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Abstract
Purpose The aim of this study is to describe the symptoms
and signs of central nervous system (CNS) tumors in a pedi-
atric population and to assess the time interval between the
onset of the disease and the time of the diagnosis.
Methods A retrospective observational study was conducted
at our Oncology Pediatric Unit between January 2000 and
November 2011. We included 75 children between 5 months
and 16 years (mean age of 7.8 ± 4.7 years), with male to
female ratio of 3:2. The tumor localization was supratentorial
in 51% of cases, and the most frequent histological type was
low-grade astrocytoma (48%).
Results Presenting symptoms were headache (31%),
vomiting (31%), seizures (21%), and behavioral change
(11%). The most common symptoms at diagnosis were head-
ache (51%), vomiting (51%), visual difficulties (37%), sei-
zures (24%), and behavioral change (21%). By the time of
diagnosis, neurologic examination was altered in 68% of our
patients. Vomiting (44%) and behavioral change (44%) were
the most frequent symptoms in children under 4 years of age,
headache (61%) and vomiting (54%) in children older than
4 years. The median interval between symptoms’ onset and
diagnosis was 4 weeks (range 0 to 314 weeks). A longer
symptom interval was associated with younger age,

infratentorial localization and low-grade tumors. The differ-
ences in symptom intervals between the different age, loca-
tion, and grade groups were not statistically significant.
Survival probability was influenced by tumor grade but not
by diagnostic delay or age of the child.
Conclusions Headache and vomiting are the earliest and
commonest symptoms in children with brain tumors. Visual
symptoms and signs and behavioral change are often present.
Abnormalities in neurological examination are reported in
most of the children. Intracranial hypertension symptoms sug-
gest the need for a neurological clinical examination and an
ophthalmological assessment.
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Introduction

CNS tumors account for 20% of all childhood cancer and
are the largest group of pediatric solid tumors in the de-
veloped countries. They represent the second cause of
cancer-related death in European children [1]. Clinical
manifestations related to CNS neoplasms in children are
well known, but at the illness onset, the neurologic and
clinical presentation can change, according to tumor lo-
calization, children’s age, and tumor ’s histology.
Furthermore, many symptoms and clinical signs are rather
unspecific and can be easily attributed to less severe pe-
diatric disorders, such as gastroenteritis, migraine or be-
havioral problems, and subtle neurological deficits could
be difficult to recognize in younger children [2, 3]. The
diagnostic delay for brain tumors is one of the longest of
all childhood cancers, with a reported median ranging
from 1 to 27 months [2, 4], and seems not to have
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decreased despite increased availability of neuroimaging
during the 1990s [5]. Time before diagnosis represents a
very distressing period for the child and his family, and it
may affect their adaptation and reaction to the diagnosis
[6]. Moreover, long diagnostic delays are associated with
a higher risk of developing life threatening complications,
irreversible neurological damage, and cognitive deficits in
later life [7].

Methods

Case note review of 85 children with brain tumor referred
to our Oncology Unit from January 2000 to November
2011 was carried out to obtain information about clinical
characteristics at diagnosis, tumor location, histopatholo-
gy of the tumor, symptoms at onset, symptoms occurring
at any moment before the diagnosis, and at diagnosis. The
study included children aging between 0 and 16 years. We
later excluded 10 patients because of incomplete informa-
tion. Symptoms were categorized into 13 groups: head-
ache, vomiting, seizures, behavioral change, visual diffi-
culties, vertigo, pain, weight loss/growth retardation,
tremor, clumsiness/incoordination, dysphagia, inconti-
nence, and developmental delay. Signs were categorized
into 11 groups: visual system abnormalities, cerebellar
signs, focal motor weakness, other motor system abnor-
malities, abnormal muscle tone, sensory abnormalities,
endocrine problems, abnormal osteotendineal reflexes, re-
duced level of consciousness (LOC), macrocephaly, and
cranial nerve abnormalities. We defined the symptom in-
terval as the time between the onset of initial symptoms or
signs of a CNS tumor and its diagnosis by CT or MR

imaging. Information about patient’s survival was obtain-
ed from a regional computerized data system.

Statistical analysis

Descriptive analysis was performed to characterize the study
population. Mann-WhitneyU test and Fisher’s exact test were
used for comparison between groups as appropriate.
Correlation analysis between continuous variables was per-
formed using Spearman’s correlation as appropriate.
Survival curves were calculated using Kaplan-Meier method.
For multivariate analysis Cox’s proportional hazards regres-
sion model was used to estimate hazard ratio (HR) and 95%
confidence intervals (CIs). Predictors were tumor grade and
diagnostic delay. All analyses other than decision trees were
performed with IBM SPSS 23.0 for Windows (IBM Corp.
Armonk, NY, USA), and a p < 0.05 was considered statisti-
cally significant for all analyses.

Results

Patient characteristics

The informationwere available for 75 patients. Themedian age at
presentation was 7.8 years (IQR 25°–75°: 3.3–11.7) with male to
female ratio of 3:2 (45 male, 30 female). The tumor was
supratentorial in 38 children (51%), infratentorial in 32 (43%),
located in the spinal cord in 4 (5%), and diffuse in 1 (1%). In 3
children, more than one location was involved (4%). Pilocytic
astrocytoma (31%) was the most frequent histological type,
ranked by fibrillar astrocytoma and chraniopharingioma. The his-
tological diagnosis is shown in Table 1.

Table 1 Histological diagnosis
of 75 pediatric patients with CNS
tumor

Histological diagnosis Number of patients % of patients

Pilocytic astrocytoma 23 31.7

Fibrillary astrocytoma 7 9.3

Craniopharyngioma 5 6.7

Medulloblastoma 4 5.3

Low-grade glioma NOS 3 4

Ganglioglioma 3 4

Dysembrioplastic neuroepithelial tumor 3 4

Ependymoma 3 4

Rosette-forming glioneuronal tumor of the fourth ventricle 2 2.7

Neuronal and mixed neuroglial tumors NOS 2 2.7

Pleomorphic xantoastrocytoma 2 2.7

Meningioma meningothelial 2 2.7

Brain stem glioma 2 2.7

Other 14 18.7
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Symptoms and signs

The most frequent symptoms were headache and vomiting.
Less than 3% of the patients presented weight loss, clumsi-
ness/incoordination, tremor, or dysphagia as first symptoms.
Table 2 describes frequency of symptoms at the onset of the
disease and anywhere before diagnosis in children with CNS
tumors. Visual difficulties (32%) were the commonest symp-
toms developing at a later stage before diagnosis, followed by
headache (20%), vomiting (20%), behavioral problems
(11%), weight loss (5%), and vertigo (4%). Seizures were an
early manifestation in almost all cases and only in 3% of the
children developed at a later stage. The combination of
vomiting and headache was observed in 10 patients (13%) at
symptom onset, and it was more frequent at diagnosis (37%)
while isolated vomiting or headache were reported in 20 pa-
tients. At diagnosis, only in 4 (5%) of the children papilledema
was described in combination with headache and vomiting. In
children with pain, this was located in order of decreasing
frequency at lumbar spine, neck, limbs, and pelvic girdle.

Neurologic examination at diagnosis was not normal in 51
children (68%). Neurological findings are shown in Table 3.
Thirteen (54%) among the 24 patients without detectable neu-
rological alterations presented with seizures. The most fre-
quent neurological signs were visual system abnormalities
(20%) and cerebellar signs (7%). Incidence of motor system
abnormalities alone was 4%, but they were more frequently
associated to other neurological signs (24%). Cranial nerve
defects were reported in isolation in 3% of the children, and
they were associated to other neurological signs in 9% of the
patients. Nobody presented with reduced level of conscious-
ness (including lethargy and coma) as only clinical sign.

Signs of visual system involvement were detected at dis-
ease onset in 10 children (13%), and they developed at a later

stage in 33 (44%). Five children (7%) presented with ocular
signs as the only clinical finding at the onset of the illness;
reporting reduction in visual acuity, visual field defects, ab-
sence of stereopsis, and repeated episodes of Bwide eyes
open^. Ocular manifestation observed is reported in Table 4.

Under 4 years of age headache was less common, affecting
26% of children, whereas vomiting (44%) and behavioral
change (44%) were the most common symptoms. Headache
(62%) and vomiting (54%) were the most frequent symptoms
in children older than 4 years old.

Symptom interval

Information about symptom interval was available for 74 pa-
tients. The median interval between symptoms onset and di-
agnosis was 4 weeks (IQR25°–75°: 2–17 weeks). Forty-nine
percent of patients were diagnosed within 4 weeks, for 26%
of the children between 4 to 16 weeks were needed, and 25%
were diagnosed after 16 weeks or later. There was no statisti-
cal difference in diagnostic delays related to grade (p = 0.402),
localization of tumor (p = 0.197 comparing infratentorial and
supratentorial, and p = 0.663 comparing infratentorial and
spinal cord localization), and age of the child (Spearman’s
correlation coefficient r = 0.625). There was no significant
correlation between diagnostic delay and younger or older
age group of the child (considering two groups with ages
respectively inferior or superior to 4 years) neither
(Spearman’s correlation coefficient r = 0.748, p = 0.48).

Survival

Five-year survival information was available for 71 patients as
four of the children were lost at follow-up. The estimated
overall 5-year survival in our population is 85.9%. The
Kaplan-Meier curves of overall survival according to diagnos-
tic delay and tumor grade are shown respectively in Figs. 1
and 2. The group of children with high-grade tumor had a

Table 2 Frequency of symptoms at the onset of the disease and
developed at a later stage before diagnosis in children with CNS tumors

Symptom % as first symptom % at a later stage

Headache 30.7 20.0

Vomiting 30.7 20.0

Visual difficulties 5.3 32.0

Seizures 21.3 2.7

Behavioral change 10.7 10.7

Vertigo 5.3 4.0

Pain 6.7 2.7

Weight loss 2.7 5.3

Tremor 1.3 2.7

Clumsiness/incoordination 1.3 2.7

Dysphagia 1.3 1.3

Incontinence 0 2.7

Developmental delay 0 1.3

Table 3 Signs observed at diagnosis in patients with CNS tumors

Sign % of children

Visual system abnormalities 44.0

Cerebellar signs 28.0

Motor system abnormalities 17.3

Cranial nerve abnormalities 12.0

Reduced LOC 9.3

Focal motor weakness 8.0

Macrocephaly 6.7

Abnormal muscle tone 6.7

Abnormal reflexes 6.7

Sensory abnormalities 4.0

Endocrine problems 2.7
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significant worse outcome in terms of 5-year survival proba-
bility compared with that of children with low-grade tumors
(HR 17.26 95% CI: 4.37–68.37). A diagnostic delay longer
than 4 weeks did not result in an increased risk of reduced
survival with respect to an earlier diagnosis (HR 0.99 95% CI:
0.79–1.09).

Discussion

Our population included children diagnosed at our hospital, as
well as patients coming from other centers, as the
Neurosurgery Department of our hospital is a tertiary referring
center that collects cases from a wide range of Italian regions.

Over time, a steady increase in the incidence of pedi-
atric brain tumors was reported in several populations [8,
9]. In Europe, between 1978 and 1997, an increase of
1.7% was described [1]. This rise in incidence could be
related to three factors: an improvement in the reporting
practice in tumor registries, the availability of more ad-
vanced diagnostic imaging techniques, or a true increase
in incidence rates [3]. Data from AIRTUM Data Bank are
in favor of better reporting practice and diagnostic antic-
ipation as the most likely explanations for this increase
[10].

Mean age of patients included in this study was 7.8 years,
comparable with other bigger studies [3, 11–13].

The comparison of the histological diagnosis with other
European cohorts, shows a higher percentage of neuronal
and mixed neuroglial tumors in our population (15 vs 8 and
5%, respectively in French and Swedish cancer registry),
whereas embryonal tumors, in particular medulloblastomas,
and ependymal tumors resulted less frequent [14, 15].

In our population, the prevailing symptoms, both at the
onset and at diagnosis, were headache and vomiting. They
were more frequent in children with posterior fossa tu-
mors, as tumors growing in these sites are responsible of
a precocious compression of the cerebral acqueduct, caus-
ing symptoms of endocranial hypertension. The associa-
tion of these two symptoms with papilledema was ob-
served only in 5% of the children at diagnosis, in contrast
to 33% of the children reported in previous studies [16].
Headache is the most common symptom in our cohort but
it is a common symptom in the general pediatric popula-
tion as well, with a reported prevalence ranging from 2.7
to 21% [17]. The nature of headache associated with a
brain tumor can be very variable [16]. Frequently, it re-
sembles a tension headache or the beginning of a mi-
graine. If not associated to other symptoms suggestive
of a brain tumor, it will be difficult to suspect the pres-
ence of a cancer, especially in lack of particular features

Fig. 1 Probability of overall
survival with respect to diagnostic
delay. Black line depicts overall
survival for children diagnosed by
4 weeks and red line depicts
survival for children diagnosed
after 4 weeks

Table 4 Visual symptoms and signs at diagnosis in patients with CNS
tumors

Visual symptom/sign % of children

Strabismus 21.3

Optic disc abnormalities other than papilledema 14.7

Nystagmus 14.7

Double vision 12.0

Papilledema 10.7

Visual field defects 9.3

Palpebral ptosis 8.0

Anisocoria 5.3

Abnormal pupillary light reflex 4.0

Blurred vision 4.0

BEyes wide open^ episodes 4.0

Loss of stereopsis 1.3

Abnormal eyes movements 1.3

Sun setting sign 1.3

Visual loss 1.3
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such as a progressive worsening of the pain or a nocturnal
or morning prevalent time of presentation. Young age can
represent a red flag, as in young children, it is unusual
and more likely secondary to an intracranial pathology
[18].

In our population, only 1/11 children younger than 2 years
complained of headache, and 74% of the children with this
symptom were older than 6 years old. Considering that only
around 1 of 10 children with a brain tumor will present with
headache as only symptom with a normal physical examina-
tion, in most cases, history taking and thorough physical and
neurologic examination will identify children needing further
assessment [17]. Routine neuroimaging in children with head-
ache and a normal neurological examination is generally not
appropriate [19].

Vomiting was observed in 31% of the children as first
symptom, and it used to be related with headache or cranial
nerve abnormalities. Seizures’ incidence at symptom onset
was 21%, and in 3% of children, they developed later. The
prevalence of this symptom in our cohort is higher compared
with other clinical studies, probably reflecting a selection bias,
as in our population, glioneuronal and mixed neuroglial tu-
mors were more frequent [2, 11, 20, 21]. Children with hemi-
spherical tumors frequently presented with seizures and were
diagnosed at an early stage. NICE guidelines suggest the ex-
ecution of a MRI in all children who develop epilepsy before
the age of 2 years, in those with any suggestion of a focal
onset, and in patients in whom seizures continue in spite of
first line medication [22].

Behavioral change, already reported as common clinical
manifestation in other clinical studies, resulted quite frequent
in our population as well, above all in children younger than
4 years old [3, 11, 13, 16, 23]. In older children emotional
problems, eating disorders, and declining in school perfor-
mance were more frequently observed. These clinical mani-
festations are often subtle and difficult to ascribe to the

presence of a CSN tumor, even though they often develop at
an early stage [6].

Visual manifestations are very common findings among
children with CNS tumors, and in particular, 5 children pre-
sented with visual symptoms as the only manifestation at the
onset of the disease. At diagnosis, 21% of children presented a
squint of new onset or the worsening of a pre-existing squint.
Abnormalities of the neurological examination were found in
68% of the children, and most of them with no history of
seizures. The association of multiple neurological signs led
to neuroimaging. Visual system abnormalities (20%) and cer-
ebellar signs (7%) were the commonest neurological signs
observed, highlighting the importance of a neurological and
ocular assessment.

Mehta et al., Wilne et al., and Dobrovoljac et al. reported
median symptom interval respectively of 12, 13.2, and
8 weeks [3, 5, 11], longer than the median of 4 weeks ob-
served in our population.

Data from the literature show that the duration of symp-
toms before diagnosis is influenced by age of the child, tumor
location, and histology of the tumor. As for the correlation
between age and diagnostic delay, we observed an earlier di-
agnosis in children older than 4 years old (median of 6.0weeks
for children younger than 4 years vs 4.5 weeks for children
older than 4 years), but this difference did not result statistical
significant. Our data are in contrast with that of many other
studies, reporting an earlier diagnosis in younger children
compared with older children, suggesting that a more aggres-
sive biology of brain tumors and a greater consideration gen-
erally given to nonspecific clinical manifestations in infants
could anticipate the time of diagnosis [5, 13, 16, 21, 23–25].

As for the relationship between tumor location and symp-
tom interval, supratentorial locationwasmore often associated
with an early diagnosis (58% of supratentorial tumors were
diagnosed within 4 weeks vs less than 40% of infratentorial
tumors). For infratentorial tumors, the diagnosis was made

Fig. 2 Probability of overall
survival with respect to tumor
grade. Black line depicts overall
survival for children with low
grade tumors and red line depicts
survival for children with high
grade tumors
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within 4 weeks only in 50% of cases, even when the children
had a high-grade tumor, while all high-grade tumors
supratentorial or located in the spinal cord were diagnosed
within 4 weeks.

In our population, approximately 75% of the children with
a high-grade tumor were diagnosed within 4 weeks from the
symptoms’ onset suggesting that aggressive tumors have a
faster growth pattern and tend to present at an early stage with
neurological signs or symptoms due to intracranial hyperten-
sion [5, 13, 21, 24–26].

The absence of statistical significance in diagnostic delays’
differences with respect to age, location, and grade groups
could be related to the small size of our population.

The clinical features were also found to influence the diag-
nostic delay. Pain, mainly reported in children with posterior
fossa or spinal cord tumors, and tremor, led to an early diag-
nosis in most cases.

On the contrary, long prediagnostic symptomatic intervals
were observed for children presenting with vomiting or head-
ache. For more than 40% of the children presenting with these
symptoms, the interval was longer than 4 weeks. Diagnostic
delay was observed especially when headache was not asso-
ciated with vomiting or when this association was tardive.
Other studies already described long diagnostic delays in chil-
dren presenting with headache not only when the features of
the latter suggested a tension headache or a migraine, but even
when alarm signals, such as a progressive or nocturnal pattern
of presentation, were present [5, 16, 27].

Visual difficulties were associated with a symptom interval
longer than 4 weeks in more than 60% of the cases. Young
children could find it difficult to identify and reliably verbalize
their visual deficits and these could be misinterpreted by the
parents and be mistaken for an increasing clumsiness of the
child. Furthermore, even among older children, visual loss can
go unrecognized by patients [28–30]. Diagnostic delay was
also reported in children with clumsiness or incoordination,
probably because these manifestations are often subtle and
difficult to interpret, above all in young children, and are fre-
quently ignored by parents or overlooked by physicians.

Tumor histopathology resulted the foremost determinant of
the child’s survival with a prevailing effect over any possible
diagnostic delay. Indeed, aggressive and rapidly growing tu-
mors, with their usually more fully developed pattern of pre-
sentation imply not only a shorter prediagnostic symptomatic
interval but also a worse prognosis in terms of survival. Kukal
et al. and Chen et al. have already described an inverse corre-
lation between diagnostic delay and patient survival. Our
study failed to prove the correlation because of the small num-
bers of our population subgroups. Our results are in accor-
dance with previous studies [24, 25, 31–33] showing no neg-
ative impact of longer diagnostic delay on survival. Halperin
et al. demonstrated that a shorter diagnostic delay was associ-
ated with the diagnosis of more advanced medulloblastoma,

which represents a poor prognostic sign [34]. Moreover,
Arnautovic et al. found a significant correlation between
greater diagnostic delay and successive risk of disease pro-
gression in children with low grade glioma [33]. Anyway, this
study denied any significant association between diagnostic
delay and reduced survival or any other negative outcome
(amongwhich failure to achieve a gross total resection or need
of shunt use). The prognostic value of an incomplete tumor
resection is well known [35, 36] but this two last studies con-
tradict the common assumption that an earlier diagnosis, pre-
sumably allowing the detection of smaller tumors easier to
resect completely, implies a better chance of survival. Ji
Hoon et al. described instead a significantly reduced survival
in patients with delayed diagnosis of germinoma [37] and
Sethi et al. found that patients with intracranial germ cell tu-
mors and delayed diagnosis were more likely to have dissem-
inated disease and receive craniospinal irradiation rather than
whole-ventricle or involved-field irradiation radiotherapy, but
this did not result in a reduced progression-free survival [32].
Although a longer diagnostic delay seems not to affect surviv-
al, it could represent a risk factor for an impaired quality of
later life, related to consequences of prolonged hydrocephalus
or long-term sequelae of a more aggressive treatment (exten-
sive surgical resection, chemotherapy, and radiotherapy) in-
cluding neurocognitive deficit, endocrine dysfunction, neuro-
logical and vascular late effects, and secondary malignancy
[38].

Conclusion

1. Headache and vomiting are the commonest symptoms of
CNS tumors, being reported in more than half of the chil-
dren at diagnosis and affecting about one third of the
patients from the onset of the disease.

2. Visual symptoms and signs are common manifestations
and are associated with long diagnostic delays. Visual
system abnormalities are the commonest neurological
sign observed in isolation.

3. Behavioral change is frequently reported, above all
among younger children. In almost half of the cases, they
represent an early manifestation.

4. Neurological examination is altered in most of the chil-
dren with CNS tumors, with the exception of patients
presenting with seizures.

5. Symptom interval resulted longer for low-grade neo-
plasms, infratentorial tumor localization, and children
younger than 4 years of age.

6. Five-year overall survival probability was influenced by
tumor grade but not by diagnostic delay.

Given the heterogeneity of clinical pictures associated with
CNS tumors in children, healthcare professionals should be
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alerted not only by symptoms of raised intracranial pressure,
but also by the combination of visual symptoms or behavioral
changes along with other nonspecific clinical manifestations.
The evaluation of a child presenting with symptoms or signs
that could be related with the presence of a CNS tumors
should include the collection of an accurate clinical history
comprehensive of specific questions about behavioral changes
and visual difficulties, physical examination including plot-
ting of growth and head size, and a thorough neurological
examination and visual assessment.
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