprised 251
liveborn infants born in 1973-90 and fulfilling
our criteria for infantile hydrocephalus. Of
these, 57 were born very preterm (23%), 46
moderately preterm (18%), and 148 were born
at term (59%). The median gestational age in
the very preterm group was 30 weeks in the
period 1973-8, 28 in 1979-82, 28 in 1983-6,
and 29 in 1987-90. Of the 251 patients, 211
(84%) had required an intraventricular shunt,
19 (8%) had died without a shunt insertion,
and 21 (8%) were conservatively treated and
considered to have arrested infantile hydro-
cephalus.

LIVE BIRTHS
Prevalence
The mean crude prevalence of infantile hydro-
cephalus was 0-60 per 1000 live births; the
mean gestational age specific prevalence was
17-36 per 1000 very preterm infants, 2-24 per
1000 moderately preterm, and 0 37 per 1000
infants born at term. The gestational age
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Table 1 The maldevelopments behind prenatal infantile
hydrocephalus in the present series by gestational age

Gestational age (weeks)

¢37 32-36 <32

Inherited
X linked aqueductstenosis 2 0 0
Other 3 0 0

Chromosomal major aberration* 1 1t 1
Prenatal syndrome
Defined syndromet 6 1 1t
Dandy-Walker and allied 2 2 0
Multiple malformations 19 (30) 8 (54:) 1t

Hydranencephaly 2 4 0
Prenatal isolated cystic

Arachnoidal 4 1 0
Porencephalic 3 0 0
Other 4 1 0

Simple infantile hydrocephalus 20 1 0
Total 66 19 3

*Trisomy 9 (n= 1), trisomy 18 (n 1), translocation 7:18
(n= 1).
tCarpenter's (n= 1), Crouzon's (n=4), Noonan's (n= 1),
Warburg's (n= 1), fetal alcohol syndrome (n= 1).
tNeonatal deaths.

specific prevalence of infantile hydrocephalus
per live births according to birth year period
and aetiology is shown in fig 2. In very preterm
infants, the prevalence of infantile hydro-
cephalus increased significantly during the
periods 1973-8 to 1983-6, from 6-99 to 25-37
per 1000 (p<0-01), and then decreased
slightly 21 47 per 1000. The increase was
entirely due to a higher prevalence of very
preterm infants with a perinatal/neonatal
aetiology of infantile hydrocephalus. A pre-
natal and postnatal aetiology was seen only in
exceptional very preterm cases (three cases and
one case respectively). The group with no
obvious origin of infantile hydrocephalus
decreased over time and occurred in only one
very preterm infant during the two periods
investigated most recently, 1983-90. In the
moderately preterm and full term groups, the
live birth prevalence did not reveal any signifi-
cant change in temporal trends, either in over-
all terms or within the different aetiological
groups.

Neonatal deaths
A total of 12 infants with infantile hydro-
cephalus (5%) died in the neonatal period,
2/57 very preterm, 6/46 moderately preterm,

Table 2 Distribution of aetiology in 239 neonatally surviving infants with infantile
hydrocephalus according to birth year period and gestational age; data are number (%o)

Perinatall
Prenatal neonatal Postnatal No obvious Total

<32 weeks
1973-8 0 4 (67) 0 2 (33) 6 (100)
1979-82 0 8 (67) 0 4 (33) 12 (100)
1983-6 1 (5) 17 (90) 1 (5) 0 19 (100)
1987-90 0 17 (94) 0 1 (6) 18 (100)

Subtotal 1 (2) 46 (84) 1 (2) 7 (13) 55 (100)
32-36 weeks

1973-8 0 2 (29) 0 5 (71) 7 (100)
1979-82 6 (46) 4 (31) 0 3 (23) 13 (100)
1983-6 2 (29) 3 (43) 0 2 (29) 7 (100)
1987-90 5 (38) 4 (31) 0 4 (31) 13 (100)

Subtotal 13 (33) 13 (33) 0 14 (35) 40 (100)
m37 weeks

1973-8 26 (51) 5 (10) 4 (8) 16 (31) 51 (100)
1979-82 10 (34) 4 (14) 1 (3) 14 (48) 29 (100)
1983-6 13 (46) 3 (11) 5 (18) 7 (25) 28 (100)
1987-90 20 (56) 8 (22) 1 (3) 7 (19) 36 (100)

Subtotal 69 (48) 20 (14) 11 (8) 44 (31) 144 (100)
Total 83 (35) 79 (33) 12 (5) 65 (27) 239 (100)

and 4/148 full term. Five of these deaths
occurred in the earlier half of the period inves-
tigated, 1973-82, and seven in the latter half,
1983-90. All 12 neonatally dead infants had a
prenatal aetiology of infantile hydrocephalus,
with severe multiple malformations in 11
(table 1) and intrauterine toxoplasmosis in
one.

NEONATAL SURVIVORS
P"revalence
The crude prevalence of infantile hydro-
cephalus was 0 57 per 1000 neonatal survivors;
the gestational age specific prevalence was
21-65 per 1000 very preterm infants, 1 99 per
1000 moderately preterm, and 0-36 per 1000
infants born at term. The prevalence per 1000
neonatally surviving very preterm infants
increased significantly during the periods
1973-8 to 1983-6, from 9-12 to 29-64 per
1000 (p<0O01) and then decreased slightly to
24-93 per 1000. The prevalence per 1000
neonatal survivors in the moderately preterm
and full term groups did not reveal any signifi-
cant change in temporal trends.

Aetiology
The distribution of aetiology in neonatally
surviving children with infantile hydrocephalus
is shown in table 2. Overlap between aetio-
logical grouping was only present in one case, a
boy (gestational age 32 weeks) with an IVH
grade IV and 60% mosaic trisomy 8. He was
classified as having a perinatal/neonatal origin
of infantile hydrocephalus.

In the very preterm group, a perinatalV
neonatal aetiology of infantile hydrocephalus
dominated and was present in 46 of 55 cases
(84%). Of these 46, 45 had had an IVH and
one listeria meningitis. In the last two periods,
1983-90, the origin of infantile hydrocephalus
could be traced for 36 of 37 very preterm
infants. Of these 36, 34 (94%) had a peri-
natal/neonatal, one a prenatal (chromosome
translocation 7:18), and one a postnatal
aetiology (Escherichia coli meningitis).

In the moderately preterm group, there was an
equal distribution of aetiology, 33% prenatal,
33% perinatallneonatal, and 35% with no
obvious origin of infantile hydrocephalus.
Thirteen infants had maldevelopments of
different types (table 1). Of the 13 infants with
a perinatal/neonatal aetiology, 12 had had an
IVH and one 1 streptococci meningitis in the
perinatal/neonatal period. The proportion of
infants with no obvious origin of infantile
hydrocephalus was highest in the earliest
period 1973-8.

In the term group, a prenatal aetiology of
infantile hydrocephalus dominated, compris-
ing 48%. A perinatal/neonatal aetiology was
found in 14%, a postnatal aetiology in 8%, and
no obvious origin of infantile hydrocephalus
in 31%. Of the 69 infants with a prenatal
aetiology, 63 had maldevelopments of differ-
ent types (table 1), and six were secondary
to congenital infections (five toxoplasmosis
and one parotitis). Of the 20 infants with a
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Table 3 Outcome in 239 neonatally surviving children with infantile hydrocephalus
according to birth year period

Birth year period

1973-8 1979-82 1983-6 1987-90
(n= 64) (n= 54) (n= 54) (n= 67)

Dead <2 years of age 8 6 3 1
Surviving >2 years of age 56 48 51 66
Without additional impairments 31 22 20 27
With additional impairments 25 26 31 39

perinatal/neonatal aetiology, 15 had had
an IVH and five meningitis (one E coli,
two listeria, one klebsiella, and one virus of
unknown type) in the perinatal/neonatal
period.

OUTCOME
The outcome at 2 years of age according to
birth year period is shown in table 3. Eighteen
of the 239 neonatally surviving children had
died before reaching 2 years of age (8%). The
proportion of deaths decreased significantly
during the investigated period, from 8/64
(13%) in 1973-8 to 1/67 (1%) in 1987-90,
p<0 01. Of the 18 deaths, 14 had infantile
hydrocephalus of prenatal origin, five born
moderately preterm and nine at term. The
remaining four had perinatal/neonatally
acquired infantile hydrocephalus, all four born
very preterm. The proportion of children with
infantile hydrocephalus surviving to 2 years of
age with major additional neuroimpairments
increased significantly from 25/64 (39%) in
1973-8 to 39/67 (58%) in 1987-90, p<0 05.
The very preterm infantile hydrocephalus
group comprised significantly more children
with additional major neuroimpairments or
postnatal deaths than the term group, 44/55
(80%) v 69/144 (480/o), p<0 001 (table 4).
This pattern was consistent through the birth
year periods.
A prenatal or perinatal/neonatal aetiology of

infantile hydrocephalus was associated with a
poorer outcome than a postnatal cause or no
obvious origin of infantile hydrocephalus. In
the two most recently investigated periods
1983-90, when an obvious aetiology was
present in 83% of cases, 68% (28/4 1) of the
prenatal group were multi-impaired or had
died before 2 years of age. The corresponding
proportion in the perinatal/neonatal group was
71% (37/52), in the postnatal group (43%
(3/7), and in the group with no obvious origin

Table 4 Outcome in 239 neonatally surviving children with infantile hydrocephalus
according to gestational age; data are number (%)

Gestational age (weeks)

<32 32-36 w37 Total
(n=55) (n=40) (n= 144) (n=239)

Dead <2 years of age 4 5 9 18
Surviving 32 years of age 51 (100) 35 (100) 135 (100) 221 (100)
Without additional impairments 11 (22) 14 (40) 75 (56) 100 (45)
With additional impairments 40 (78) 21 (60) 60 (44) 121 (55)

Cerebral palsy 37 (73) 12 (34) 28 (21) 77 (35)
Mental retardation 28 (55) 16 (46) 36 (27) 80 (36)
Epilepsy 25 (49) 8 (23) 35 (26) 68 (31)
Blind/nearblind 11 (22) 3 (9) 11 (8) 25 (11)
Mean number of impairments in

survivors 2-0 1 1 0-8 1.1

of infantile hydrocephalus 29% (6/21). The
poorest outcome was found in the very preterm
group with a perinatal/neonatal aetiology in
which 82% of cases (28/34) were multi-
impaired or had died before 2 years of age. The
most common additional impairment in this
group was cerebral palsy, present in 25 of 33
(76%) surviving to years of age.

In overall terms, 35% of children with
infantile hydrocephalus surviving to 2 years of
age had cerebral palsy, 36% mental retarda-
tion, 31% epilepsy, and 11% severe visual
impairment (table 4). Major additional neuro-
impairments, which were severely disabling,
were especially frequent in the very preterm
group: 73% had cerebral palsy, 55% were
mentally retarded, 49% had or had had
epilepsy, and 22% were blind or near blind.
The mean number of additional neuroimpair-
ments in children surviving to 2 years of age
was 1 I in overall terms, 2-0 in the very
preterm group, I 1 in the moderately preterm,
and 0 8 in the term group with no difference
over time.

Discussion
The continuous improvement in perinatal care
has resulted in an enhanced general survival
rate, especially among the very preterm
infants. There is no question that large cohorts
of newborns, who would previously have died,
are now saved for a healthy life.1 At the same
time, however, suspicion has been raised that
new care routines have kept alive infants who
were severely brain damaged either prenatally
or around birth,7 or may have had harmful
effects which were not immediately apparent.
So, for obstetricians and neonatologists, neuro-
paediatric long term follow up studies elucidat-
ing aetiological factors constitute an essential
part of a neonatal intensive care service. In this
respect our experience2 8 indicates that infan-
tile hydrocephalus is one appropriate disorder
to study as the vast majority of cases can be
accurately classified in terms of aetiology.
Increasing access to the rapidly developing
neuroimaging techniques has given and will
continue to provide greater potential for
revealing the timing ofbrain damaging events,9
which in turn provides clues to the underlying
mechanisms. Consequently, in the latter part
of this study, comprising birth years 1983-90,
an obvious origin of infantile hydrocephalus
was settled in a total of 83% of cases; in the
case of the very preterm group in all but one of
37 children.
The origins of infantile hydrocephalus are

known to differ strikingly between children
born very preterm and those born at term.2 10 11
Every stage of brain maturation, that is ventral
induction, neuronal proliferation and neuronal
migration, can be associated with or parallel to
infantile hydrocephalus. In addition, children
born very preterm have a high frequency of
intracranial compromise leading to IVH with
the inherent risk of posthaemorrhagic infantile
hydrocephalus. From about 24 to 32 weeks
of fetal life there is a rich and fragile capillary
bed in the subependymal terminal layer. These
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capillaries are highly susceptible to rupture. In
the 1970s, the incidence of IVH in very
preterm infants was reported to be as high as
400/6-90%.12 13 During the 1980s a decrease in
the incidence was reported.'4 In the period
1983-90, 92% of our very preterm infants with
infantile hydrocephalus had a perinatal/neo-
natal aetiology, all but one IVH. Infantile
hydrocephalus in very preterm infants was
therefore considered suitable as a group for
analysis in order to elucidate the advances and
risks of neonatal intensive care. In contrast,
infantile hydrocephalus in more than half of
the corresponding term group was prenatally
derived and only 17% perinatally/neonatally
acquired.
There are essentially two areas in which

follow up studies can serve as feedback to
neonatologists, trends in prevalence rates and
the short and long term outcome. The group of
very preterm infants with a perinatallneonatal
aetiology was entirely responsible for the
demonstrated increase in infantile hydro-
cephalus prevalence. A more detailed analysis
revealed that most of the increase occurred
between the first two periods, 1973-8 and
1979-82 (fig 2), parallel to a shift towards rela-
tively more infants born extremely preterm.
The gestational age in the very preterm group
deceased by two weeks on average between
these two periods and then became fairly con-
stant. In fact, no single infant with infantile
hydrocephalus was born extremely preterm in
the 12 year period 1967-78,3 as compared with
15 in the period 1979-90. We feel that the first
sharp rise could be explained primarily by an
increase in the survival of extremely preterm
infants, a new group with a particular high risk
of IVH resulting in infantile hydrocephalus. In
the next period, 1983-6, there was a further
slight increase in infantile hydrocephalus
prevalence among very preterm infants without
any fall in mean gestational age, thereby indi-
cating that the continuous increase in survivors
was now taking place at the expense of
additional infantile hydrocephalus cases. The
slight decrease in the last period 1987-90
could indicate a better outcome in survivors,
even if there was a simultaneous slight decrease
in survival rate. A similar pattern of unchang-
ing infantile hydrocephalus prevalence in
preterm children was seen in a nationwide
Swedish survey of shunt requiring low birth-
weight infants with infantile hydrocephalus
born at <35 weeks' gestation in the 10 year
period 1979-88.8 At the same time the increas-
ing prevalence of cerebral palsy in very preterm
children also levelled off.'5 Taken as a whole,
this gives rise to the hope of decreasing rates of
neuroimpairment among survivors of very
preterm birth.
Among infants born at term, there is less

future potential for a decrease in infantile
hydrocephalus prevalence. Most full term
cases of infantile hydrocephalus are of prenatal
origin and advanced neonatal intensive care
can scarcely result in anything but more
survivors. Fetal hydrocephalus is now fre-
quently diagnosed intrauterinely and such
infants are delivered by elective caesarean

section near to term. In our experience, infants
with infantile hydrocephalus born moderately
preterm form a transitional category between
those born very preterm and full term, in terms
of both aetiology and outcome in survivors.
The origin of infantile hydrocephalus is the

decisive factor when it comes to outcome in
both term and preterm children. This has pre-
viously been underlined'0 1 and is confirmed
by the results of this study. It is therefore
essential to analyse the type and degree of the
pathological condition behind infantile hydro-
cephalus. In this respect, very preterm children
with IVH and term children with severe malde-
velopments of the CNS were found to be the
most multi-impaired groups.
The trend in infantile hydrocephalus

prevalence were identical when calculated per
1000 live births and per 1000 neonatal
survivors, thereby indicating no shift from still-
born to neonatally dead infants with infantile
hydrocephalus. Five per cent, or 12 infants
with infantile hydrocephalus, died within the
first month of life, all 12 had congenital infan-
tile hydrocephalus with major malformations
of such a scope that they led directly or
indirectly to neonatal death. The deaths were
evenly distributed over the birth year periods.
It is very unlikely that more advanced neonatal
care could have changed the poor prognosis in
these infants. On the other hand, postnatal
deaths up to 2 years of age, which occurred in
18 infants, decreased significantly over time
and in parallel with an increasing proportion of
children with major additional impairments.
The enhanced postnatal survival of children
with infantile hydrocephalus thus resulted
in an increased prevalence of infantile
hydrocephalus at higher ages and also in
an increased proportion with additional
disabilities.

Multi-impairments were seen especially
frequently in the very preterm group in which
every infant had an average of two major
neuroimpairments in addition to infantile
hydrocephalus. The most frequently seen was
cerebral palsy, present in no fewer than 73% of
very preterm infants with infantile hydro-
cephalus. The association between cerebral
palsy and perinatal IVH was extremely strong.
Of a total of 33 very preterm infants with IVH,
born in 1983-90, 25 also had cerebral palsy, all
of which were spastic forms. As intracranial
bleedings resulting in infantile hydrocephalus
are known to precede the appearance of
periventricular haemorrhage and other brain
parenchyma infarctions resulting in cerebral
palsy,'6 17 the data from this study also clearly
indicate a perinatal/neonatal origin of cerebral
palsy in these children. This is well in line with
our experience from patterns in the changing
panorama of cerebral palsy in Sweden through
four decades.15

In the present dynamic and changing world
of modem active neonatology, which is con-
tinuing to enhance survival, indicators of the
long term effects are needed. Our experience
supports the theory that valuable, rapidly
available feedback to neonatologists can be
obtained from a systematic follow up of
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infantile hydrocephalus epidemiology. The
main conclusion from this study is that, even
tough te healthy survivors of very preterm
birth far outnumber the impaired ones, te
very satisfactory increase in neonatal and post-
natal survival has a reverse: the accumulating
cohort of impaired children. Society is
responsible for the welfare work needed by
these children and their parents.
This investigation was supported by grants from the Folke
Bemadotte and Sven Jerring Foundations.
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