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Neuropsychological Findings in Congenital and Acquired

Childhood Hydrocephalus

Maria Mataré,I Carme Junqzxé,l’3 Maria Antonia Poca,

2 and Juan Sahuquillo2

Hydrocephalus is an increase in cerebrospinal fluid volume that can be caused by a variety of etiolo-
gies. The most common connatal and acquired causes of hydrocephalus are spina bifida, aqueduct
stenosis, and preterm low birthweight infants with ventricular hemorrhage. In general, the literature
suggests mild neuropsychological deficits associated with hydrocephalus, which are predominant in
visuospatial and motor functions, and other nonlanguage skills. Althonghthe precise nature of the new-
ropsychological deficits in hydrocephalus are not completely known, several factors such as etiology,
raised intracranial pressure, ventricular size, and changes in gray and white matter tissue composition
as well as shunt treatment complications have been shown to influence cognition. In fact, the pres-
ence of complications and other brain abnormnalities in addition to hydrocephalus such as infections,
trauma, intraventricular hemorrhage, low birthweight, and asphyxia are important determinants of the
ultimate cognitive status, placing the child at a high risk of cognitive impairment.
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Hydrocephalus is an increase in cerebrospinal fluid
{CSF) volume that can be caused by a variety of etiolo-
gies. It is accompanied by enlargement of the ventricles,
and of the head itself if the cranial sutures are still open,
Hydrocephalus is produced by an obstruction to CSF flow
at any point along its path, by impaired absorption or,
more rarely, by an excess of CSF production (Del Bigio,
1993), It has traditionally been classified as congenital
or acquired, communicating or noncommunicating, and
complicated with other brain disturbances or uncompli-
cated (Fletcher ef al., 1995; see Table I).

NATURAL HISTORY OF UNTREATED
HYDROCEPHALUS AND ITS TREATMENT

Before the intreduction of valve shunting systems
meortality was very high, varying from 45 to 53% in dif-
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ferent series (Hirsch, 1992). The majority of children wheo
survived probably presented a type of hydrocephalus of
slow evolution or a spontaneous arrest; only 38% of
survivors achieved normal intellect (Laurence, 1958;
Laurence and Coates, 1962). Overall, in the preshunt era,
about 50% of children died, 17% were dependent, 13%
were independent but unable to work during their adult
life, and 20% were able to work {Hirsch, 1992).

With the advent of shunting procedures in the sec-
ond half of the twentieth century, the treatment of hydro-
cephalus became more efficient: Mortality fell to around
15%, and morbidity also decreased considerably. About
27% of the patients are fully dependent, 16% indepen-
dent although unable to work, and about 42% normal and
able to work, Intelligence scores have also improved, al-
though they are still far from normal. Twenty-eight per-
cent of the Intelligence Quotients (IQs) are under 60,
21% between 60 and 80, and 52% above 80. Only 46%
of children eventually attend a normal school (Hirsch,
1992).

At present the only effective treatment for most pa-
tients with hydrocephalus is the CSF shunt. This procedure
consists of deviating the CSF from the veniricle to an-
other body space, usually the peritoneal cavity or atrium,
using a mechanical tube and valve system. Treatment is
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Table 1. Classifications of Hydrocephalus

Eticlogy
Congenital
Adqueduct stenosis
Dandy-Walker syndrome
Chiary malformation
Vein of Galen aneurism
Postnatal or acquired
Acquired aqueduct stenosis
Supratentorial masses causing tentorial herniation
Intraventricular haematoma
Tumours (ventricular, pineal region, posterior fossa)
Abscesses/granuloma
Arachnoid cysts
Site of outflow obstriction
Nencommumnicating or obstructive
Obstruction of CSF flow within the ventricular system
Communicating
Obstruction of CSF flow outside the ventricular system. There is
interference with reabsorption ot an overproduction of CSF
while pathways within the ventricular system remain functional
Presence of complications
Complicated hydrocephalus
Hydrocephalus associated with other clinical problems
Uncomplicated hydrocephalus
Only hydrocephalus

undertaken on the assumption that draining CSF prevents
further damage to the brain, reverses part of the injury al-
ready inflicted, and improves brain function (Del Bigio,
1993). In experimental and clinical studies, shunting has
been shown to reduce intracranial pressure, decrease ven-
tricular size, grossly reconstitute the distorted anatomy,
and improve neurochemical and cognitive functioning (Da
Silva ef al., 1994; Del Bigio ef a/., 1997; Hanlo ef al.,
1997; Kriebel er al., 1993; McAllister I et al., 1991;
Nakada et al., 1992; Suda et gl., 1994; Tashiro and
Drake, 1998). In experimental studies, Suda et al. (1954)
and Del Bigio et al. (1997) demonstrated that carly shunt-
ing in hydrocephalic rats prevented leaming disability,
whereas late shunting was associated with gradual, but in-
complete, recovery (Del Bigio ef al., 1997). Unfortunately,
the shunt technique may have significant (and numer-
ous) postoperative complications. The rate of postoper-
ative infection varies according to author, ranging usu-
ally from 5 to 20%. The rate of shunt failures because
of other causes is also substantial and time-related. A
per-patient shunt revision of 1.5-2.9 has been reported
(Kokkonen ef al., 1994; McCullough and Balzer-Martin,
1982; Rosseau ef al, 1992). Since the successful
development of shunt procedure in the 1970s, the var-
ious complications of the treatment has been gradually
refined. Prognosis of children bom with hydrocephalus
is now more favorable, as reflected by a declining mor-
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Fig. 1. Axial T2 MR (Magnetic Resonance) scan of a patient with con-
natal hydrocephalus shunted in infancy. Note the shunt valvula inserted
in the right lateral ventricle,

tality and morbidity during the last two decades due to
surgical advances (McCuliough and Balzer-Martin, 1982;
Fig, 1).

THE IMPACT OF HYDROCEPHALUS
ON THE BRAIN

The impact of an enlarged ventricular system on the
developing brain is complex. Hydrocephalus produces in-
creased intraventricular pressure that causes expansion of
the ventricles and displacement of adjacent brain struc-
tures. The structural and functional alterations appear fo
occur due to the mechanical distortion of the brain, com-
bined with impaired cerebral blood flow and changes in
metabolism and neurotransmission (Braun ef al., 1997;
Caner ¢f al., 1993; Catalan ef al., 1994; Da Silva et al.,
1994; Del Bigio, 1993; Nakada et al., 1992; Tashiro et al.,
1997; Tashiro and Drake, 1998). In both human and ex-
perimental animal hydrocephalus several brain structores
have been found to suffer damage: the ependyma may
sustain focal destruction; the cerebral blood vessels may
be distorted and collapse; the corpus callosum stretched,
thinned, and displaced upward; other white matter tracts,
especially the axons and myelin in the periventricular
white matter, are normally affected; the caudate nucleus
compressed, and the cortical neurons may also suffer in-
jury (Del Bigio, 1993). Table II shows the MR1 findings
that can be found in hydrocephalus.

The nature and distribution of the neuropathological
changes depend on the age at which hydrocephalus devel-
ops, the rate and magnitude of ventricular dilatation, and
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Table II. Common MRI Findings in Hydrocephalus (E1 Gammal ef a/,,
1987)

1. Dilatation of the third ventricie

2. Inferior bowing and displacement of the hypothalamus

3. Depression of the posterior fornix with increase in the superior
inferior dimensions of the lateral ventricles

4. Uniform smooth thinaing and elevation of the corpus callosum

5. Intraventricular flow void due to CSF movement

6. Paraventricular high signal on proton density and on T2 weighted
images

the duration. In the infant, prior to suture fusion, massive
ventricular enlargement and head expansion may occur.
With obstruction, the ventricles expand in a posterior-to-
anterior direction (Del Bigio, 1993). Severe hydrocephalus
leads to compression of the cerebral cortex, with reduction
of the overall brain mass and the cortical mantle, partic-
ularly in the parietal and occipital regions (Dennis et 4/,
1981; Fletcher ef al., 1996b; McAllister Il et al,, 1991). In
older children and adults, ventricular dilatation is usually
not so extensive as in infants.

As shunt surgery can only incompletely reverse the
damage and the potential for reversal lessens as the dura-
tion of the hydrocephalus increases (particularly in
neonates) the timing of CSF shunt procedures is a con-
cern. Neurosurgeons are constantly weighing the known
complications of shunt placement against the risks of de-
 layed treatment (Tashiro and Drake, 1998). Appropriate
indications and timing for the insertion of a CSF shunt
are as yet not known. Many children with ventriculome-
galia will experience spontaneous arrested hydrocephalus
which is nonetheless not free from cognitive and develop-
mental disturbances (Liechty et al., 1983b).

In older patients with childhood hydrocephalus, both
those not previously operated and those with nonfunction-
ing shunts, moderate and severe ventriculomegalia is often
found in the absence of clinical signs of raised intracranial
pressure. Some authors have indicated that although the
hydrocephalus is apparently arrested, the disorder may
in fact have a detrimental effect on cerebral function in
certain patients (Bret and Chazal, 1995; Di Rocco et al,,
1977; Hammock et al., 1976; Kirkpatrick et al., 1989;
Larsson ef al., 1999; Mataro et al., 2000; McLone and
Partington, 1993; Torkelson et al., 1985; Whittle et al.,
1985). We studied 23 young adults with spina bifida and
assumed arrested hydrocephalus, previously shunted or
not, who had no overt signs of increased intracranial pres-
sure despite the presence of an active or compensated
hydrocephalus according to intracranial pressure moni-
toring criteria. Shunt surgery in this patient group im-
proved their neuropsychological functioning. Six months
after surgery, significant improvements were found in ver-
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bal and visual memory, motor coordination, and atten-
tion and cognitive flexibility {(Mataro et al., 2000). Be-
cause of the fact that prognosis for the treatment of hydro-
cephalus has improved enormously, recent studies argue
for an active approach in the management of these patients
with an apparent arrested hydrocephalus. Because shunt
surgery can improve their cognitive functioning, all pa-
tients with ventriculomegalia deemed to have arrested hy-
drocephalus should be carefully monitored (Mataro et al.,
2000,

MOST COMMON CONGENITAL AND
ACQUIRED CHIEDHOOD HYDROCEPHALUS

Hydrocephalus may be caused by a variety of etiolo-
gies. Congenital causes of hydrocephalus are for example
spina bifida and assoctated Chiari malformation, aque-
duct stenosis, and Dandy-Walker syndrome. Other com-
mon etiologies of acquired infant and childhood hydre-
cephalus include premature infants with intraventricular
haemorrhage, meningitis, traumatic brain injury, tumor,
and infectious diseases. The origin of hydrocephatus is
an important factor when it comes to outcome. Congen-
ital causes of hydrocephalus may be associated to other
abnormalities of neuroembryogenesis such as partial or
complete agenesis of corpus callosum, interdigitation of
the hemispheres, ot a small posterior fossa. In acquired
hydrocephalus, the previously sustained damage is also
a major determinant of the long-term developmental out-
come of these children. It is therefore essential to analyze
the type and degree of pathological condition behind hy-
drocephalus.

Eatly onset hydrocephalus, both congenital and ac-
quired, is ofien associated with abnormalities of the cor-
pus callosum. Because of the anterior—posterior sequence
of the callosal development, depending on the timing of
the insult there may be absence of all or only portions of
the corpus callosum. When there is partial agenesis from
congenital disorders, the genu is nearly always present
because it begins to develop before the body. The ros-
trum and the splenivm are most likely to be small or ab-
sent. In secondary hydrocephalus, such as intraventricular
haemorrhage in premature children, the rostrum and sple-
nium are most commonly present, and the genu and body
thinned or absent (Barkovich, 1995). Correlational stud-
ios of the size of the corpus callosum and cognitive and
motor functions provided evidence of its role played in
nonverbal and motor skills (Fletcher et al., 1992a, 1996a).
Recent studies suggest that children with partial agenesis
of the corpus callosum, when the splenium is missing and
the body hypoplastic, seem to have more difficultly trans-
ferring patterned visual information from one hemisphere
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to another. Tactile and auditory transfer of information are
essentially similar to normals (Hannay, 2000),

Spina Bifida

Spina bifida results from a failure of the neural tube to
close completely, The defect may consist in incomplete fu-
sion of the vertebral branches (spina bifida ccculta) ormay
also involve a protrusion of the meninges (meningocele) or
the meninges and neural structures (myelomeningocele).
Myelomeningocele is the most frequent congenital cause
of hydrocephalus in children. About 95% of the children
with myelomeningocele have an associated Chiari If mal-
formation that introduces a barier to CSF outflow from
the ventricular system to the subarachnoid space. Spina
bifida is also associated with corpus callosum defects and
other less obvious abnonmalities of the brain such as in-
terdigitation of the hemispheres, a small posterior fossa,
and other hindbrain anomalies, Children with spina bifida
sustain a variety of sensory and motor deficits, the sever-
ity of which depends on the spinal level and the degree of
cord involvement of the dysraphic lesion. Impaired motor
skills and hand function may also result from the Chiari
malformation, which produces major effects on cerebellar
functioning. They may also suffer disturbance of oculo-
motor function (Dennis ef al,, 1981},

Spina bifida and hydrocephalus is associated with
mild cognitive impairment, poor academic skills in arith-
metic, disturbances in visual and tactile perception, fine
motor speed, and perceptual motor-integration, and mitdly
limited ability to reason and judge cause and effect ade-
quately (Hurley ef al., 1990; Prigatano ef al., 1983;
Thomson ef al., 1991). IQ scores tend to be in the average,
low-average and bordetline range (Chervenak ef al., 1984;
Hutleyetal., 1990; lto et al., 1997; McCullogh and Balzer-
Martin, 1982; McLone ef al., 1982). Several studies have
shown specific biological and medical risk factors in this
poputation. The presence of complications (McLone et al.,
1982), and the lesion level and shunt status has been shown
to have significant effects on K) (Blaymore et al., 1997;
Fig, 2).

Aqueduct Stenosis

Children with agueduct stenosis present ventricu-
lomegalia due to blockage of the normal CSF flow at the
aqueduct of Sylvius. Aqueduct stenosis is often accompa-
nied by abnormalities of the corpus callosum, including
partial agenesis. Dennis et al. (1981) found that children
with agueduct stenosis had lower levels of nonverbal intel-
ligence, in relation to their own verbal cognifive skills, than
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Fig. 2. Coronal T1 MR image of a 23-year-old girl with spina bifida
miclomeningocele and hydrocephalus shunted 19 days after birth, It
demonstrates expansion of the lateral ventricles and third ventricle. She
showed an average level on verbal leaming, impaired long-ferm retrieval
and marked deficits in visual memory tasks. Notable deficits were also
found in visual spatial processing and motor functioning.

that of postnatal etiologies. McCullogh and Balzer-Martin
(1982) found that in children with aqueductal block mean
1Q fell into the borderline category. In a recent long-term
follow-up of 78 patients with agueductal stenosis, 68%
of the cases achieved a good outcome. Although some
of them presented motor abnormalities, all of these pa-
tients could attend normal school courses or have regular
jobs. Twenty-four percent of the cases were moderately
disabled, and 8% severely handicapped and totally depen-
dent. Unfortunately, only 45% of the patients showed a
normal cognitive and motor development (Villani et al.,
1993).

Hydrocephalus in Preterin Low Birthweight Infants
and Ventricular Haemorrhage

Intraventricular hemorrhage as a consequence of pre-
maturity and low birthweight is the most common peri-
natal etiology of hydrocephatus. Most investigators have
found an incidence of hemorrhage of 40% in infants of
very low birthweight (<1.500 g), with subsequent posthe-
morrhagic ventricular dilatation in a significant percentage
of cases (Lictchy ef al., 1983a). Hydrocephalus in these
infants is characteristically associated with a moderate to
severe hemorrhage. The hemorrhage leads to destruction
of the brain and may result in the development of a poren-
cephalic cyst with concomitant neurologic deficits. Spe-
cific neurological deficits may depend upon the laterality
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and severity of the hemorrhages and the resulting poren-
cephalic cyst. Both the hemorrhage and hydrocephalus
can cause corpus callosum anomalies. These infants are
at high risk of acute medical complications: hypoxia, res-
piratory problems, seizure activity, and feeding difficul-
ties that further compromise the infants’ development.
Many studies have indicated that infants who sustain se-
vere hemorrhages have a worse oufcome than infants with
lesser bleeds do (Dykes ef al., 1989; Hanigan ef al., 1991;
Levy et al., 1997; Pikus ef al., 1997). Birthweight and
gestational age has also been associated with neurobe-
havioral development (Dykes ef al., 1989; Fletcher et al.,
1997; Levy et al., 1997). The poor outcome of these chil-
dren has been related to previously sustained brain dam-
age in addition to the hydrocephalus (Liechty et al.,
1983a).

NEUROPSYCHOLOGICAL CONSEQUENCES OF
INFANT AND CHILDHOOD HYDROCEPHALUS

Hydrocephalus is associated with a variety of cog-
nitive deficits. Although several reports suggest a nonmnal
or low-average intelligence in hydrocephalic children, this
does not necessarily mean the absence of neuropsycholog-
ical deficits (Berker ef al., 1992; Prigatano et al., 1983).
Persistent difficulties in academic performance in hydro-
cephalic children are often found, even with propetly op-
" erating shunts. This poor academic performance may be
associated with neuropsychological deficits not sampled
by traditional IQ measures (Prigatanc ef al., 1983), Many
previous studies of infant and childhood hydrocephalus
have focused on intelligence measures; few investigations
have reported on comprehensive neuropsychological as-
sessments. In general, the literature suggests mild neu-
ropsychological deficits associated with hydrocephalus,
which are predominant in visuospatial and motor func-
tions, and other nonlanguage skills. Verbal skills are intact
in many children, although problems with language at the
level of discourse are reported. It has been suggested that
the nature of the deficits in hydrocephalus is consistent
with the neurcbehavioral characteristics of the Nonverbal
Leaming Disabilities (NLD}) Syndrome (Fletcher et al.,
1995).

Intelligence

Congenital or acquired hydrocephalus in childhood
may affect the level and pattern of intelligence. Overall
IQ has been reported to be in the range of low-average or
below (McCullough and Balzer-Martin, 1982; McLone
et al., 1982). The most frequent finding is that nonver-

173

bal intelligence is less developed than verbal intelligence
(Dennis et al., 1981; Donders et al., 1991; Fletcher et al.,
1992b). The level of intelligence has been related to the
presence and type of hydrocephalus (Dennis et al., 1981;
McCullough and Balzer-Martin, 1982}, the ventricular
size or thickness of the cortical mantle before or after
shunting (Liechty et al., 1983b; McCullough and Balzer-
Martin, 1982; Thompson et al., 1982), shunt treatment
(Fletcher et al., 1997), the degree of myelination (Hanlo
et al,, 1997; Van der Knaap et al., 1991), raised intracranial
pressure (Van der Knaap ef al., 1991), and the presence of
complications (Dennis et al., 1981; McLone ef af., 1982;
Thompson et al., 1982). In fact, the presence of complica-
tions and other brain insults in addition to hydrocephalus
such as infections, trauma, intraveniricular hemorrhage,
low birthweight, and asphyxia are important determinants
of the ultimate cognitive status, placing the child at a high
risk of cognitive impairment. However, variables such as
the number of shunt revisions have not been shown to
have a significant effect on ultimately inteflectual perfor-
mance {Dennis ef al., 1981; Villani ef al., 1995}, Con-
versely, in a long-term follow-up of children with hydro-
cephalus, moderately and severely disabled patients had
lower shunt revisions and longer time interval between
shunting and revisions than patients with more favorable
prognosis (Villani ef al., 1995; Fig. 3).
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Fig. 3. Sagittal view of a connatal nonshuated hydrocephalus in 2
27-year-old girl. Note the Iateral ventricles enfargement and white
matter degeneration. At present her intellectual scozes place her in the
low average range (Full Scale 1Q = 84; Verbal 1 = 81; Performance
1Q = 84). Memory scores reveal mild impairment in verbal memory
and marked impairment in recall of nonverbal visual material. Lowered
performance was also noted in visual perceptual skills and fine motor
speed.
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Visuospatial and Motor Skills

A reduced efficiency of complex visuospatial abili-
ties in hydrocephalic children has been consistently doc-
umented (Donders ef al., 1991; Fletcher et al., 1592b;
Fletcher et al., 1996b; Prigatano et al,, 1983). It has been
suggested that the refative inefficiency of hydrocephalic
children in these visuospatial measures is a reflection of
dysfunction in the posterior regions of the brain (Dennis
et al., 1981; Donders ef al., 1991; Fletcher ef al., 1992a;
Fletcher et al., 1996b). Some studies have tried to relate
these poorer nonverbal cognitive skills to the condition
of the hydrocephalic brain and related factors. Dennis
el al. (1981) found that in hydrocephalic childien the
presence of visual, motor or seizure symptoms, and pos-
terior cortical-manile thinning appears to be associated
with poorer nonverbal intelligence. Fletcher et al. (1992a)
and Fletcher ef al. (1996a) have demonstrated a strong
relationship between measures of spatial cognition and
the area of corpus callosum and other white matter tracts,
In another study, the same authors found that children
with hydrocephalus and greater posterior cerebrospinal
fluid percentages showed significantly poorer visuospa-
tial skills. The more pronounced problems in these tests
could be related to hydrocephalus-related changes in the
posterior cortex that mediates visuospatial functions and
to anomalies of the splenium of the corpus callosum that
interconnects the primary and secondary visual cortex
(Fletcher et al., 1996b).

Poor performance on gross and fine motor function
and bimanual motor function has also been reported. Hy-
drocephalus may impair gross motor function by deform-
ing the cerebellum; affect fine motor control by disturbing
the kinesthetic-propioceptive basis of hand control; and
impair bimanual motor function by causing stretching of
the corpus callosum. These impairments in motor func-
tion, together with the visual abnormalities common in
hydrocephalic children, may contribute to their difficul-
ties in nonverbal tasks (Dennis ef al., 1981).

Memory

Systematic and comprehensive assessment of mem-
ory functioning in hydrocephalic children has not been
carried out. The relationship between the type and pattern
of memory deficits and hydrocephalus related factors have
not been either established yet. The few studies performed
regarding memory have offered mixed resulis. Some au-
thors have found verbal and visual memory impairments
(Fletcher ef al., 1992b; Prigatano et al., 1983) whereas oth-
ers have not (Donders ef al., 1991). Prigatano et al. (1983)
found poorer initial verbal recall and poorer consistency of

Matard, Jungué, Poca, and Sahuquillo

recall over the five trials in the Fuld Object-Memory Test
in a group of children shunted for uncomplicated hydro-
cephalus with normal 1Q. They also found poorer perfor-
mance in the Benton Visual Retention Test Graphomotor
form, but not in the visual recognition form of the same
test. Fletcher er al. (1992b) reported significant deficien-
cies on verbal and nonverbal selective reminding tests. In
the study of Donders et al., verbal memory was assessed
by the Selective Reminding Test, and visual memory by
the Spatial Memory subtest of the Kaufman Assessment
Batiery for Children. Although they did not report evi-
dence of memory deficits in their sample, their patients
showed a low performance in these tests and were not
compared with a control group.

Language

Although differential right-hemisphere damage is
frequently suggested by the well-documented finding of
impaired visuospatial abilities and lower performance 1Q,
disturbances of language functioning, especially at the
level of pragmatics and discourse, have also been reported
in early hydrocephalus, Hydrocephalic language is neither
globally impaired nor globally proficient. Rather, within
particular language domains, hydrocephalics scem fo be
less-skilled (Dennis et al., 1987).

Some patients with hydrocephalus manifest the
“cocktail party syndrome,” which is characterized by an
hyperverbal behavior with good articulation, vocabutary
above the apparent mental level, shallow intellect, and
poor social and academic skills. The use of tangential fan-
guage irrelevant to the conversation, excessive stereotypic
phrases, overfamiliary of manner, and verbal persevera-
tion are also characteristics of this syndrome, afl of which
is reminiscent of a frontal lobe personality (Hurley ef al.,
1990).

Tew and Laurence (in Hurley et al., 1990) devel-
oped an operational definition of the “cocktail party syn-
drome” based on subjects meeting four out of five criteria
(Table II1). The “cocktail party syndrome” is particularly
prevalent in individuals with spina bifida and hydroce-
phalus and has been reported to ocour in 28-41% of hy-
drocephalic children. Factors such as intefligence level,

Table III. Criteria for Cocktail Party Syndrome

Fluent and well-articulated speech
Excessive use of social phrases
Overfamiliarity of manner

Veibal perseveration

Irrelevant verbosity

Note. Subject must meet four of five criteria.
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sex, and the degree of physical handicap have also been
implicated. The incidence appears to decrease with age.

Executive Functions

Measures involving nonverbal problem solving tasks,
such as the Tower of London and the Wisconsin Card Sort-
ing Test, have been reported deficient in children with
shunted hydrocephatus (Fletcher ef al., 1995; Fletcher
et al., 1996a,b). Fletcher ef al. (1995) found that patients
solved significantly fewer correct problems in these tests.
Because of the fact that there were no differences in the
indices commonly associated with executive functions,
the authors suggested that the findings could be inter-
preted in terms of problems with attention systems me-
diated by posterior regions of the brain, Morphometric
studies have not been able to relate executive measures
with hydrocephalus-related variations in brain tissue com-
position (Fletcher ef al., 1996a,b). These results scem to
support the more pronounced posterior deficits associated
to childhood hydrocephalus. As maturation of frontal lobe
systems develops until adulthood, further studies of exec-
utive functioning in older hydrocephalic patients are re-
quited in order to clarify the effects of early hydrocephalus
on frontal lobe functions.

_ Behavior

Data regarding the occurrence of behavioral prob-
lems in children with hydrocephalus is limited. In the
preshunt era, Hagberg and Sj6gren {1966) claimed that
almost two thirds of children with hydrocephalus, with
and without mental retardation, had significant behavioral
problems. However, Fernell et al. (1991), in a sample
of 81 children, 88% of whom were shunt treated, re-
ported that only children with hydrocephalus and men-
tal retardation had more behavioral problems than those
with no retardation and controls. Children with hydro-
cephalus and without mental retardation did not differ
from controls,

NEUROIMAGING STUDIES IN CHILDHOOD
HYDROCEPHALUS

Some computerized tomography (CT) and magne-
tic resonance imaging (MRI) studies have been able to
demeonstrate and confirm the structural abnormalities in
hydrocephalus and relate them with the cognitive status of
the brain. These studies may help to elucidate the anatom-
ical and physiopathological bases of hydrocephalus, and
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increase the understanding of the relationship between
brain structure and function.

The degree of hydrocephalus measured on CT scans
has been related to 1Q scores (Lietchty ef al., 1983b;
McCullough and Balzer-Martin, 1982; Thompson et al.,
1982). MRI studies have found relationships between the
extent of myelination and psychomotor development
(Hanlo et al,, 1997; Van der Knaap et al., 1991). Other
hydrocephalus-related changes in the lateral ventricles,
and white matter tracts (corpus callosum and internal cap-
sules) were also related with cognitive skills, the correla-
tions being higher for nonverbal measures (Fletcher ef al.,
1992a, 1996a). Interestingly, the same authors (Fletcher,
et al., 1996) recently found a reduction in overall gray
matter percentages and comesponding increases in CSF
percentages that were more pronounced in posterior re-
gions, whereas white matter percentages were reduced
only in the left posterior quadrant. Correlations of pos-
terior, but not anterior, CSF and gray matter percentages
with verbal and nonverbal cognitive abilities were signifi-
cant. The stronger correlations for posterior than anterior
brain measurements may reflect the posterior-to-anterior
progression of childhoed hydrocephalus, corpus callo-
sum anomalies, or both. These findings also demonstrate
the significant contribution of gray matter destruction or
dysfunction in the neuropsychological deficits found in
hydrocephalus.

Little is known about cerebral blood fiow and meta-
bolism in children with hydrocephalus. In four hydro-
cephalic infants without severe ncurological deficits,
positron emission tomography (PET) scan showed hypop-
erfusion in frontal, parietal, and visual association cortices
that surrounded dilated anterior or posterior homs of the
lateral ventricles. Postshunting studies in two of the pa-
tients demonstrated increased cerebral metabolic rate of
oxygen, although little change was observed in cerebral
blood flow (Shirane ef al., 1992). In another study us-
ing single photon emission computed tomography tech-
nique {SPECT) two infants with posthemaorrhagic hydro-
cephalus were assessed. Markedly diminished bilateral
perfusion was seen in one infant with increased head cir-
cumference and bulging fontanelle, which recovered fol-
lowing shunt placement. The other infant had a mild ven-
triculomegaly and the SPECT revealed no abnormalifies
in cerebral perfusion (Haddad er al,, 1594),

CONCLUSION
The precise neuropsychological effects of hydroce-

phalug differ between individuals and are further com-
plicated by other brain abnormalities, as well as by the
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preexisting degrees of ability and personality. The child’s
prognosis is as much based on the hydrocephalus, as on
its cause and treatment complications. It is not surprising
therefore that although for instance some children are cog-
nitively normal, others may have subtle neuropsychologi-
cal deficiis and others a severe mental retardation. Despite
that, hydrocephalus by itself is associated with mild cog-
nitive deficits in certain domains of function with relative
preservation of others.

Recent advances in medical technology and aggres-
sive treatment have increased the rates of survival and re-
duced morbidity. Many children with hydrocephalus now
have the same life expectancy as the nonmal population.
Nevertheless, the peculiar characteristics of hydrocepha-
lus expose these children to acute and chronic medical
problems. Although chronological changes of newrologic
and cognitive manifestations are well-known in early pe-
riods of development, little is known about the prognosis
of medical, neuropsychological, and psychosocial prob-
lems of these children in adult life, Care must be taken
even in asymptomatic patients with nonshunted ventricu-
lomegalia or nonfunctioning shunts and assumed arrested
hydrocephalus. Intellectual quotient scores might not be
sensitive enough to the hydrocephalic condition. Careful
medical monitoring and a comprehensive baseline neu-
ropsychological assessment and longitudinal evaluation
might be essential to document the stability of the
hydrocephalic condition, shunt integrity, normal cogni-
tive development, and any changes in neurobehavioral
functioning. These data may be highly sensitive to the
physiological status of hydrocephalus and may contribute
significantly fo decisions about shunt functioning. Neu-
ropsychological assessment is also essential in monitoring
rehabilitation strategies, academic planning, and prepa-
ration for gainful employment (Baron and Goldberger,
19%3).

Hydrocephalus is a highly heterogencous illness as-
sociated to a variety of etiologies, brain anomalies and
insults, and therapeutic factors, Neuropsychological liter-
ature in hydrocephalic children is still limited and has sev-
eral deficiencies. There are selection biases, inclusion of
hydrocephalic patients of different etiologies, smail sam-
ples and frequently failure to document the severity and
type of hydrocephalus, the contribution of other brain ab-
normalities, and other therapeutic variables such as the
valve systems used. Further neuropsychological studies
concerning the complex association of hydrocephalus and
cognition are required. Increasing access to new functional
and structural neurcimaging methodologies will probably
provide new clues to the understanding of the pathophysi-
ology of hydrocephalus and insight on the manner in which
hydrocephalus affects cognition. Such research would be

Mataré, Junqué, Poca, and Sahuquillo

helpful to improve the cognitive development of children
with early hydrocephalus.
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