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Abstract
Background—Low grade astrocytomas
are among the most common central
nervous system tumours in children.
Aims—To identify risk factors for the
development of persistent intellectual
handicap.
Methods—The notes of 30 children with
histologically proven low grade astrocy-
toma who presented during the period
1987–96 were reviewed. Thirteen of these
children who were diagnosed with intrac-
ranial tumours between 1992 and 1996
underwent cognitive assessment one year
after the completion of treatment.
Results—Low grade astrocytomas were
found in the cerebellum (59%), thalamus
(17%), cerebral hemispheres (10%), and
the cervical spinal cord (9%). Where pos-
sible all patients were treated with gross
total resection of the tumour. Sympto-
matic children with tumours judged to be
inoperable underwent biopsy followed by
radiotherapy (13%). Three patients devel-
oped progressive disease following sur-
gery and underwent repeat surgery and
radiotherapy. Survival at a median follow
up of 75 months (range 30–131) is 97%. At
one year after the completion of treatment
persisting cognitive impairment was com-
mon. The strongest predictor of IQ scores
was the duration of symptoms of in-
creased intracranial pressure preopera-
tively.
Conclusions—Although the overall sur-
vival rate of children with low grade astro-
cytoma is excellent, significant long term
disability occurs. Early diagnosis is essen-
tial to reduce postoperative cognitive
morbidity.
(Arch Dis Child 2001;84:61–64)
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Low grade astrocytomas account for the
majority of paediatric central nervous system
neoplasms. Our knowledge of the clinical
behaviour of these tumours has increased con-
siderably following improvements in imaging
and recent reports of long term outcome.1–6

The optimum treatment of cerebellar tumours
and lesions in the cerebral hemispheres is gross
total resection (GTR). For tumours in other
sites, and in cases where this approach would
produce unacceptable sequelae, surgery is usu-
ally limited to partial resection or biopsy. The
routine use of adjuvant radiotherapy following

GTR has largely been abandoned.7 Indications
for postoperative irradiation in asymptomatic
patients with significant residual tumour re-
main unclear because of the indolent nature of
these neoplasms.

Although the long term outcome in terms of
survival for this group of patients is excellent,
in addition to physical disability there is an
increasing awareness of cognitive sequelae in a
proportion of children.8 9 While previous stud-
ies have highlighted the importance of radio-
therapy in this respect, such analyses cannot
explain intellectual loss in a group of children
treated with surgery alone.10–12 In this study we
reviewed a decade of experience with low grade
astrocytomas in order to identify risk factors
for the development of significant cognitive/
intellectual impairment following therapy.

Patients and methods
Medical records were reviewed for all children
referred to this paediatric oncology unit with
low grade astrocytomas between January 1987
and December 1996 inclusive. Patients were
included in the study only if they had a biopsy
proven diagnosis of low grade astrocytoma and
complete follow up information. Tumours of
the visual pathway and brain stem were not
included in the study as the majority of these
were diagnosed on imaging alone and were not
biopsied. The extent of planned surgical resec-
tion was based on tumour location and preop-
erative imaging studies. Initial GTR was
attempted for supratentorial hemispheric, cer-
ebellar, and spinal cord tumours. Biopsy alone
was performed on deep seated midline (hy-
pothalamic and thalamic) tumours. Sympto-
matic patients whose initial surgery consisted
of biopsy only and children who experienced
tumour progression at an interval following
surgery underwent further surgical resection
followed by radiotherapy. The extent of tumour
clearance was evaluated by reviewing operating
notes and imaging studies. All patients under-
went computed tomography of the primary site
with contrast enhancement between three and
six months following initial surgery and were
reviewed regularly as outpatients. Further
imaging studies were only performed following
symptomatic deterioration. The duration and
nature of each child’s presenting symptoms was
obtained from their initial entry in the case
notes or from the general practioner or
referring paediatrician’s letter. From 1992
onwards all patients with intracranial tumours
underwent psychometric assessment one year
after completing therapy.
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Results
Thirty children (14 girls) were identified from
hospital records. Median age at presentation
was 6 years (range 1–13). Twenty six (87%) of
these tumours were pilocytic astrocytomas,
another three (10%) were fibrillary astrocyto-
mas, and a single tumour was classified as a
mixed oligoastrocytoma. Cerebellar tumours
accounted for more than half of the cases stud-
ied (57%) with central midline supratentorial
tumours, predominantly thalamic, forming the
next largest group (17%). The remainder of the
study group consisted of tumours originating
from either the cerebral hemispheres (13%) or
the cervical spinal cord (10%).

The median duration of symptoms prior to
diagnosis was four months (range zero (inci-
dental finding) to eight years). An attempt at
GTR was carried out at presentation in 87% of
children, with complete resection achieved in
38%. Twelve patients (40%) required peri-
operative cerebrospinal fluid shunting. Biopsy
followed by postoperative radiotherapy was
performed in the majority of central supraten-
torial tumours. A median dose of 50 cGy
(range 44–50 cGy) was delivered in weekday
fractions of 1.5 cGy. Three children developed
tumour recurrence/progression, occurring
9–28 months following surgery, and in all cases

a second attempt at GTR was made followed
by radiotherapy. Overall a total of eight (27%)
children were treated with radiotherapy. There
was no correlation between the extent of
tumour resection at presentation, histology, or
site and recurrence/progression following
therapy. No patient developed progessive
disease following radiotherapy. One patient
died following matched unrelated donor bone
marrow transplantation for acute lympho-
blastic leukaemia. Thus the overall survival at a
median follow up of 75 months (range 30–131
months) is 97%.

Sixteen patients diagnosed between 1992
and 1996 inclusive underwent global psycho-
metric testing using the Weschler Intelligence
Score for Children III (UK edition). Standard
administration and scoring procedures were
used to generate verbal, performance, and full
scale intelligence quotients (IQ), mean 100,
SD 15.13 Testing was impossible in two patients
as a result of visual handicap and the score of
one other patient was excluded from further
analysis because of pre-existing autism. The
median overall IQ score was 79 (range
69–123); median verbal and performance IQ
scores were 89 (range 69–120) and 78 (range
69–125) respectively. IQ scores were not
significantly correlated to tumour site (in-
fratentorial versus supratentorial), the require-
ment for perioperative CSF shunting, or previ-
ous radiotherapy (table 1). The most powerful
predictor of IQ scores was the duration of
symptoms of increased intracranial pressure
prior to surgery (fig 1). All IQ scores were sig-
nificantly greater in children who presented
within four months of the development of
headache or vomiting (median 99.5 v 72,
p = 0.036, Mann–Whitney U test). All patients
with this delay in diagnosis continue to need
learning support at school and receive regular
assessment by local education psychologists.
Two of this group continue to receive support
for persistent postoperative behavioural distur-
bance. While individual performance and
verbal IQ scores were often discordant with
patients exhibiting unbalanced weaknesses in
specfic areas, there was no consistent pattern of
dysfunction (p > 0.05, Student’s paired t test).

Table 2 presents a summary of the physical
sequelae following treatment. Individual
neurological deficits relate closely to tumour
site. All four children with residual optic
atrophy complained of symptoms of raised
intracranial pressure (headache and vomiting
for at least four months prior to diagnosis).
One patient treated with radiotherapy for a
thalamic astrocytoma whose radiotherapy field

Table 1 Overall IQ scores one year following treatment in children with intracranial
astrocytomas diagnosed between 1992 and 1996

Clinical characteristics Overall IQ, median (range) p value

Supratentorial tumour 87 (76–105)
Infratentorial tumour 90 (69–123) NS

Perioperative CSF shunt 80 (69–105)
No CSF shunt 79 (75–123) NS

Radiotherapy 77 (76–102)
Surgery alone 81 (69–123) NS

Figure 1 Comparison of IQ scores in patients who experienced less than four months of
headache and vomiting prior to neurosurgical referral (A) and those with a more prolonged
symptom history (B). Overall IQ scores, p = 0.036.
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Table 2 Persisting neurological sequelae in children treated
for low grade astrocytoma

Disability Frequency

Ataxia 5 (17%)
Optic atrophy 4 (13%)
Eye movement disorder 4 (13%)
Hemiplegia 2 (7%)
Facial nerve palsy 2 (7%)
Seizures 2 (7%)
Panhypopituitarism 1 (3%)
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included the pituitary gland has developed
panhypopituitarism.

Discussion
This report illustrates the excellent prognosis
of low grade astrocytomas in children using
current neurosurgical techniques. Previous
studies have identified several risk factors for
tumour recurrence/progression including age,
histology (pilocytic versus non-pilocytic), site,
and extent of resection, although several of
these remain controversial.3 6 14 None of these
variables were significantly correlated with
recurrence/progression in our investigation.
Children with recurrent/progressive tumours
re-presented within three years of diagnosis, a
time span which is consistent with other
reports of a survival plateau in children being
reached between three and five years of follow
up.4 6 Although postoperative radiotherapy is
no longer routinely indicated following GTR,
its role in the treatment of patients who have a
significant tumour mass following surgery is
less certain. The benefits of radiotherapy are
diYcult to establish as many children with
untreated residual tumour exhibit no sign of
progression during prolonged follow up. Our
results concur with those of other investigators
who recommend that postoperative radio-
therapy should only be given when there is
definite evidence of unresectable enlarging
tumour or worsening symptoms; in the major-
ity of cases a “wait and see” policy is justified.
Our policy of performing repeated imaging
only if there is clinical deterioration remains
appropriate, provided that symptomatic
change is the only indication for further
intervention.

Radiotherapy continues to be an eVective
treatment option for both recurrent low grade
astrocytomas and primary tumours whose site
of origin make GTR impractical. Increasing
concerns over the late eVects of radiotherapy,
particularly the appearance of second tumours,
hypopituitarism, and cognitive dysfunction in
very young children have limited its applica-
tion.12 15 16 We found no eVect of radiotherapy
on IQs obtained using the Weschler Intelli-
gence Score for Children III when the test was
applied one year following treatment. While
this is reassuring, it is possible that subtle cog-
nitive deficits similar to those seen in children
receiving cranial irradiation for the treatment
of acute lymphoblastic leukaemia will become
more pronounced with longer follow up.17

Direct comparisons between IQ scores pre-
sented here and previously published results
are diYcult because of methodological and
timing diVerences between studies and our
selection of a patient group which varied in
terms of tumour site and prior radiotherapy. In
contrast to a previous report we did not find
evidence of more severe cognitive impairment
in patients with supratentorial tumours.18

Although we had hoped to continue testing at
regular intervals beyond one year, this has been
abandoned because of limited enthusiasm from
the parents of children (and in some cases the
children themselves) who are making satisfac-
tory school progress and duplication of work

between ourselves and local educational serv-
ices. It was not possible to perform IQ testing
prior to surgery because of direct referrals to
the neurosurgical centre and the deteriorating
clinical condition of some patients. With the
exception of a single child, who had previously
been diagnosed as suVering from autism, there
was no suggestion of pre-existing cognitive
impairment in this group. Parental reporting
suggested a satisfactory school performance in
all other patients prior to diagnosis.

Set against the background of high survival
rates, the incidence of chronic neurological and
cognitive sequelae in children treated for low
grade astrocytoma has assumed increasing
importance. We found the neurological out-
come of this group to be largely predictable on
the basis of tumour site. In contrast the extent
of cognitive dysfunction varied considerably
between patients; indeed it was the seemingly
unpredicatable severity of this problem which
led to this study being performed. Unlike others
we found no relationship between neuro-
psychological functioning and age, tumour site,
or the use of radiotherapy.18–21 This may reflect
diVerences in study groups and/or assessment
techniques. Instead we identified a positive cor-
relation between the duration of symptoms of
increased intracranial pressure before surgery
and the extent of subsequent cognitive dysfunc-
tion, suggesting that long term elevations in
intacranial pressure are important in its aeti-
ology. Although such a relationship has been
suggested previously, our results are the first to
confirm this hypothesis in a clinical setting. The
evolution of these cognitive deficits is unknown.
There is no reason to expect that they will
improve with time. Indeed the limited data that
we have obtained indicate that they persist and
in some cases deteriorate.22 Serial results are
subject to bias in that only patients perceived by
their families to be struggling at school attend
for repeat testing. At present there is no therapy
of proven benefit for aVected children and all
that can be oVered is directed learning support.
The outcome of intensive cognitive remediation
programmes for severely aVected patients is
eagerly awaited.23 It is important to remember
that the duration of school absence is also an
important predictor of subsequent neuro-
psychological dysfunction, and patients should
be encouraged to make an early return to full
time education.20

While low grade astrocytomas in childhood
are readily curable the quality of life experi-
enced by survivors is often limited by physical
and cognitive sequelae. Regular psychological
assessment and discussion of results with local
education authorities should be a routine
aspect of follow up. Children who have suVered
prolonged periods of raised intracranial pres-
sure are particularly at risk of severe neuro-
psychological sequelae. Recent studies con-
tinue to reveal unfortunate delays in the
treatment of children with brain tumours.24

While the benefits of early treatment would
seem to be self evident, our study shows an
objective benefit of prompt referral.
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Infantile torticollis

Does early treatment of infantile torticollis prevent established
deformity needing surgery? Do all babies with a sternomastoid tumour
need passive muscle stretching manoeuvres? A large series from Hong
Kong (JCY Cheng and colleagues. Journal of Pediatric Surgery
2000;35:1091–6) does not answer these questions but provides data
about outcome.

The series included 1086 infants with torticollis (excluding acute
onset torticollis, spinal anomalies, spasmodic torticollis, and torticollis
secondary to neurological, ocular, or other diseases) of whom just
under half had a sternomastoid tumour, about a third had a tight sterno-
mastoid muscle but no tumour, and the remaining 20% had neither a
tumour nor tightness of the muscle (postural torticollis). Hip dysplasia
was found in 4% and craniofacial asymmetry in 90% of the infants.

Treatment was dictated by severity. Those with less than 10° of
restriction of passive rotation (compared with the normal side)
received an “active home stimulation exercise and positioning
programme” (no details given). Those with greater restriction had
manual stretching performed by a physiotherapist three times a week.
The average duration of treatment was four months. Surgery was
restricted to those with significant head tilt and restriction of rotation
unresponsive to at least six months of manual stretching.

A quarter of all infants were treated at home and all did well. Of
those who had manual stretching over 90% did well and 5% had sur-
gery. None of the postural group needed surgery.

Most infants with muscular torticollis do well with conservative
management. A few (4% in this series) eventually need surgery.
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