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Objectives: To determine the relative impact of hydrocephalus and spinal dysraphism in young adults on
intellectual and cognitive functioning. Sub-groups of patients with congenital hydrocephalus and/or spina
bifida were assessed between 1995 and 2003. The entry criteria were that individuals should have (i)
intact global function, (ii) average verbal intelligence (or above), and (iii) should not have clinical
depression. There were three sub-groups: patients with hydrocephalus and spina bifida, patients with
hydrocephalus without spina bifida, and patients with spina bifida without hydrocephalus.
Methods: Patients were neuropsychologically assessed as part of their normal clinical assessment during
their annual medical review. Each individual completed a screening battery assessing global functioning,
verbal intelligence, and mood. In addition they completed additional tests including measures of emotional
intelligence, memory, attention, and executive function. Results were analysed to compare the
performance of the patient sub-groups and to compare them to a healthy control group.
Results: Patients with hydrocephalus (with or without spina bifida) were significantly impaired on the vast
majority of all test scores as compared to patients with spina bifida and healthy controls. They were
particularly poor on measures assessing executive function. By contrast for patients with spina bifida with
no associated hydrocephalus, the significant majority of all test scores fell within the average range or
above.
Conclusions: The neuropsychological profile of patients with hydrocephalus is one of relative impairment
and this is so whether or not spina bifida is present. In spina bifida alone, in the absence of hydrocephalus,
cognitive function is relatively spared.

T
he studies of cognitive function in patients with
hydrocephalus have primarily been carried out in
children. The general consensus is that overall such

subjects have reduced cognitive functioning compared to
healthy children,1–5 particularly with regard to poor attention
and high distractibility,6 7 impaired memory, possibly asso-
ciated with poor strategy,8 reduced language skills,6 9–14 and
finally maths, numeracy, and problem solving difficulties.15 16

In a post-hoc analysis of a group of 115 patients out of 233
children with hydrocephalus who had undergone a shunt
operation between 1964 and 1984, Lumenta and Skotarczak17

reported that the majority had no cognitive deficits (63%) but
the remainder (37%) showed problems with memory and
concentration, reduced intellectual ability, and decreased
performance in school.
There are many factors which complicate the interpretation

of cognitive test results in congenital or early acquired
hydrocephalus. The patient group is heterogeneous with a
wide variety of causes (prematurity, meningitis, haemor-
rhage, spinal dysraphism, Dandy-Walker syndrome, tuberous
sclerosis, Meckel syndrome, Smith-Lemli-Opitz syndrome,
etc) and varying degrees of physical disability. There is a high
incidence of epilepsy (40%), albeit usually mild. Medications
and approaches to treatment vary, for example, some patients
are shunted (using a wide variety of devices) very early on,
whilst others appear to ‘‘arrest’’ spontaneously, but remain at
risk of sudden and sometimes lethal deterioration, and there
has also been a resurgence of enthusiasm for third
ventriculostomy to try and avoid shunting.
The impact of the high incidence of concomitant spina

bifida (approximately 80%) has not been adequately studied.
A number of studies refer only to spina bifida but do not
define how many of the subjects also had hydrocephalus.
Several studies have reported cognitive dysfunction in

children and young adults with spina bifida,7 18–21 whereas
other authors suggest that children with spina bifida score
closer to the ‘‘normal’’ range on cognitive tests.8 There does
not appear to be a clear consensus from the published studies
whether hydrocephalus and/or spina bifida is the main cause
of any cognitive dysfunction. Clearly hydrocephalus as a
brain disorder, sometimes accompanied by other abnormal-
ities such as agenesis of the corpus callosum and delayed
myelination, is more likely to be the cause of cognitive
dysfunction than spinal dysraphism affecting the lumbar
spine. However, the latter may be accompanied by low self-
esteem due to the physical disability, which may impact
on education and subsequent intellectual and cognitive
function.22–25

Any study that seeks to compare the neuropsychological
profiles of different patient groups must control for intelli-
gence. Although the majority of young subjects with
hydrocephalus have measurably average intelligence, there
are subgroups with mild or moderate learning disability and
others with high average IQ or above. Hagberg26 found that
lower IQ and neurological abnormalities were particularly
associated with behavioural problems. Other studies have
tended to report generally about intelligence in hydrocepha-
lus without dividing the patients into sub-groups. For
instance, there have been reports of reduced performance
IQ scores, for example on tests of reasoning and comprehen-
sion,11 and poor visuospatial and perceptual skills,7 27 but in
the presence of preserved performance on verbal intelligence
tasks.28 In contrast, Ingram and Naughton9 and Simpson and
Hemmer29 have reported intelligence to be in the ‘‘normal’’
range in the majority of individuals with hydrocephalus and

Abbreviations: NPH, normal pressure hydrocephalus
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that this is not a factor in causing overt intellectual
disabilities or consequent handicap in school or employment.
Older adults with acquired ‘‘normal pressure’’ hydro-

cephalus (NPH) show a similar pattern of cognitive impair-
ment to that reported for children with hydrocephalus,
namely difficulties with memory, which often improve post-
shunt,30–33 and frontal lobe executive functioning, which does
not seem to benefit from shunting.34–39 It is difficult to make
direct comparisons about profiles of cognitive dysfunction
because NPH patients are much older and may have other
comorbidity such as hypertension, small cerebral vessel
disease, and Alzheimer’s disease.
The main aim of the present study was to clarify, using a

broad range of sensitive cognitive tasks, what cognitive
difficulties patients with congenital hydrocephalus and/or
spina bifida have once they reach adult life. Only patients
with verbal intelligence in the average range or above were
included to avoid difficulties of interpretation due to low IQ
or learning disability. Individuals with significant depression
were also excluded as mood disorder itself causes cognitive
dysfunction. Three patient groups were included: patients
with hydrocephalus and spina bifida, patients with hydro-
cephalus without spina bifida, and patients with spina bifida
without hydrocephalus. A healthy control group was also
included for comparisons with the normal population.

METHODS
Patients
Patients completed a brief neuropsychological test battery
together with as many cognitive tests as there was time for as
part of their routine clinical assessment between 1995 and
2003 in two tertiary referral centres: (i) at the Chelsea and
Westminster Hospital in London at a specialist hydrocephalus
and spina bifida day clinic40 medically overseen by a
consultant physician (DJRM) and (ii) at Addenbrooke’s
Hospital in Cambridge overseen by a consultant neurosur-
geon (JDP). All patients were diagnosed with hydrocephalus,
which was either congenital or acquired soon after birth. All
hydrocephalus patients included had undergone shunt
surgery at an early age (ventriculoperitoneal or ventriculotrial
shunting using either a Medos-Programmable or Delta level 1
valve). All patients were assessed by the principal psychol-
ogist (JLI) or by a supervised research assistant. Patients
were excluded on the following basis: intelligence score
under 90, scoring below cut off on the global screening
measure, partial sight, or significant depression.
For the majority of the tests patients were divided into

three main groups: group 1 individuals with hydrocephalus
and spina bifida, group 2 individuals with hydrocephalus
alone (that is, no concomitant spina bifida), and group 3
individuals with spina bifida alone (that is, no concomitant
hydrocephalus). On three tests (Hopkins, Trails, and the Eyes
Test, see below) there were not enough data in each group to
warrant separate sub-group comparisons and only two
groups were compared—group 1 patients with hydrocephalus
with or without spina bifida and group 2 patients with spina
bifida alone.
As well as sub-group comparisons the patient groups were

also compared to an age and intelligence matched healthy
control group. These controls were screened for neurological
and psychiatric disorders and came from the Cambridge area.
For some tests only normative databases were available and
in these cases comparisons were made and the proportion of
scores in the normal range documented.

Neuropsychological testing
Each patient completed a battery of screening tests to assess
verbal intelligence, mood, and level of global functioning.
Estimated verbal intelligence (IQ) was measured using the

National Adult Reading Test41—patients were excluded if
they scored less than 90 (that is, below average). Mood and
depression were screened for using the Beck Depression
Inventory42—patients were excluded if they scored in the
moderately depressed range or above. The Mini Mental State
Examination43 was used as a general cognitive screening
measure—patients were excluded if they scored below 27.
In addition, following the administration of the standard

screening battery a further battery of cognitive tests was
administered to each person, in a randomised order. Due to
lack of time, not all patients were able to complete every test.
The test sessions took place in a quiet, private room in the
hospital. Some of the tests were paper and pencil based and
some were computerised and included tasks assessing a
broad range of cognitive functions. These have been
described in detail elsewhere but a brief description and
reference are provided here.
The Eyes Test of Emotional Judgment/Intelligence has

previously been shown to be impaired in individuals with
autism.44 Verbal and Semantic Fluency45 evaluates the
spontaneous production of words beginning with a given
letter or from a specific semantic category within a limited
amount of time. The CANTAB tests assess visual and spatial
recognition memory,46 47 spatial memory span,48 51 spatial
working memory and strategy50 and attentional set-shifting
(including rule learning and cognitive flexibility).49 50 The
Trails A and B Tests51 assess attention, sequencing, mental
flexibility, visual search, and motor function and the Hopkins
Verbal Learning Test52 assesses immediate verbal recall,
learning, recognition memory, and delayed memory recall
(including measures of strategy and intrusion error).

RESULTS
Analysis of variance was performed using Statview to
compare patient sub-groups and the matched control group.
If there was a significant effect of group, pairwise compar-
isons were made using Fisher’s test. Where control data were
not available, unpaired t tests were used to compare the
hydrocephalus and spina bifida groups (for Hopkins and
Trails Tests) and data were compared to a normative control
database (percentages are reported).
Group numbers, means, and standard deviations of all

cognitive tasks are displayed in table 1. Means and standard
errors of specific test scores are depicted in figs 1–7. Results
are detailed below. In summary, there was no significant
difference between any of the groups on the Eyes Test of
Emotional Judgement. On all other cognitive test measures,
there was no significant difference between the two hydro-
cephalus sub-groups, but both sub-groups were significantly
impaired compared to patients with spina bifida without
hydrocephalus (with the exception of performance on the
CANTAB Visual Recognition Memory task and on the
CANTAB Spatial Working Memory strategy score) and across
the board when compared to healthy controls. By contrast,
there was no significant difference on the majority of the test
measures between the spina bifida alone and healthy control
group, with the exception of the semantic fluency task where
the spina bifida group generated fewer words. However, it
should be noted that all individual test scores of the spina
bifida alone group fell within the normal range according to
the normative database, and they were significantly better
when compared to the hydrocephalus sub-groups.

Summary of test results
Normal range is defined as a low average performance or
above (that is 10th percentile or above).

The Eyes Test of Emotional Judgment
Contrast all groups F=2.86, p=0.062.
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Verbal Fluency
Contrast all groups F=21.4, p,0.01. Sub-group contrasts
hydrocephalus (hydro) and spina bifida (SB) v hydro alone
p=0.76, v SB alone p,0.01, and v controls p,0.01. Hydro
alone v SB p,0.01 and v controls p,0.01. SB v controls
p=0.56.

Semantic Fluency
Contrast all groups F=25.3, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.53, v SB alone p,0.01, and
v controls p,0.01. Hydro alone v SB p,0.01 and v controls
p,0.01. SB v controls p,0.01.

CANTAB Visual Recognit ion Memory test
Contrast all groups F=5.6, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.39, v SB alone p=0.053,
and v controls p,0.01. Hydro alone v SB p,0.05 and v
controls p,0.01. SB v controls p=0.87.

CANTAB Spatial Recognition Memory test
Contrast all groups F=15.5, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.43, v SB alone p,0.01, and
v controls p,0.01. Hydro alone v SB p,0.01 and v controls
p,0.01. SB v controls p=0.31.

CANTAB Spatial Memory Span
Contrast all groups F=14.7, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.16, v SB alone p,0.05, and
v controls p,0.01. Hydro alone v SB p=0.15 and v controls
p,0.01. SB v controls p=0.07.

CANTAB Spatial Working Memory errors
Contrast all groups F=16.1, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.89, v SB alone p,0.01, and
v controls p,0.01. Hydro alone v SB p,0.01 and v controls
p,0.01. SB v controls p=0.36.

CANTAB Spatial Working Memory strategy
Contrast all groups F=2.77, p,0.05. Sub-group contrasts
hydro and SB v hydro alone p=0.69, v SB alone p=0.07, and
v controls p,0.05. Hydro alone v SB p,0.05 and v controls
p,0.05. SB v controls p=0.60.

Figure 1 (A) Verbal fluency; (B) semantic fluency. Figure 2 (A) Pattern recognition memory; (B) spatial recognition
memory.

Figure 3 Spatial memory span.
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Attentional Set-Shift ing (total errors)
Contrast all groups F=18.5, p,0.01. Sub-group contrasts
hydro and SB v hydro alone p=0.61, v SB alone p,0.01, and
v controls p,0.01. Hydro alone v SB p,0.01 and v controls
p,0.01. SB v controls p=0.80.

The Trails A test
Contrast all groups F=4.79, p,0.05. Hydro 65% in normal
range, SB 100% in normal range.

The Trails B test
Contrast all groups F=9.11, p,0.01. Hydro 39% in normal
range, SB 92% in normal range.

Hopkins Immediate Recall
Contrast all groups F=19.7, p,0.01. Hydro 83% in normal
range, SB 100% in normal range.

Hopkins total three-trial learning
Contrast all groups F=19.46, p,0.01. Hydro 31% in normal
range, SB 100% in normal range.

Hopkins Recognit ion Memory
Contrast all groups F=5.37, p,0.05. Hydro 95% in normal
range, SB 100% in normal range.

Hopkins Delayed Recall
Contrast all groups F=8.28, p,0.01. Hydro 34% in normal
range, SB 83% in normal range.

Hopkins strategy score
Contrast all groups F=21.7, p,0.01.

Hopkins intrusion errors
Contrasts all groups F=6.60, p,0.05.

DISCUSSION
In this study, sub-groups of patients with hydrocephalus and/
or spina bifida were compared. These groups were compared
to a matched healthy control group and/or to normative
databases. It was clear from the group analysis that, while
patients with hydrocephalus (with or without spina bifida)
appeared to be normally intelligent on a traditional measure
of verbal IQ, with normal emotional intelligence, as a group
they showed a global pattern of impairment on all other tasks
as compared to patients with spina bifida and matched
controls.

Overall the hydrocephalus groups had a high spread of
scores, which were not normally distributed, with signifi-
cantly more scores falling within the low average range or
below. Neuropsychological assessment and cognitive profil-
ing in hydrocephalus can start to explain the anecdotal
difficulties reported by individuals and their relatives against
the background of preserved intellectual and social function-
ing. In contrast, individuals with spina bifida without
associated hydrocephalus overall do not appear to demon-
strate significant cognitive impairment, although issues
around physical disability and self-esteem are potentially
confounding factors and may account for some of the outliers
in this group. Several studies have highlighted these
complicating factors when assessing behaviour and self-
confidence in relation to SB,22 53–55 although in contrast, other
studies have reported no significant difference on measures
of self-confidence and global worth in individuals with
SB.56 57 Certainly the results of this study and in this
particular group of individuals with spina bifida, suggest
that although self-confidence issues may be important, they
do not seem to be associated with significant cognitive
dysfunction. Overall we have found that patients with spina
bifida follow a fairly normal distribution in terms of their test
scores. In addition they do not have the same difficulties in
life as individuals with hydrocephalus and are often high
achievers.
Close inspection of the data suggests that there are some

types of function which are impaired in the majority of

Figure 4 Spatial working memory errors. Figure 5 Attentional set-shifting task.

Figure 6 Trails B sequencing.
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individuals with hydrocephalus and other types of function
which are only impaired in a few. So for example, there were
many more average scores or above on tests of semantic
fluency (81%), verbal recognition memory (66%), spatial
memory span (77%), and visual recognition memory (60%).

By contrast hydrocephalus patients showed a much lower
distribution of scores with the majority in the low average
range or below on tests of verbal learning ability (73%),
delayed verbal recall (81%), spatial working memory (73%),
attentional set-shifting (63%), and psychomotor speed on
complex tasks involving sequencing (64%). On tests of
immediate verbal recall, spatial recognition memory, and
simple measures of psychomotor speed approximately 50%
scored in the average range or above and 50% scored in the
low average range or below. This is compared to individuals
with SB where the significant majority of all test scores fell
within the average range or above. This profile suggests that
individuals with hydrocephalus, with ‘‘normal’’ intelligence,
show impairment on a broad range of tests but show a
tendency towards a greater profile of impairment on tests of
delayed memory, learning, and tests requiring a high level of
attention, that is, tests of executive function (for example,
spatial working memory, attentional set-shifting, sequencing,
and cognitive flexibility). Subjects with hydrocephalus per-
form particularly poorly on tests requiring the integration of
different cognitive processes, probably associated with atten-
tional dysfunction (also highlighted by monitoring and
intrusion errors), inflexibility of thought, and a lack of
ability to improve performance via the use of strategies. These
results suggest a core pattern of neural damage and resultant
‘‘executive’’ cognitive impairment, in the presence of
preserved traditional and emotional intelligence and rela-
tively preserved function on less effortful tasks (for example,
recognition memory, memory span). It would be valuable to
collect MRI data in these groups so that the functional data
could be set against a structural background.
This study suggests that the cognitive impairment seen in

hydrocephalus in childhood,2–5 including poor attention,6 7

memory problems, associated with poor strategy8 and poor
language skills6 9–14 persists into adult life. Indeed it is
probably when these individuals reach adulthood and try to
lead a more independent life and seek employment, that the
true extent of their cognitive difficulties emerges and
becomes a significant problem. This will result in many
difficulties within the workplace, for example, particularly in
busy jobs where multi-tasking may be necessary and complex
tasks need to be carried out. We acknowledge that this is not
the case for all individuals with hydrocephalus but it is likely
to be true for the majority. The percentage of individuals with
hydrocephalus suffering from cognitive dysfunction in this
study is somewhat higher, particularly in some areas of
function as compared to other areas (as described above),
than that reported by Lumenta and Skotarczak.17 This may be
due to a variety of factors including differences in the
selection of patients and the sensitivity of tests used.
These results suggest that individuals with congenital or

early acquired hydrocephalus follow a pattern of cognitive
dysfunction similar to that of high functioning individuals
with acquired normal pressure hydrocephalus,34 at least on
tests of executive function, which both groups completed.
Iddon et al34 proposed a build up of CSF fluid caused
dysfunction of the frontal lobes and associated sub-cortical
neural circuitry (also see Fishman58). Failure to treat normal
pressure hydrocephalus may lead to significant and global
dementia, which can then only be partially relieved by
shunting. Early in the course of the disorder, cognitive
impairment is predominantly fronto-subcortical, but later
becomes more global. Cognitive dysfunction may be more
widespread in congenital hydrocephalus than is the case with
normal pressure hydrocephalus. This may be because adults
with acquired hydrocephalus have functioned normally and
then lost function, whereas those with congenital hydro-
cephalus have never developed normal cognitive function.
The damage is likely to be caused early on, probably before

Figure 7 (A) Hopkins Immediate Recall; (B) Hopkins Learning; (C)
Hopkins Recognition Memory; (D) Hopkins Delayed Memory Recall.
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relief by shunting (although multiple shunt revisions may
also be a relevant factor), resulting in long-term and
irreversible damage to developing circuits that appears not
to be compensated for by the developing brain. Sobkowiak59

reported slow myelination in the congenital hydrocephalic
brain as well as changes in the pre-frontal cortex on
electrophysiological measures, which may be caused by
damage ‘‘down-stream’’.
This study highlights the fact that a significant number of

individuals with hydrocephalus despite having normal verbal
and emotional intelligence, have a significant degree of
cognitive dysfunction in many areas including memory,
attention, and executive functioning. By contrast, individuals
with spina bifida with no concomitant hydrocephalus do not
show the same pattern of impairment. Future clinical
management of the cognitive dysfunction associated with
sub-groups of individuals with hydrocephalus requires
routine cognitive screening in order to identify particular
cognitive difficulties and restrictions that many individuals
with hydrocephalus will face and to develop behavioural and
pharmacological treatment strategies.
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Spatial Memory Span, n 39 26 19 67
Mean age 27.3 (7.1) 30.1 (8.5) 26.4 (6.9) 30.2 (10.0)
Mean NART IQ 109.4 (9.7) 109.4 (9.4) 110.9 (8.5) 110.5 (7.4)
Mean spatial span score (max 9) 4.9 (1.0) 5.3 (1.1) 5.9 (1.2) 6.5 (1.5)

Spatial Working Memory*, n 30 19 15 67
Mean age 27.2 (7.5) 28.8 (7.4) 26.9 (7.0) 29.1 (8.6)
Mean NART IQ 109.3 (9.9) 109.5 (9.3) 111.9 (8.3) 111.2 (8.8)
Mean spatial working memory errors 39.9 (22.5) 40.7 (24.5) 21.0 (11.9) 16.1 (15.9)
Mean spatial working memory strategy 33.4 (6.4) 34.2 (6.9) 29.7 (6.6) 30.7 (6.0)

IDED Attentional Set-Shifting/Cognitive Flexibility Task, n 37 18 16 72
Mean age 26.5 (7.1) 29.6 (8.0) 27.6 (6.4) 29.2 (8.6)
Mean NART IQ 108.8 (9.7) 109.7 (10.1) 112.5 (6.9) 111.6 (8.6)
Mean total error score 38.2 (21.6) 35.8 (21.5) 15.9 (11.6) 17.0 (11.8)

Verbal (FAS) and Semantic (animals) Fluency, n 52 33 26 67
Mean age 28.3 (8.2) 28.7 (8.5) 29.3 (8.3) 29.6 (9.0)
Mean NART IQ 107.8 (9.8) 107.1 (10.0) 111.5 (6.7) 110.9 (8.3)
Mean FAS words produced 29.0 (10.0) 29.8 (10.7) 41.2 (11.1) 42.7 (11.4)
Mean animals produced 20.9 (5.6) 20.0 (4.7) 25.8 (4.9) 30.5 (8.6)

Hopkins Verbal Memory and Learning, n 51 – 21 Control database
Mean age 30.6 (8.9) – 33.3 (12.1)
Mean NART IQ 103.9 (8.0) – 106.7 (8.4)
Mean immediate recall score (max 12) 5.7 (1.4) – 7.2 (1.3) Average score 6–8
Mean 3-trial total learning score (max 36) 21.7 (3.9) – 26.5 (4.7) Average score 25–32
Mean recognition memory score (max 24) 23.1 (1.0) – 23.6 (0.7) Average score 23–24
Mean delayed recall score (max 12) 6.6 (3.7) – 9.7 (1.8) Average score 9–11
Mean intrusion errors 2.5 (2.5) – 1.0 (1.3) –
Mean strategy score (max 12) 4.9 (2.6) – 8.4 (2.1) –

Trails Test of Psychomotor Speed and Attention, n 21 – 13 Control database
Mean age 30.6 (7.2) – 28.7 (8.6)
Mean NART IQ 105.7 (9.4) – 108.4 (6.9)
Mean Trails A total (seconds) 44.5 (25.5) – 28.6 (7.3) Average time 22–40
Mean Trails B total (seconds) 91.7 (31.7) – 62.6 (12.7) Average time 50–75

*The lower the test scores the better.
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