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Study design: In some young adults non-shunted myelomeningocele (MMC) patients without
symptoms or with unspeci®c clinical ®ndings, moderate or severe stabilised ventriculomegaly
are observed in control CT scans. Physicians are then faced with the so-called `Arrested
Hydrocephalus' (AH) syndrome. The present study is part of a prospective protocol in which
patients with hydrocephalus associated with MMC and long-term clinical diagnosis of AH
were included.
Objectives: To evaluate myelomeningocele patients never shunted with clinical and/or CT
scan criteria compatible with AH.
Setting: Multidisciplinary Spina Bi®da Unit in a tertiary university hospital in Barcelona,
Spain.
Methods: Fourteen MMC patients were selected, in all of them, continuous intracranial
pressure (ICP) monitoring was performed. Analysis of the ICP records was done using the
method described by Bùrgesen in mmHg. All patients were also studied by intelligence
quotient (IQ) testing before and after shunting.
Results: The CT in all the study cases showed an Evans ratio 40.30. The majority of
patients (11/14) presented continuous high or intermittently raised ICP (active or unstable
compensated hydrocephalus group) and in three (3/14) cases we con®rmed the diagnosis of
arrested hydrocephalus. There were no complications associated with ICP monitoring.
Conclusions: In view of our results, we believe that in all non-shunted cases with clinical and/
or CT scan criteria compatible with AH, the use of an objective method, such as continuous
ICP monitoring, is necessary to diagnose arrested hydrocephalus, and a more comprehensive
method that includes extensive neuropsychological valoration should be developed for the
diagnosis and treatment of arrested hydrocephalus.
Sponsorship: Supported in part by Grant number 97-0923 from the Fondo de Investigaciones
Sanitarias de la Seguridad Social (FISS).
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Introduction

Myelomeningocele (MMC) is a complex syndrome that
a�ects mainly the nervous, musculoskeletal and
genitourinary systems. Over the last few decades
survival and quality of life has increased in MMC
patients.

Most children born with MMC will have associated
hydrocephalus but the current percentage of children
partially depends on the working de®nition. If
hydrocephalus is de®ned as any degree of ventriculo-
megaly, less than 5% of these infants are spared
hydrocephalus.1 While some children born with MMC
have overt hydrocephalus most are born with normal

or slightly smaller than normal heads and normal or
slightly generous ventricles. In most infants, the need
for shunting is quickly apparent; however, in 20 to
30%, the degree of ventriculomegaly is only mild
compared to controls and the rate of head growth
tends to increase initially and to follow normal
patterns afterwards.1 ± 3

These patients reach mature life without a shunt,
and in some of them without symptoms or with
minimum non-speci®c signs. Moderate or severe
stabilised ventriculomegaly is observed in control CT
scans. Physicians are then faced with so-called
`Arrested Hydrocephalus' (AH).4 ± 6 Some authors
have given warnings about the severe problems that
patients with AH can present. AH has not been
systematically studied in MMC patients. An increase
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in intracranial hypertension can result in irreversible
injury in CNS.7 The potential for late deterioration in
patients with MMC and AH creates a burden of
responsibility on their caretakers.

We report the results of a prospective study of 14
never shunted MMC patients, with clinical and/or CT
scan criteria compatible with AH. In all of them,
continuous ICP monitoring was performed.

Patients and methods

The present study is part of a prospective protocol in
which patients with hydrocephalus associated to MMC
and long-term clinical diagnosis of AH were included.
For admission to this protocol the following criteria
were necessary: (1) MMC patients treated and followed
in our Unit; (2) they had never been shunted or
received any treatment for hydrocephalus; (3) no
evidence of progressive increase in ventricular size in
sequential CT scans over a long period of time and (4)
no evident signs or symptoms of intracranial hyperten-
sion.

All patients underwent continuous intracranial
pressure (ICP) monitoring using a ®beroptic extra-
dural device (LADD Research Industries, Inc.,
Burlington, Vermont, USA) introduced through a
pre-coronal burr hole. In all cases ICP monitoring
was performed for at least 72 h including overnight
recording. Hard copies of the ICP were obtained
through a single channel recorder with a paper speed
of 6 ± 20 cm/h. The patient was maintained lying down
throughout the recording time. The analysis of the
ICP records were made using the method described by
Bùrgesen8 in mmHg.

Mean resting ICP was calculated from the records
every 15 min in periods without ¯uctuations. Ampli-
tude of pulse waves in stable periods of recording and
the presence of high amplitude B-waves (1/2 ± 12/min
ICP ¯uctuations more than 10 mmHg above baseline
and lasting at least 10 min), were evaluated. Low
amplitude B-waves were considered when they had an
amplitude less than 10 mmHg above base line. A-
waves were considered to be present when constant
pressure elevations at least 20 mmHg above the resting
line with abrupt onset and end, and lasting at least
10 min were observed. To avoid miscalculation due to
the di�erent durations of the monitoring time, plateau
and B-waves were expressed as a percentage of the ®rst
24 h period of the total recording time.9

According to mean ICP and the percentage of high
amplitude B-waves, patients were classi®ed in the
following categories. (1) Active hydrocephalus (mean
ICP412 mmHg). (2) Compensated unstable hydro-
cephalus (mean ICP412 mmHg and B-waves present
in more than 25% of the recording time). (3)
Compensated stable hydrocephalus (mean ICP
412 mmHg and B-waves present in less than 25%
of the total recording time). (4) Arrested hydrocepha-
lus (mean ICP412 mmHg without any pathological
wave activity).9

In all patients a CT scan was performed and the
measurement of Evans index (EI=Maximum bifrontal
distance/Maximum inner diameter of the skull at the
level of the measurement of the maximum bifrontal
distance) was calculated. The WISC-R was adminis-
tered to each patient under 17-years-of-age and the
WISA-R was given to patients aged 17 years and older
(before shunt and at 1 year after shunt). Three
Wechsler scores were obtained for each patient: a
verbal IQ, a performance IQ, and a full-scale IQ. The
full-scale IQ was determined by averaging scores
obtained from the verbal and performance IQs.

Results

Nine males and ®ve females, aged 13 ± 35 years
(average +SD, 21.9+6 years) were studied. Two of
these patients had a thoracic level, one a mid lumbar,
four a low lumbar and seven had a sacral level. From a
clinical point of view, ®ve patients were completely
asymptomatic and the other nine cases showed a
history of clinical ®ndings that were not considered
directly related to the hydrocephalus (4/9 headache
that occasionally needed the use of minor analgesics
and did not interfere with activities of daily living, 1/9
behaviour changes (impulsivity, inappropriate sexual
comments and behaviour, behavioural inertia), 2/9
lower extremities spasticity with tethered cord asso-
ciated, and 2/9 impaired competence in school
performance and social function).

In the cognitive status patients ranged in IQ from
61 ± 107 with a mean IQ of 85.2+12.9. The mean head
circumference of the study group was 60+1.5 cm
(range 57 ± 63 cm) and the CT scan in all cases showed
an Evans ratio 50.30.

Continuous recording of the ICP showed in four
patients an elevated mean ICP and they were included
in the active hydrocephalus group. Seven cases
presented an important B activity and were included
in the compensated hydrocephalus group (two
unstable and ®ve stable). In three patients the
continuous ICP monitoring showed a normal value
during all the recording and no pathological waves,
which con®rmed the diagnosis of arrested hydroce-
phalus (Table 1).

All patients with an active or compensated
hydrocephalus were shunted except one patient with
stable compensated hydrocephalus that didn't want it.
No patient with arrested hydrocephalus was shunted.
At 1 year post shunting no signi®cant di�erences in IQ
scores were found. There were no complications
associated with ICP monitoring and there was only
one patient with shunt overdrainage (subdural
haematoma).

Conclusions

Patients with hydrocephalus associated with MMC are
di�cult to manage. Most patients born with MMC will
need shunting. Signi®cant controversy exists about how
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to select patients with stabilised ventriculomegaly who
can bene®t from a shunt. When faced with adult
patients without shunt and non-neuroradiological
evidence of hydrocephalus progression it is di�cult to
di�erentiate between a compensated and arrested
hydrocephalus. On the other hand, the concept of
arrested hydrocephalus has been always controver-
sial.4 ± 6,10 In the literature, the prevalence of sponta-
neously arrested hydrocephalus has been described as
variable as 9% to 47% of patients.11 ± 13

Studies of intellectual functioning of children with
MMC have shown that children who never had been
shunted, on the whole, do better than shunted
children.14,15 Interpreting such retrospective studies
to help make decisions on individual patients leads to
di�culty because the shunted group presumably had
more severe hydrocephalus initially. The biologic cost
of untreated hydrocephalus must be evaluated. Thus,
when ICP increases equal to or above 20 mmHg,
neuronal injury may develop. The major pathophysio-
logic problems associated with increased ICP are
ischemia and herniation.6 Single IQ scores are
inadequate measurements of intellectual function in
young adult MMC patients with AH10 and serial
examinations should be carried out. Recent studies
have tended to show that more subtle neuropsycholo-
gical parameters not measured on IQ tests may be
improved with normal or smaller than normal
ventricles.16 ± 19 Neuropsychological assessment in-
cluded test of verbal and visual memory, visuospatial
functions, speed of mental processing and frontal lobe
functions. In these cases apart from major problems
hydrocephalus related, cognitive or behavioural pro-
blems can handicap and compromise quality of life.

In view of our preliminary results, we believe that in
all cases with clinical and/or CT scan criteria
compatible with AH, the use of an objective method,
such as continuous ICP monitoring, is necessary to
diagnose arrested hydrocephalus, and a more compre-
hensive method that included extensive neuropsycho-
logical valoration should be developed for the
diagnosis and treatment of arrested hydrocephalus.
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Table 1 Summary of ICP and the di�erent types of hydrocephalus

n=14
Mean age

(Range) years
Mean

ICP mmHg A-waves
High

B-waves
Low

B-waves

Active
C. Unstable
C. Stable
Arrested

4
2
5
3

19 (13 ± 24)
23 (18 ± 28)
25.8 (19 ± 35)
18.3 (15 ± 24)

16.2
6.5
10.6
9

2/4
0/2
0/5
0/3

4/4
2/2
5/5
0/3

4/4
2/2
5/5
0/3
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