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Abstract The pre-diagnostic period of 252 children
(median age 6.3 years, range 0-16.9 years) with primary
brain tumours was assessed to analyse their clinical
presentation and reasons for any delay in diagnosis. The
median pre-diagnostic symptomatic interval (PSI) was
60 days (range 0-3010 days) with a parental delay of 14
days (range 0-2310 days) and a doctor’s delay of 30 days
(range 0-3010 days). Only 33% of brain tumours were
diagnosed within the Ist month after the onset of signs/
symptoms. PSI correlated significantly with patients’ age
and tumour histology, but not with gender, year of di-
agnosis or tumour location (supratentorial hemispheric,
supratentorial midline, infratentorial). In children older
than 2 years, most common initial signs/symptoms were
headache, nausea/vomiting, seizures, squint/diplopia,
ataxia and behavioural changes. In children younger
than 2 years, most common initial signs/symptoms were
seizures, vomiting, head tilt and behavioural changes.
These signs/symptoms are by no means pathognomonic
features of brain tumours, making the diagnosis in the
early course often difficult. Conclusion: given the fact
that the vast majority of patients (88% in the present
study) develop further signs/symptoms, a high level of
awareness, a detailed medical history and repeated cor-
rectly interpreted neurological examinations should lead
to an earlier diagnosis and to a higher probability of
total tumour resection.
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Introduction

As a group, brain tumours are the most common solid
tumours in children [5]. They differ from primary central
nervous system tumours occurring in adults not only in
histology, localization, management and prognosis, but
also in clinical presentation [6]. At the onset of illness,
the nature of neurological and systemic dysfunction is
variable and relates not only to the site of tumour origin,
but also to the child’s age and developmental level [11].

Previous studies have indicated delays in the diag-
nosis of childhood brain tumours [3, 4, 9]. Gjerris et al.
[4] found a pre-diagnostic symptomatic interval (PSI) of
more than 6 months in 50% of 316 children in whom
intracranial tumours were diagnosed during the years
1935-1959. Given the increasingly widespread avail-
ability of neuroimaging in the 1990s, diagnosis was ex-
pected at an earlier stage; however, studying 74 children
diagnosed during the years 1990-1994, Edgeworth et al.
[3] found an almost similar PSI of 5 months (mean
value).

To identify factors related to PSI, we analysed a large
group of paediatric brain tumour patients and compared
PSI with age, gender, tumour location, histology, year of
diagnosis and clinical presentation. We then identified
patients’ characteristics most strongly associated with
long doctor’s delays in an attempt to concentrate on
efforts of early detection.

Patients and methods

A retrospective study was undertaken of 252 children with primary
brain tumours admitted consecutively to the University Children’s
Hospital of Zurich, Switzerland from January 1980 to December
1999. The PSI was defined as the interval between the onset of
signs/symptoms and the time of diagnosis by MRI, CT or other
imaging techniques.


Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 595.276 785.197 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /sRGB
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


664

In 167 (66%) of the patients, medical charts allowed a separa-
tion of the PSI into an interval between sign/symptom onset and
first medical consultation (parental delay) and that between first
medical consultation and diagnosis by CT, MRI or other imaging
techniques (doctor’s delay).

Pearson’s correlation was used to examine the relationship
between the logarithm of PSI, parental delay and doctor’s delay
with age and year of diagnosis. In Fig. 1 and Fig. 2, this rela-
tionship was estimated by a locally weighted scatter plot smoother
(LOWESS) [1] as implemented in the statistical environment S-Plus
[10]. The equality of the delays within subgroups (gender, tumour
location, tumour histology, increased intracranial pressure (ICP))
and the equality of parental and doctor’s delays was tested non-
parametrically by the Wilcoxon, Mann-Whitney and Kruskal-
Wallis tests.

Results
Patient and tumour characteristics

The median age at diagnosis for all patients was 6.3 years
(range 0.0-16.9 years). A total of 150 (60%) patients were
male and 102 (40%) were female. Tumour location was
infratentorial in 117 (46%), supratentorial hemispheric
in 78 (31%) and supratentorial midline in 57 (23%)
patients. Low-grade gliomas (21%), medulloblastomas
(19%), high-grade gliomas (14%) and craniopharyngio-
mas (8%) were the most common brain tumours, fol-
lowed by ependymomas (6%), germ cell tumours (6%),
choroid plexus tumours (4%), oligodendrogliomas (2%),
mixed gliomas (2%), neuronal and mixed neuronal-glial
tumours (2%) and meningiomas (1%).

Signs and symptoms

The initial signs/symptoms, i.e. signs/symptoms that
appeared within the Ist day of the PSI, are shown in
Table 1. At the time of diagnosis, only 30 (12%) patients
were monosymptomatic. All other patients had two
(n=28), three (n=31), four (n=33), five (n=29), six
(n=33), and seven (n=27) or more (n=41) signs/
symptoms. These are shown in Table 2.

Signs and symptoms of increased ICP (headache,
nausea/vomiting, papilloedema, sixth-nerve palsy, en-
largement of the head, gaze depression, bulging fon-
tanelle, separation of cranial sutures) were noticed in 124
(49%) patients at sign/symptom onset and in 186 (74%)
patients at diagnosis. Of these, 74% had hydrocephalus.

Prediagnostic symptomatic interval

The median PSI of all patients was 60 days (range
0-3010 days) with a median parental delay of 14 days
(range 0-2310 days) and a median doctor’s delay of 30
days (range 0-3010 days). Only 81 (32%) of the 252
brain tumours were diagnosed within 30 days after onset
of signs/symptoms. PSI was 31-60 days in 49 (19%)
patients, 61-180 days in 56 (22%) patients, 181-365 days
in 33 (13%) patients and >1 year in 33 (13%) patients.
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Fig. 1 Age at diagnosis compared with PSI (a), parental delay (b)
and doctor’s delay (¢). Younger children had shorter PSIs and
shorter parental delays, but not shorter doctor’s delays

Age had a statistically significant correlation with
PSI (Pearson’s correlation »=0.32, P<0.0001) with
shorter PSI for younger children (Fig. 1a). The pa-
rental delay was significantly shorter for younger
children when compared with older children (Pearson’s
correlation r=0.16, P<0.05) (Fig. 1b). However, the



[=3 . * .
8
er .
[=3 . . . .
8L
3
- . *.
te . .« °
. - H .. . K ~ . e
2 gl . . Lt
o 2o . . 3
g —
4 .
% B - .. - IR
o . Y A
- - -
ol -
o
C | | . | T . o
1980 1985 1990 1995 2000
Year of diagnosis
. b
38
er .
2
3L
0
@
>
©
T g
=~ 2r
S
S gl
z
s -
o 4
© .
a
oL
o b
[ocesee  ms  as pes cseme L. cor eme ojem o es o o e
1980 1985 1990 1995 2000
Year of diagnosis
o
[=3
=S
o
8-
w0
@
2
©
k)
)
> 9
F°
3 (=3
S8t
v
i<}
k3]
[=3
o
oL
r=-0.26
p<0.001
o |
| L. @ | o e e sewsser am o cmean
1980 1985 1990 1995 2000

Year of diagnosis

Fig. 2 Year of diagnosis compared with PSI (a), parental delay (b)
and doctor’s delay (c¢). Doctor’s delay was shorter in the 1990s
compared to the 1980s

doctor’s delay did not correlate significantly with age
(Fig. 1c).

Tumour histology also correlated with PSI. Aggres-
sive fast-growing tumours (glioblastoma multiforme,
medulloblastoma, germ cell tumours, anaplastic astro-
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Table 1 Frequency of initial signs and symptoms depending on age

Signs and All Age <2 Age 22
symptoms (n=252) years years
(n=50) (n=202)

Headache 35% 2% 43%
Nausea/vomiting 26% 18% 28%
Seizures 14% 20% 12%
Behavioural changes 10% 12% 9%

(irritability, mood,

character, school)
Ataxia 8% 8% 8%
Squint/diplopia 8% 6% 8%
Lethargy 5% 4% 5%
Hemiparesis/quadriparesis 5% 8% 4%
Head tilt 5% 12% 3%
Anorexia 3% 6% 2%
Growth failure 3% - 3%
Sleep disturbance 2% 2% 2%
Polyuria/polydipsia 2% - 3%
Visual loss 2% 2% 2%
Weight loss 2% 4% 1%
Facial nerve palsy 2% 4% 1%
Enlargement of the head 2% 8% -
Cranial neuropathies other 1% - 1%

than 11, TV, VI, VII
Gaze depression/separation 1% 4% -

of cranial sutures/bulging

fontanelle
Dizziness 1% - 1%
Nystagmus 1% 4% -
Papilloedema 1% - 1%
Amenorrhoea 0.5% - 0.5%
Proptosis 0.5% - 0.5%

cytoma) had a shorter PSI when compared with slowly
growing tumours (pilocytic astrocytoma, craniopharyn-
gioma) (data not shown).

Patients with signs/symptoms of increased ICP had a
statistically shorter PSI (median 60 versus 152 days;
P=0.007, Mann-Whitney test) and shorter doctor’s de-
lays (median 20 versus 60 days; P=0.02, Mann-Whitney
test) when compared with the children without increased
ICP. However, the parental delays for these two groups
of patients were similar.

Tumour location (supratentorial hemispheric, supra-
tentorial midline, infratentorial) and gender did not
correlate with PSI, parental delay or doctor’s delay (data
not shown).

During the studied period of 20 years, there were no
statistically significant changes in the PSI (Fig. 2a) and
in the parental delay (Fig. 2b). However, the doctor’s
delay decreased significantly (Pearson’s correlation r=
—-0.26, P<0.001; Fig. 2¢). This might be explained by a
better availability of non-invasive imaging techniques.
At the Children’s Hospital of Zurich, CT was introduced
in 1982 and MRI in 1986.

In 75 (45%) patients, the doctor’s delay was more
than 30 days indicating misinterpretation of signs and/or
symptoms. Common diagnostic difficulties included the
correct interpretation of headache, nausea/vomiting,
seizures, behavioural changes and squint/diplopia
(Table 3).
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Table 2 Frequency of signs and symptoms at diagnosis depending
on age

Table 3 Frequency of signs and symptoms noticed by medical
doctors > 30 days prior to diagnosis

Signs and symptoms All Age <2 Age 22
(n=252) years years
(n=41) (n=211)
Nausea/vomiting 60% 54% 61%
Headache 54% 5% 64%
Ataxia 46% 17% 52%
Hemiparesis/quadriparesis 35% 37% 35%
Squint/diplopia 35% 17% 38%
Papilloedema 35% 10% 39%
Seizures 21% 27% 19%
Behavioural changes 22% 29% 20%
(irritability, mood,
character, school)
Gaze depression/separation  15% 41% 10%
of cranial sutures/bulging
fontanelle
Cranial neuropathies other 15% 15% 16%
than 111, IV,VLLVII
Facial nerve palsy 14% 10% 15%
Head tilt 14% 20% 13%
Lethargy 13% 15% 13%
Visual loss 13% 15% 13%
Weight loss 12% 15% 12%
Nystagmus 11% 5% 12%
Decreased level of 9% 10% 9%
consciousness/drowsiness
Enlargement of the head 9% 32% 5%
Visual field defects 6% - 8%
Sleep disturbance 6% 10% 5%
Hemisensory loss 4% - 5%
Anorexia 4% 10% 2%
Growth failure 4% - 4%
Polyuria/polydipsia 3% - 4%
Dizziness 2% - 3%
Temperature regulation 2% 5% 2%
disturbance
Parinaud syndrome 1% — 1%
Amenorrhoea 1% - 1%
Dysarthria 1% - 1%
Proptosis 1% 2% 0.5%
Bulimia 1% - 1%
Sexual precocity 1% - 1%
Tinnitus 0.5% - 0.5%
Discussion

In the present study, we found a high variability of
presentation and considerable delays in the diagnosis of
paediatric brain tumours. PSI correlated with patient’s
age and tumour histology, but not with gender or tu-
mour location.

Infants had a shorter PSI than older children. Dif-
ferent reasons may account for this observation. Infants
are under a closer physicians’ care than older children
and much more consideration is given to non-specific
signs/symptoms by parents as well as by physicians. In
addition, the biology of brain tumours for infants is
often aggressive with an increasing number of signs/
symptoms within a relatively short period of time.

In the present study, 74% of the patients had signs/
symptoms of increased ICP at diagnosis. These patients
had a shorter PSI when compared to patients without

Patients with this
sign/symptom (%)

Signs and symptoms Patients (n)

Headache 31 23
Nausea/vomiting 28 19
Seizures 18 35
Behavioural changes 15 29

(irritability, mood,
character, school)

Ataxia 11 9
Squint/diplopia 10 11
Head tilt 7 19
Weight loss 7 23
Hemiparesis/quadriparesis 6 7
Polyuria/polydipsia 6 75
Lethargy 5 15
Growth failure 4 44
Facial nerve palsy 3 8
Visual loss 6 3
Papilloedema 2 8
Enlargement of the head 2 9
Cranial neuropathies other 2 5
than III, IV, VI, VII
Sleep disturbance 2 13
Anorexia 2 22
Dizziness 2 33
Gaze depression/separation 1 3
of cranial sutures/bulging
fontanelle
Visual field defects 1 6
Temperature regulation 1 17
disturbance
Tinnitus 1 100

increased ICP. Although signs/symptoms of increased
ICP may be difficult to interpret in the beginning, brain
tumour patients with increased ICP have the potential to
deteriorate very rapidly. Without a high level of
awareness, initial signs of increased ICP may be over-
looked very easily. Increased ICP in brain tumours may
be caused directly by infiltration or compression of
normal CNS structures or indirectly by non-communi-
cating hydrocephalus. Initial features of elevated ICP
often are insidious, nonspecific and non-localising.
Among school-aged children, fatigue, personality
changes and vague intermittent headaches are common.
Over time, morning headache and vomiting ensue.
Sixth-nerve palsy and papilloedema may develop if the
pressure is long-standing. Brain tumours in infants
causing increased ICP are notorious for their protean
clinical manifestations, which may include irritability,
listlessness, vomiting, failure to thrive and excessive, for
parents difficult to spot, head growth [6]. Hydrocephalus
is compensated by open fontanelles and split sutures and
less likely to produce classical signs of elevated ICP.
The presenting signs/symptoms of supratentorial
midline tumours reflect their compression or infiltration
of adjacent structures. Lesions around the optic chiasm
and hypothalamus, such as chiasmatic-hypothalamic
gliomas, produce a combination of visual loss, neu-
roendocrine dysfunction, and behavioural and appetite
disturbances. Pineal region tumours typically manifest



with eye movement abnormalities, such as Parinaud
syndrome (i.e. upward gaze palsy, lack of convergence,
failure of accommodation). Both groups of tumours
often produce signs/symptoms of increased ICP from
obstruction of the CSF pathways.

Infratentorial tumours manifest in a variety of ways,
depending on the tumour type. Diffuse intrinsic brain-
stem gliomas typically produce rapidly progressive cra-
nial neuropathies (typically VI and VII) and long-tract
signs, such as hemiparesis/quadriparesis and ataxia but
no signs of increased ICP. In contrast, cerebellar astro-
cytomas often exhibit a long history of ataxia and signs/
symptoms of elevated ICP resulting from gradual ob-
struction of the fourth ventricle. With progressive tu-
mour enlargement, neck pain may develop as a result of
tonsillar herniation. Medulloblastomas produce signs/
symptoms that are similar to those of a cerebellar astr-
ocytoma, although there is generally a swifter progres-
sion. Because ependymomas typically arise from the
floor of the fourth ventricle, nausea and vomiting as a
result of compression or invasion of the “vomiting
centre”’ near the obex is often an initial symptom. With
progressive enlargement, these tumours occlude the
fourth ventricle, producing obstructive hydrocephalus.

A median PSI of 60 days seems unacceptably long.
However, when compared with the results reported by
Gjerris et al. [4] and Edgeworth et al. [3], the PSI found
in the present study was significantly shorter. Better
availability of CT and MRI since the 1990s resulted in
shorter doctor’s delay; however, this correlation did not
result in a shorter PSI. This underlines the importance of
a detailed medical history and an immediate neurologi-
cal examination, as is true in the management of chil-
dren with headache. Headache frequently heralds the
development of a brain tumour in a child. Headache,
however, is suffered by 5%-30% of elementary school
children, whereas the annual incidence of brain tumours
in this age group approximates only 3/100,000 (0.003%)
[12]. Uncritical imaging would result in a large number
of normal neuroimaging studies. In our study, most
children with headache as initial symptom showed ad-
ditional signs/symptoms within a relatively short period.
This is consistent with a large study of the Childhood
Brain Tumor Consortium [12]. Analysing 3276 patients,
less than 3% of children with headache and a brain tu-
mour had no abnormality on neurological examination.

Although not yet proven, a shortened PSI may lead
to the detection of smaller brain tumours that are easier
to resect. The value of extensive tumour resection, which
is controversial for malignant brain tumours in adults,
has been confirmed for a variety of childhood brain
tumours including medulloblastoma, supratentorial
primitive neuroectodermal tumours, ependymoma and
astrocytoma [2, 7, 8, 13,14].
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In conclusion, early diagnosis of paediatric brain
tumours has not become easier since the introduction of
CT and MRI. Only a high degree of awareness, a tar-
geted medical history and repeated correctly interpreted
neurological examinations lead to an immediate diag-
nosis.
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