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Abstract
Objectives—A few enterprising adults
with shunt treated spina bifida live inde-
pendently in the community, have a job in
competitive employment, and drive to
work in their own car. By contrast others
with similar disability but lacking their
motivation remain dependent on care and
supervision. The aim of this study was to
identify events in the history of their shunt
which may have influenced their subse-
quent achievement.
Methods—Between June 1963 and January
1971 117 babies born in East Anglia with
open spina bifida had their backs closed
regardless of the severity of their condi-
tion. When reviewed in 1997 every case
was ascertained. Sixty had died and the 57
survivors had a mean age of 30. These
were assigned to two groups: achievers
and non-achievers, according to their
attainments in independence, employ-
ment, and use of a car.
Results—Of the 57 survivors nine had no
shunt and eight of these were achievers.
All were of normal intelligence (IQ>80)
and only one was severely disabled. Of the
48 with shunts only 20 were achievers (OR
11.2, 95% confidence interval (95% CI)
1.3–96.8). Lack of achievement in these 48
was associated with revisions of the shunt,
particularly when revisions were per-
formed after the age of 2. Sixteen patients
had never required a revision and 11
(69%) were achievers; 10 had had revisions
only during infancy and five (50%) were
achievers; 22 had had revisions after their
second birthday and only four (18%) were
achievers (p<0.001). Elective revisions
were not performed in this cohort and in
75% of patients revisions had been pre-
ceded by clear symptoms of raised intrac-
ranial pressure.
Conclusion—Revisions of the shunt, par-
ticularly after the age of 2, are associated
with poor long term achievement in adults
with spina bifida.
(J Neurol Neurosurg Psychiatry 1999;67:591–595)
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The invention of the CSF shunt in the 1950s
saved the lives of many hundreds of babies with
spina bifida. However, when the results were
reviewed by Laurence in 1974 he noted that
the surviving children had a lower intelligence
and greater disability than those few cases who
had survived in the years before the shunt was

available.1 As the children grew older their
physical and intellectual disabilities became
more evident and initial optimism waned. The
value of treatment was even questioned.2 3

Although a few children grew up into inde-
pendent adults, many failed to achieve their
expected potential. The ones who had never
needed a shunt were generally less disabled and
of normal intelligence.4–6 In those with a shunt
there was a widespread belief that normal
intelligence could be assured if the shunt func-
tioned satisfactorily7 and in some centres
blocked shunts were revised for this purpose
even when patients were asymptomatic.

In 1963 paediatricians in East Anglia agreed
to refer all newborn babies with spina bifida to
the Regional Neurosurgical Unit at Adden-
brooke’s Hospital, Cambridge. If the parents
agreed, the babies were treated without any
attempt at selection. Results were to be
reviewed at the end of a trial period. Before
closure of the back each baby had a full neuro-
logical examination, which was carefully docu-
mented. From June 1963 until January 1971,
117 babies had their backs closed. To minimise
the risk of infection the back was closed
promptly, within 24 hours of birth in 108
babies (92%) and between 24 and 48 hours in
nine. Babies who presented with totally skin
covered lesions were deferred for treatment
and are not included in this study. At operation
the open lesion was found to be a simple
meningocele in four babies. In 95 babies a
Pudenz-Heyer ventriculoatrial CSF shunt was
inserted.

The cohort exemplifies non-selective treat-
ment as carried out in the United Kingdom. in
the 1960s.1 2 It has previously been reviewed
four times by one of us (GMH). The first
review was conducted in 1971 and the
outcome of treatment was assessed by home
visits.8 The children were examined again aged
five to 12 years when all were attending school
and a formal IQ score was obtained.9 They
were reviewed again in 1985 and 1992.10 11

All the children without shunts survived after
infancy. They were of normal intelligence
(defined as IQ>80) and all but one achieved
independence. The exception was the only
person in this group who was severely disabled.
The outcome for patients with shunts was less
predictable, with some notable discrepancies.
A few severely disabled subjects with shunts
made remarkable achievements, unlike others
who were less disabled and of normal intelli-
gence. It was this discrepancy which prompted
the present study to see if there was a relation
between events in the history of the shunt and
their achievement at the age of 30.
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Subjects and methods
The present review of the 57 survivors was car-
ried out in 1997 by GMH using postal
questionnaire and telephone. Information was
obtained on place of residence, marriage, part-
nership, and child bearing; walking and use of
wheelchair and car; occupation and employ-
ment; health, medication, other treatment, and
hospital admissions. Data were also collected
on the help needed from family and social
services. Additional data were used from the
researcher’s own records of previous reviews
and of examinations carried out at Adden-
brooke’s Hospital.

For the purpose of this study the main
outcome measure consisted of three “achieve-
ments”: independent living, driving a car, and
having a job. These definitions need clarifica-
tion.

INDEPENDENT LIVING

This was defined as living without supervision
out in the community, coping independently
with housekeeping and all personal needs and
transport. It does not mean just personal inde-
pendence in a sheltered environment where
memories can be jogged, mistakes rectified,
inaccessible pressure areas tended, and trans-
port provided.

DRIVING A CAR

Driving was defined as habitual driving. It did
not include merely passing the driving test as of
those who had qualified, one third had given up
driving, at least temporarily.

EMPLOYMENT

Employment was defined as doing a job on the
open market in competition with the able bod-
ied. It did not include sheltered employment.

Any survivor who had attained one or more
of these achievements was defined as an
“achiever”.

Predictors of achievement were identified by
univariate analysis, using a ÷2 test. Shunt

history (no revision v revision) and IQ (>80 v
<80) were included in a multiple logistic
regression analysis.

Results
Of the 117 original babies (50 male and 67
female) there were 57 survivors (26 male and
31 female) when reviewed in 1997.12 Sixty had
died, 25 of these before their first birthday. The
ages of the survivors ranged from 26 years and
6 months to 32 years and 9 months (mean age
30 years). Only 17 (30%) of the survivors were
still community walkers. Forty (70%) had an
IQ>80. Their disabilities ranged from none at
all to total dependency with paralysis, inconti-
nence, and blindness.

ACHIEVEMENT

Twenty eight of the survivors had at least one
achievement and 29 had none.

Survivors without shunts (n=9)
Nine survivors had never had a shunt and eight
of them lived independently in the community,
five drove cars, and three were in open employ-
ment. They were all of normal intelligence and
were generally less disabled than those who had
shunts. Eight out of the nine without shunts
were achievers compared with only 20 out of
the 48 with shunts (p<0.05).

Survivors with shunts (n=48)
It is the achievement of these 48 survivors with
shunts which forms the basis of this study. Six-
teen had never had any operation on their
shunt since its insertion during infancy. Eleven
of these 16 (69%) were achievers. By contrast,
of the 32 who had had revisions of their shunt
only nine (28%) were achievers (p<0.01).
Table 1 shows that the outcome was worst of all
in those who had revisions after the age of 2.
Significantly fewer of those who had had a
revision of shunt lived independently or drove a
car (table 2).

SHUNT HISTORY

Of the 48 shunt treated survivors 47 had had
the original shunt insertion during infancy at
Addenbrooke’s Hospital and one had had the
shunt inserted at the age of 3 in SheYeld. The
initial insertion of the shunt was performed
when indicated by the baby’s condition. In 20
the shunt was inserted during the first 21 days
of life, in 13 this was done from the 22nd to the
42nd day and in 15 it was after 42 days (6
weeks).

Thirty two patients had a total of 113
revisions of the shunt (mean 3.5, range 1–14).
Ten of them had revisions only during infancy.
The other 22 had revisions after the second
birthday, 15 of them had revisions between 10
and 31 years of age. Seventeen of the 57
survivors had left the catchment area of Adden-
brooke’s Neurosurgical Department and six had
had revisions carried out at other hospitals. The
indications for revision are shown in table 3.

Elective revisions in asymptomatic patients
were not performed at Addenbrooke’s Hospi-
tal. A blocked shunt system was revised only in
the presence of symptoms. Review of available

Table 1 Achievement and the CSF shunt in 57 patients
with spina bifida (mean age 30)

Achievers
n=28 (%)

Non-achievers
n=29

No shunt (n=9) 8 (89) 1
Shunt no revisions (n=16) 11 (69) 5
Shunt revised in infancy only

(n=10)
5 (50) 5

Shunt revised after age 2 (n=22) 4 (18) 18

÷2 for trend p<0.001.

Table 2 Achievements in 48 shunt treated patients with and without revisions

Shunts
unrevised
n=16

Shunts
revised
n=32 Odds ratio (95% CI)

Living independently 8 5 5.4 (1.4 to 21.2)*
Sheltered or in care 8 27

Driving car 9 8 3.9 (1.1 to 13.8)*
Not driving 7 24

Open employment 6 6 2.6 (0.7 to 1.0)
Sheltered employment or none 10 26

Any achievement 11 9 5.6 (1.5 to 20.8)**
No achievement 5 23

*p<0.05; **p<0.01.
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records showed that in 24 out of 32 (75%)
patients who had undergone revisions and in
one of the 16 (6%) without revisions, there had
been clear evidence of raised intracranial pres-
sure (p<0.001). This included headache, neck-
ache, irritability, vomiting, worsening of or the
appearance of new eye signs, papilloedema,
and drowsiness or alteration in consciousness.

Table 4 shows features associated with the
shunt history. In the 16 patients who never
required revision of the shunt there were
significantly more achievers, fewer episodes of
symptoms of raised intracranial pressure, and
fewer cranial visual defects. The original inser-
tion of the shunt was later in these patients. By
comparison the 22 patients who continued to
have revisions of their shunts after the age of 2,
showed poorer achievement, more episodes of
symptomatically raised intracranial pressure,
and more cranial visual defects. They had
needed their original shunt insertion earlier.

CRANIAL VISUAL DEFECTS

Of the 48 patients with shunts, 32 had 36 cra-
nial visual defects. These were squints in 25,
nystagmus in six, corneal opacity in three, and
optic atrophy in two Two of these patients were
totally blind. Corneal opacities were associated
with neuropathic keratitis and in these patients
an absent corneal reflex and a severe degree of
hydrocephalus had been noted at birth. Cranial
visual defects were also often associated with
raised intracranial pressure. Of 25 patients in

whom episodes of raised intracranial pressure
had occurred 22 had visual defects compared
with 11 of the 23 without raised intracranial
pressure (p<0.01). Cranial visual defects were
also negatively correlated with achievement.
There were 10 achievers in the 32 with cranial
visual defects compared with 10 achievers in
the 16 without (p<0.05).

PREDICTORS OF ACHIEVEMENT

Table 5 shows that patients with shunts were
more likely to be achievers if they had had no
revisions of the shunt, no episodes of raised
intracranial pressure, no cranial visual defects,
an IQ>80, if they were community walkers, or
if they had only mild or moderate disability.
Multiple logistic regression analysis showed
that shunt history (no revisions or revisions of
shunt) and IQ were independent predictors of
achievement. The odds ratio for no revisions of
shunt, adjusted for IQ, was 5.5 (95% CI
1.3–22.2); and for IQ, adjusted for shunt
history, it was 5.5 (95% CI 1.2–25.4).

Discussion
This is the first report of a complete cohort of
patients with spina bifida followed up to the
mean age of 30 by the same person. Because
many of the worst aVected patients had died
the study is biased towards the better cases. As
in Lorber’s series ours shows survival of the
fittest.2 10 It diVers from other studies in some
important respects. Firstly, the study is com-

Table 3 Number of operations and main reasons for 113 revisions of shunt in 32 patients (number of patients in
parentheses)

No of revisions
in nine
achievers

No of revisions
in 23
non-achievers Total revisions

Blocked shunt* 14 (8) 54 (18) 68 60%
Infection (ventriculitis, shunt infection, septicaemia) 5 (3) 13 (6) 18 16%
Detachment 1 (1) 13 (8) 14 13%
Other (extrusion 4, leaking back 2) — 6 (5) 6 5%
Not known — 7 (6) 7 6%
Total operations 20 93 113 100%

*Blocked shunts were not revised if patients were asymptomatic.

Table 4 Features associated with revisions of the CSF shunt in 48 patients

Shunt never
revised
n=16 (%)

Shunt revised in
infancy only
n=10 (%)

Shunt revised
after age 2
n=22 (%) ÷2 trend

Achievers (n=20) 11 (69) 5(50) 4 (18) p<0.001
No episodes of raised intracranial pressure (n=23) 15 (94) 5(50) 3 (14) p<0.001
No cranial visual defects (n=16) 9 (56) 4(40) 3 (14) p<0.05
Insertion of shunt after 6 weeks old (n=15) 9 (56) 4(40) 2 (9) p<0.01
IQ>80 (n=31) 12 (75) 7(70) 12 (55) NS
Community walker (n=11)* 4 (25) 5(50) 2 (9) p<0.05
Mild or moderate disability (n=27)† 12 (75) 6(60) 9 (41) NS

*Community walker was defined as able to walk 50 metres or more.
†Mild or Moderate disability was defined as walker, or wheelchair with independent transfers, no severe cognitive handicap, toilet
needs and pressure areas well managed.

Table 5 Predictors of achievement in 48 patients with shunts

With predictor
% Achievers

Without predictor
% Achievers Odds ratio (95% CI)

No revision of shunt (n=16) 69 (11/16) 28 (9/32) 5.6 (1.5 to 20.1)**
No episodes of raised intracranial pressure (n=23) 61 (14/23) 24 (6/25) 4.9 (1.4 to 17.0)**
No cranial visual defects (n=16) 63 (10/16) 31 (10/32) 2.0 (.5 to 7.4)*
IQ>80 (n=31) 55 (17/31) 18 (3/17) 5.7 (1.3 to 23.8)*
Community walker (n=11) 73 (8/11) 32 (12/37) 5.5 (1.2 to 24.8)*
Mild or moderate disability (n=27) 56 (15/27) 24 (5/21) 4.0 (1.1 to 14.1)*

*p<0.05; **p<0.01
Multiple logistic regression analysis showed that shunt history and IQ were independent predictors of achievement.
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munity rather than hospital based; only those
whose shunts continue to cause problems still
attend a neurosurgical department. Secondly,
the mortality in the l960s was much higher
than it is today resulting in a median survival
time of 30 years.13 Communications were
poorer than now, some families were socially
deprived, and many lacked both telephone and
transport.

Thirdly, the technology and experience in
the management of hydrocephalus, as well as in
other aspects of spina bifida, were less than
they are today. Assessment of the patients was
less complex and mainly clinical. Some neuro-
surgeons were reluctant to intervene without
manifest need. In this cohort the initial
insertion of the shunt and its revision were
undertaken only when considered essential. In
a thriving baby a modest increase in head
circumference and a tense fontanelle were not
indications for intervention; nor was poor
school performance in a well child with an
apparently blocked shunt. In most cases of
revision of shunt there had to be clinical
evidence of raised intracranial pressure.

Our data (table 1) suggest that revisions of
the shunt performed in babies less than 2 years
old were associated with a better outlook than
when they were performed at a later age. Five
out of 10 (50%) of these babies became
achievers. Experimental data on rats with
hydrocephalus show a greater risk of raised
intracranial pressure once the cranial sutures
have fused.14 In the 22 subjects who had
continued to need revisions of shunt after the
age of 2 only four (18%) were achievers. They
had also needed earlier insertion of their origi-
nal shunt. By six weeks of age 20 of the 22 had
had their shunt inserted compared with only 13
of the other 26 babies (table 4). As the timing
of the first insertion depended largely on the
need manifested by the baby, could this be an
early indication of future shunt dependency? It
might perhaps reflect the influence of the basic
intracranial anomaly on the long term outlook.

Most of the 16 survivors who never had a
revision of their shunt remained well and
symptom free despite the fact that the shunt
may have been blocked, or partly blocked for
many years. When the shunt was last examined
by GMH, when the children had a mean age of
9, ten of the 16 seemed to have a blocked
shunt.9 By contrast a majority of those in the
revised group had a working shunt. This
suggests that the superiority in the later
achievements noted in those who had never
had a revision, was unlikely to be due to a per-
fectly functioning shunt. It also suggests that
someone who has a blocked shunt but who
remains asymptomatic, has less shunt depend-
ency than another whose symptoms demand
revision of the shunt. The concept of reduced
shunt dependency is safer than that of arrested
hydrocephalus.15–18 Four members of the co-
hort of 117 had had their shunts removed in
the belief that they were not longer needed.
One of them died suddenly soon afterwards.
All the other three had to have a shunt inserted
after intervals of 6–18 years.

As might have been predicted, this study
shows that most achievers were of normal
intelligence and without severe disability. What
was not predicted was the association between
revisions of shunt and lack of achievement, an
association which was independent of IQ.
Findings in other studies of the relation
between IQ and revision of shunt are
conflicting.19–21 Most revisions in this cohort
followed episodes of raised intracranial pres-
sure and it seems likely that poor achievement
was related to these episodes. Could an episode
of raised intracranial pressure have reduced
motivation, drive, energy, or enterprise? Some-
one who achieves complete independence
despite paralysis, sensory loss, and problems
with mobility, incontinence, and pressure sores
must be highly motivated to make the huge
eVort that such an achievement demands. Lack
of motivation in some patients with spina bifida
has been a problem long recognised by parents
and professionals.9 22–25 It is possible that the
association between shunt history and achieve-
ment could be due to some eVect on
motivation. Raised intracranial pressure, the
operation of revision, or infection may have
been responsible.

Infection of the CNS could have played a
part in influencing achievement, but these
cases were too few for statistical analysis. Infec-
tions had occurred in 10 of the 32 with a
history of revision of shunt. These were shunt
infections (seven), ventriculitis (two), and
meningitis (one). The profound brain damage
caused by ventriculitis in infancy has long been
recognised6 26 but only two of the nine babies so
aVected survived to the age of 30. One of them
was an achiever and one was not. One of the
seven cases of shunt infection was also an
achiever. An infection rate of 10 patients out of
48 with shunts (21%) is remarkably low
considering the time span of 30 years.26–28

Because infection of the CSF is a complication
of operating on the shunt, the 16 patients with
unrevised shunts were spared that particular
risk.

In the whole original cohort of 117 babies
there were 10 deaths from hydrocephalus and
four cases of blindness. Timely revision of the
shunt might have avoided a proportion of these
deaths as well as preserving eyesight. In some
cases considerable time elapsed between the
onset of symptoms of raised intracranial
pressure and operation. Headaches may be
misconstrued as due to migraine, sinusitis, or
stress.18 Attempting to live a normal life despite
formidable handicaps must indeed be stressful.
Palpation of the shunt is sometimes mislead-
ing. Brain scans may be delayed, and they may
be inconclusive particularly if no previous scan
is available for comparison. Deterioration in
visual acuity and changes in eye signs are often
missed.29–32 Delays in diagnosis and treatment,
if not fatal, can increase damage to the brain
and visual pathways. Not many doctors have
experience of the shunt problems of patients
with spina bifida. Parents on the other hand
recognise symptoms, and are often both aware
of the likely diagnosis and of the urgency of
treatment. The benefits of direct contact with a
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neurosurgical unit for a patient with symptoms
far outweigh the value of the annual attendance
at the neurosurgical clinic when the patient is
asymptomatic. Our results suggest that in
patients with spina bifida, any symptoms indi-
cating raised intracranial pressure should
receive prompt and expert attention if serious
long term consequences are to be avoided.

Conclusion
Achievement in adults with spina bifida relates
not only to IQ but also to events in the history
of the CSF shunt. The best outcome was seen
in those who had not required a shunt, followed
by those whose shunts were never revised. The
worst outcome was seen in patients who had
needed revisions of their shunts after the age of
2 years and in any who had had symptoms of
raised intracranial pressure. It is possible that
the poor achievement seen in some of these
patients could be the eVect of raised intracra-
nial pressure on motivation.

We thank the patients who participated in this review and their
doctors, the Association for Spina Bifida and Hydrocephalus for
support, Drs Jo Poulton and Hugh Richards for their help and
encouragement, and the Department of Neurosurgery at
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