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Obijective: To determine the presenting features of brain tumours in children.

Design: Retrospective case note review.

Setting: Paediatric and neurosurgical services at the Wessex Neurology Centre and Southampton Generall
Hospital, UK.

Patients: 200 patients presenting with a CNS tumour between 1988 and 2001.

Results: The commonest first presenting symptoms were headache (41%), vomiting (12%), unsteadiness
(11%), visual difficulties (10%), educational or behavioural problems (10%), and seizures (9%). The
commonest symptoms occurring at any time were headache (56%), vomiting (51%), educational or
behavioural problems (44%), unsteadiness (40%), and visual difficulties (38%). Neurological signs were
present at diagnosis in 88%: 38% had papilloedema, 49% cranial nerve abnormalities, 48% cerebellar
signs, 27% long tract signs, 11% somatosensory abnormalities, and 12% a reduced level of consciousness.
The median symptom interval was 2.5 months (range 1 day to 120 months). A short symptom interval was
significantly associated with high grade tumours and patient age of 3 years or younger.

Conclusions: The well known predominance of headache in children with CNS tumours is confirmed.
Visual, behavioural, and educational symptoms were also prominent. With the exception of seizures,
every initial symptom was accompanied by other symptoms or signs by the time of diagnosis. Questions
about visual symptoms and educational or behavioural difficulties, as well as the more widely recognised
symptoms of raised intracranial pressure and motor dysfunction, are important in the diagnosis of brain
tumours, as are vision assessment and the appropriate plotting of growth and head size.

children, affecting about 500 children and adolescents

annually in the United Kingdom,' and are now the
commonest cause of cancer deaths in childhood.” Their
diagnosis poses difficulties and this is reflected in their
symptom interval, defined as the time period between onset
of symptoms and diagnosis. While some brain tumours are
diagnosed rapidly,” the majority of studies report a mean
symptom interval of at least 14 weeks.*” This is in striking
contrast to mean symptom intervals of 4.5 and 2.8 weeks for
leukaemia and Wilms’ tumour, respectively."

Multiple factors contribute to diagnostic difficulties caused
by brain tumours. Many of the initial symptoms and signs of
brain tumours are non-specific and mimic other more
common and less serious illnesses. Children typically present
with less complete or clear symptomatology than adults,"
although this may partly reflect underrecognition of non-
specific cognitive and personality change in adults."> Brain
imaging of young children often requires anaesthesia and
may therefore not be readily available.

Published descriptions of the presenting features of
children with brain tumours are limited in number and
detail.* > ™ Many reports describe cohorts or case series of
children with tumours of a specific histological type,*” '**"
but this information is not available at the time of clinical
diagnosis. The present study was undertaken to determine
the constellations of presenting clinical features that char-
acterise children with brain tumours, to assist in identifying
those for whom further investigation was or was not likely to
lead to the diagnosis.

Brain tumours are the commonest solid tumours in

METHODS
Information was obtained from the hospital medical records
on the clinical features of all children with a brain tumour
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seen by the paediatric and neurosurgical services at the
Wessex Neurology Centre and Southampton General Hospital
over a 14 year period up to June 2001. In most cases, general
paediatric records, neurosurgical records, and the referral
letter, usually from the family practitioner, provided three
separate sources of record of the initial clinical presentation.
Symptoms were categorised into 11 symptom complexes
(headache, vomiting, visual difficulties, unsteadiness, weak-
ness, educational or behavioural problems, seizures, focal
weakness, abnormalities of growth including weight loss or
gain, increased head circumference, and “other’”’), and signs
into six groups (papilloedema, cranial nerve abnormalities,
cerebellar signs, long tract signs, sensory abnormalities, and
reduced level of consciousness). The nature of the first
symptom and of all symptoms occurring at any stage prior to
diagnosis was recorded. Signs were classified according to
whether they occurred alone or in combination with other
signs.

Statistical analysis

All analyses were undertaken using SPSS 12.0. Subgroup
comparison was undertaken using the Mann-Whitney test
for two subgroups and the Kruskal-Wallis test for more than
two subgroups. Logistic regression analysis was undertaken
to explore the relation between symptom interval and
tumour location, tumour grade, and patient age.

RESULTS

Patient characteristics

In all, 204 patients presented with a CNS tumour during the
14 year period of study, and 200 sets of medical records were
available for analysis. The mean age at presentation was 7.4
years (range 15 weeks to 17 years). The male to female ratio
was 4:3 (114 male, 86 female). Another medical diagnosis
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[ No as first symptom
[ At some time

Headache i [41% |56%
Vomiting B [12% |51%
Unsteadiness B |1 1% |40%
Visual difficulties B |IO% |38%
Educ/behav B |IO% |44%
Seizures B 15%
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Figure 1 Relative frequency of symptoms in 200 children with brain

tumours.

*Includes symptoms of weight loss.

+Other symptoms: developmental regression/delay; abnormal hand
use/foca{moior signs; abnormal gait; reduced hearing, finnitus,
anorexia, dizziness/vertigo; slurred speech; incontinence; poor
coordmahon incidental/antenatal diagnosis; head 'r||r/nec stiffness;
clumsiness; flu-like illness.

preceded the diagnosis of brain tumour in 16 patients: three
shunted hydrocephalus, two severe learning difficulties of
unknown aetiology, two tuberous sclerosis, six neurofibro-
matosis (NF) type 1, one NF type 2, one juvenile chronic
arthritis, and one Duchenne’s muscular dystrophy.

Symptom complexes

Headache was the commonest first symptom (41%) followed
by vomiting (12%), unsteadiness (11%), visual difficulties
(10%), educational or behavioural problems (10%), and
seizures (9%). Growth and endocrine abnormalities, focal
weakness, and excessive head growth occurred as the first
symptom in 5% or fewer of cases. Headache was also the
commonest symptom, occurring at any time during the
symptom interval, affecting 112 children (56%), with the
next commonest symptoms being vomiting in 102 (51%),
educational or behavioural problems in 88 (44%), unsteadi-
ness in 80 (40%), and visual difficulties in 76 (38%) (fig 1).

In children with headache, the symptom had been present
for 4 months or longer in 36% of 106 cases in whom duration
of headache was recorded. Irrespective of duration of
headache, other symptoms were also present at diagnosis in
all cases. The commonest associated symptoms were vomit-
ing, unsteadiness, educational or behavioural problems,
visual difficulties, and disturbed sleep (table 1). The pattern
of headache, recorded in 71 of the 112 children presenting
with headache, was nocturnal or occurred in the early
morning in 43 (61%), present continuously in 13 (18%), and
occurred more in the daytime or evening in 15 (21%). Despite
the presence of additional symptoms, 14 (13%) of the
children with headache had been diagnosed with migraine,
and eight (7%) with tension headache before the diagnosis of
brain tumour.

New onset of educational or behavioural difficulties was
recorded in 88 children. Of these 50 (57%) had behavioural
symptoms alone, 20 (23%) had educational problems alone,
and 18 (20%) had both educational and behavioural
difficulties. Thirty of 68 children with behavioural symptoms
(44%) reported lethargy, while less common problems

503

Table 1 Percentage rates of associated symptoms in
children with headache

Headache<4 months Headache=4 months

Symptom (n=68) (n=38
Vomiting 87 76
Vision 53 63
Unsteadiness 49 45
Education /behavioural 37 45
Disturbed sleep 26 31
Growth/fluid balance 7 21
Seizures 7 8
None 0 0

[ Present as only sign
[ Sign present in combination
with other neurological signs

Cranial nerve [~

. 13% 49%

abnormality |- | |

Cerebellar signs [15% | 48%
Papilloedema | [3% |38%

Reduced LOC 12%
Sensory T2 .
abnormality | 1% l | |
0 20 40 60

Long tract signs

Figure 2 Abnormal neurological signs in children with brain tumours
(n=175).

included irritability, personality change, aggression, and
labile emotions. Twelve of 38 children with educational
problems (32%) had a reported deterioration in reading and
writing, other problems included memory difficulty, poor
concentration, global deterioration, and decrease in school
attendance.

Visual disturbance was reported by 76 children. Additional
details were recorded in 69 of these. Double vision in 30
(43%) and blurred vision in 27 (39%) were the most frequent
specific symptoms. Less frequent visual complaints included
photophobia in four (6%), squint in three (4%), abnormal eye
movements in two (3%), primitive visual hallucinations
(flashing lights) in two (3%), and tunnel vision in one (1%).

Seizures were the presenting symptom in 30 children,
including 19 (63%) that were initially regarded as focal and
11 (37%) as generalised (see below).

Neurological signs
Abnormal neurological signs at diagnosis were recorded in
175 children (88%). Of these, 66 (38%) had papilloedema, 86
(49%) cranial nerve abnormalities, 84 (48%) cerebellar signs,
47 (27%) long tract signs, 19 (11%) somatosensory abnorm-
alities, and 21 (12%) a reduced level of consciousness.
Cerebellar signs were the commonest signs seen in isolation,
affecting 27 children (15%). The next most common
neurological signs seen alone were cranial nerve abnormal-
ities, affecting 22 (13%), and papilloedema, affecting six
(3%). A further nine (5%) had only cranial nerve signs plus
papilloedema. Thus 37 (21%) of those with abnormal
neurological examination had only cranial nerve signs or
papilloedema without other signs (fig 2).

Complete documentation of the findings was available in
only 35 of the 97 cases with abnormal cranial nerve
examination. Of these, 17 (49%) had a visual abnormality
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Figure 3 Box and whisker plot of relation between symptom interval
and presenting symptom or sign in children with brain tumours (n=175).

(abnormal fields 23%, abnormal acuity 26%), 13 (37%) had
sixth and 10 (28%) seventh nerve palsies. An abnormality of
visual field and/or acuity was the only abnormal sign at
diagnosis in 11 (31%) of these children.

The absence of any neurological abnormality on examina-
tion at diagnosis was recorded in 24 children (12%). Of these,
17 (71%) had seizures, including 14 that were focal and three
that were initially regarded as generalised. However, two of
those with ‘““generalised” seizures had a persistent focal
abnormality on EEG and the remaining child had atypical
absence seizures, compatible with the alternative diagnosis of
focal seizures. Of the seven children with neither seizures nor
abnormal neurological signs, four were of school age and
three were aged 2 to 3 years. In the school age group, two had
nocturnal or early morning headache and two had headache
with vomiting or visual symptoms. Furthermore three of
these four had abnormal endocrine function (and underlying
craniopharyngioma), and one had “clumsiness” that proved
to be secondary to longstanding hydrocephalus (and under-
lying tectal glioma). In the 2 to 3 year age group, one, with
known NF1, presented with vomiting and behaviour change,
one had a month’s history of unsteadiness in walking, and
one was undergoing investigation of malfunction of a pre-
existing shunt; his diagnosis was revised from “aqueduct
stenosis” to “tectal glioma”.

Wilne, Ferris, Nathwani, et al

Presenting features and age

The 42 children (21%) aged 3 years or less at presentation
were less likely to present with headache (12%) or seizures
(7%) but were more likely to present with behavioural
problems (48%) than older children (68%, 17%, and 30%,
respectively). Headache was not reported under the age of 2
years.

Symptom interval

The symptom interval, documented in 175 patients, varied
from 1 day to 120 months with a median value of
2.5 months (interquartile range, 1.0 to 6.0). Median duration
of symptoms was shorter for headache (2.0 months) than for
growth or endocrine problems (4 months) or seizures
(6.5 months) (fig 3). Children aged 3 years or less had a
significantly shorter median symptom interval than older
children (1.0 v 3.0 months).

In 164 children whose tumours could be categorised as
either high or low grade, high grade tumours presented more
rapidly than low grade tumours (median 1.5 v 4.0 months).

Children with infratentorial tumours had a significantly
shorter symptom interval than those with supratentorial
tumours (median 2.0 v 4.0 months). The symptom intervals
for cortical hemispheric tumours were longer than for deep
hemispheric tumours (lateral ventricles, corpus callosum,
and thalamus), central tumours (third ventricle, tectum,
pineal, pituitary, hypothalamus, optic pathway and basal
ganglia tumours), and posterior fossa tumours (table 2).

In a binary univariate logistic regression model of 164
children whose tumours could be classified as high grade or
low grade, being aged 3 years or younger, having a high grade
of tumour, or having infratentorial or posterior fossa tumour
location were significantly associated with a symptom
interval of less than the median duration. However, in
stepwise multivariate regression only younger patient age
and higher tumour grade were significantly associated with a
shorter symptom interval (table 3).

DISCUSSION

This study of a large series of children with brain tumours
confirms the well known predominance of headache,
although the classical diurnal pattern of headache was not
reported in a large minority of affected children. Less well
recognised, however, is the fact that visual symptoms or
educational or behavioural difficulties together accounted for
one fifth of all initial symptoms and occurred at some point
before diagnosis in four fifths of all children. Lethargy was a

Table 2 Comparison of symptom interval between groups of differing age, tumour
location, and histological grade
Median
symptom Interquartile
interval range
n (months) Range (months)  (months) SD p Value
Age <3 years 45 1.0 0.3 to 96.0 0.510 2.4 16.8 <0.000
Age > 3 years 130 3.0 0.03 to 120.0 1.0 to 9.0 22.5
High grade 73 1.5 0.03 to 60.0 0.7510 3.0 7.6 <0.000
Low grade 91 4.0 0.03 to 120.0 1.5t0 12.0 28.1
Supratentorial 80 4.0 0.03 to 120.0 1.1t 11.5 297 0.002
Infratentorial 94 20 0.03 to 60.0 0.9 to 4.0 8.5
Cortical hemispheric tumours 25 5.0 0.0310120.0 1.7 to 24.0 40.4  0.003
Deep hemispheric tumours 16 2.0 0.5 to 20.0 0.6 t0 8.3 5.6
Central tumours 39 4.0 0.1 to 96.0 1.0to0 12.0 26.1
Posterior fossa tumours 94 20 0.03 to 60.0 0.9 to 4.0 8.5
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Table 3 Factors associated with a symptom interval of less than the median duration

OR less than median

Variable n symptom interval 95% Cl for OR p Value
Univariate analysis

Infratentorial location 94 2.33 1.24 to 4.37 0.009
Posterior fossa tumour 94 3.67 1.39 to 9.71 0.009
High grade tumour 73 513 2.62 to 10.00 <0.001
Age < 3 years 45 3.94 1.58 to 9.8 0.003
Multivariate analysis

High grade tumour 73 4.83 2.43 to 9.62 <0.001
Age < 3 years 45 3.46 1.32 to 9.09 0.012

Cl, confidence interval; OR, odds ratio.

common behavioural change and has been identified in other
studies.* > In a series of children who died as a result of acute
hydrocephalus, lethargy was a prominent feature and the
authors suggest that more emphasis should be placed on it as
a specific neurological symptom rather than as a non-specific
symptom of systemic illness.” Other investigators have
drawn attention to the fact that parents are experts on the
behaviour of their own child but parental concern about
behaviour could lead to the investigation of large numbers of
children.” Every initial symptom other than seizures was
subsequently accompanied by other symptoms or signs at
diagnosis. This multiplicity of clinical features was an
important aid to diagnosis. One fifth of all children had
cranial nerve signs or papilloedema without other signs,
underlining the importance of cranial nerve examination
including fundoscopy. Only 12% of children with brain
tumours had a completely normal neurological examination
at diagnosis, the majority of them presenting with seizures.
Cranial nerve signs were as common as cerebellar signs, each
occurring in about half of all children, and were more
common than long tract signs. The median symptom interval
for this cohort is similar to that in other studies.”®”*
Symptom intervals were longer in older children, in children
with lower grade tumours, and in those in whom the
presenting symptoms were seizures or problems with growth
and endocrine function.

A careful history may be required to distinguish general-
ised from focal seizures, particularly those with secondary
generalisation. Focal seizures suggest an underlying struc-
tural cause, and the recent NICE (National Institute for
Clinical Excellence) guidelines recommend that magnetic
resonance imaging (MRI) is particularly important in
children or in those who have any suggestion of a focal
onset on history, examination, or EEG (unless there is clear
evidence of benign focal epilepsy). MRI within four weeks is
also recommended for children who develop epilepsy before
the age of 2 years or in whom seizures continue in spite of
first line drug treatment.”’ Application of this policy would
have led to tumour diagnosis in all children with focal
seizures in the present report. The likelihood of detecting an
underlying structural cause in a child with generalised
seizures and otherwise normal history and examination is
low, and imaging in idiopathic generalised epilepsy was
discouraged in the NICE guidelines.

Just under a third of children had an abnormality of visual
field or acuity, and in the majority this was their only cranial
nerve deficit underlining the importance of assessment of
vision in any child suspected of having a brain tumour.
Specialist ophthalmological assessment in selected cases will
assist in the diagnosis.”> New onset of paralytic squint always
requires investigation, and Bell’s palsy should be a diagnosis
of exclusion in children.” **

The study population all presented to the only paediatric
neurosurgical centre in their geographical region and the

What is already known on this topic

® Headaches are a common presenting symptom in
children with brain tumours

® Brain tumours have a long symptom interval in
comparison with other childhood malignancies

What this study adds

® Visual symptoms and educational and behavioural
problems are common in children with brain tumours

o At diagnosis the majority will have abnormal neuro-
logical findings

® A prolonged symptom interval is associated with low
grade tumours, seizures, growth and endocrine
symptoms, and age over 3 years

series is, in that sense, unselected. The non-recording of a
symptom was taken to mean that it was not present.
Although this is clearly not true in every case, the history
recorded in a paediatric neuroscience centre will reflect the
history taken there and at the time of any previous
presentation to health professionals. Medical decisions
will always be based on such histories rather than on the
underlying full facts to which they relate. We cannot
know, however, whether any symptom or sign, seen alone
or in combination at the time of diagnosis of the brain
tumour, was also present at an earlier stage in the history,
although it is reasonable to assume that this was often the
case. Any inference from this study about how to achieve
earlier diagnosis of childhood brain tumour rests on that
assumption.

This study addresses the issue of sensitivity but not that of
specificity of symptoms and signs to the presence of an
underlying brain tumour. Non-specific headache, for exam-
ple, affects 20% of 5 year olds,” and 10% of school age
children suffer from migraine.”*” Studies of unselected
children with headache do, however, suggest that the
presence of headache with abnormal neurological signs is
also rather specific to the presence of an underlying lesion
such as a brain tumour.” The chance of a feature being
indicative of a brain tumour (positive predictive value of the
feature) will increase with the prevalence of brain tumours in
the population in question. Our observations may therefore
be of more value in guiding decisions in children already
selected by referral to secondary or tertiary care than in
unselected children.
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This study suggests that a careful history with questions
about visual symptoms and educational or behavioural
difficulties, as well as about the more widely recognised
symptoms of raised intracranial pressure or motor dysfunc-
tion, along with a thorough examination including, if
possible, the assessment of visual acuity, visual fields, and
the remainder of the cranial nerves, and appropriate plotting
of growth and head size are important in the diagnosis of
brain tumours. Multiple symptomatology should also raise
the clinician’s index of suspicion as it is common in these
children and is more likely to be detected when patients are
followed up after an interval. Neuroimaging should be
undertaken routinely for epilepsy where seizures had their
onset in the first 2 years after birth or have focal features.
Among children who present with a single symptom other
than seizures and have a normal neurological examination
and normal growth, very few will have an underlying brain
tumour. The exceptions will usually be preschool children
who are uncooperative for examination.
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