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Abstract
Purpose  The aim was to evaluate the total diagnostic interval (TDI) and presenting complaints in children with brain tumours 
in Serbia.
Methods  This study retrospectively analysed 212 children aged 0–18 years newly diagnosed with brain tumours in two 
tertiary centres from mid-March 2015 to mid-March 2020 covering virtually all children with brain tumours in Serbia. TDI 
was calculated as the difference between the date of diagnosis and the date of symptom onset presented as a median in weeks. 
This variable has been evaluable for 184 patients.
Results  Overall TDI was 6 weeks. TDI was significantly longer in patients with low-grade tumours (11 weeks) than in 
patients with high-grade tumours (4 weeks). Children with the most frequent complaints (headache, nausea/vomiting and 
gait disturbance) were more likely to be diagnosed sooner. Patients with a single complaint had significantly longer TDI 
(12.5 weeks) contrasted to patients with multiple complaints (5 weeks).
Conclusion  TDI with a median of 6 weeks is similar to other developed countries. Our study supports the view that low-grade 
tumours will present later than high-grade tumours. Children with the commonest complaints and children with multiple 
complaints were more likely to be diagnosed sooner.
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Introduction

Brain tumours are considered the second most common 
malignancy of childhood [1]. It is generally believed that 
timely diagnosis might improve the outcome of malignant 
disease. As the significance of diagnostic delay for survi-
vorship from paediatric cancers is unclear, the term total 
diagnostic interval (TDI) is now preferred [2, 3]. However, 
in children with brain tumours, longer TDI might confer 

a greater risk for the development of neurological seque-
lae [4–7]. Multiple factors have been identified to impact 
TDI, the most prominent being age at diagnosis, parent 
level of education, type of cancer and presenting symptoms 
[8]. Therefore, TDI in children with brain tumours varies 
widely. Additionally, presenting complaints are usually poly-
morphous and nonspecific [9]. TDI also reflects, to a certain 
extent, the efficacy of the health care service in terms of the 
referral of potential patients to tertiary care [10].

TDI in children with brain tumours has been studied 
around the world, mostly through single-institution inves-
tigations in high-income countries [11–18]. So far, it has 
never been thoroughly explored in any of the Balkan coun-
tries which share a similar socio-economic milieu [19]. 
Children with brain tumours in Serbia treated at National 
Cancer Research Centre were studied predominantly regard-
ing management and its outcome so far, never to describe the 
diagnostic path of these patients [20–22].

Therefore, this study aimed to evaluate TDI and present-
ing complaints in children with brain tumours in Serbia 
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for the first time to potentially identify factors eligible for 
improvement.

Methods

This study retrospectively analysed all children aged 
0–18 years in two tertiary centres in Serbia, namely Neuro-
surgery Clinic, University Clinical Centre of Serbia (Klinika 
za neurohirurgiju Univerzitetskog kliničkog centra Srbije) 
and National Cancer Research Centre (Institut za onkologiju 
i radiologiju Srbije) newly diagnosed with brain tumours 
from mid-March 2015 to mid-March 2020 (until the begin-
ning of the COVID-19 pandemic) covering virtually all chil-
dren with brain tumours in Serbia.

After reviewing patient registers in both institutions, 212 
patients were eligible for analysis.

Collected data included age at diagnosis, sex, place of 
living, parent level of education, tumour type, tumour grade, 
tumour location, presenting symptoms, date of symptom 
onset and date of diagnosis.

Place of living was used to evaluate differences between 
country regions and urban and rural areas.

TDI representing the study outcome measure was calcu-
lated as the difference between the date of diagnosis (date of 
surgery for children who underwent it or date of first MRI 
indicating tumour presence in inoperable patients with dif-
fuse intrinsic pontine gliomas and optic pathway gliomas) 
and the date of symptom onset presented in weeks. This 
variable has been evaluable for 184 patients.

Patients were subclassified into three groups according to 
their age at diagnosis.

Following descriptive statistics, analysis of TDI accord-
ing to age, tumour type, tumour grade, tumour location, 
country region, urbanity, parental education and indi-
vidual symptoms was performed using the double-sided 
Mann–Whitney U test and Kruskal–Wallis test. Additionally, 
the distribution of individual symptoms between different 
age groups and tumour locations was examined using the 
chi-square quadrant test or Fisher’s exact test as appropriate. 
A P-value of < 0.05 was considered statistically significant. 
Numbers missing for each analysis were reported. Described 
was conducted using the software package EZR (Saitama 
Medical Centre, Jichi Medical University, Japan) [23].

Numeric results are presented as median with interquar-
tile range.

The study was conducted according to both institutional 
ethical policies. Written informed consent was obtained 
from parents/guardians of National Cancer Research Centre 
participants before the beginning of medical treatment where 
they agreed to the free use of data for research purposes as 
long as their identities were not made publicly available. The 
expert collegiate of Neurosurgery Clinic, University Clinical 

Centre of Serbia approved the collection of aforementioned 
data from medical records and publication has been granted 
by the Ethics Committee of the University Clinical Centre 
of Serbia (Ref. No. 17/22).

Results

This study included 212 children diagnosed with brain 
tumours from mid-March 2015 to mid-March 2020 includ-
ing 7 patients with neurofibromatosis type 1 and 1 patient 
with neurofibromatosis type 2. The number of patients for 
each consecutive year was 45, 39, 36, 34, 51 and 7. Patient 
characteristics are reported in Table 1.

TDI was evaluated in 184/212 patients (69/95 patients 
from Neurosurgery Clinic, University Clinical Centre of Ser-
bia and 115/117 from National Cancer Research Centre). 
Overall TDI was 6 (3, 14.25) weeks. TDI in a subgroup of 
patients with neurofibromatosis (evaluated in 6/8 patients) 
was 22 (14, 45.75) weeks being significantly longer than in 
178/204 patients without neurocutaneous syndromes (6 (3, 
14) weeks).

TDI was estimated for different age groups being 5 (4, 
13) weeks in those aged 0–5 years, 6 (4, 12.75) weeks in 
children aged 6–11 years and 7 (3, 26) weeks in the group 
aged 12–18 years (Fig. 1a). Even though PSI did not statisti-
cally differ between age groups, age showed a weak posi-
tive correlation with PSI (Spearman’s correlation r = 0.158, 
P = 0.0319).

TDI was evaluated for different tumour locations and 
it was the longest for supratentorial tumours (8 (4, 19.5) 
weeks), followed by spinal cord tumours, midline tumours, 
infratentorial tumours and brainstem tumours being 7 (3, 
10.5), 7 (4, 24), 5 (3, 10) and 5 (2, 12) weeks, respectively 
(Fig. 1b).

TDI according to tumour type is presented in Fig. 1c.
In patients with low-grade tumours (11 (4, 37) weeks), 

TDI was significantly longer than in patients with high-
grade tumours (4 (3, 8) weeks). In patients who were not 
graded, TDI was 5 (2, 12) weeks (Fig. 1d).

TDI was evaluated in 176 patients according to their place 
of living. TDI was the same in urban (6 (4, 16) weeks) and 
rural populations (6 (3, 13.5)) weeks). TDI did not statisti-
cally differ either for different country regions being 5 (3, 
14) weeks for the capital Belgrade, 5 (4, 8) weeks for the 
Autonomous Province of Vojvodina and 7 (4, 16.5) weeks 
for Central Serbia.

TDI did not statistically differ between different maximal 
parent education levels (estimated in 99 patients), but it was 
shorter the more educated parents were. In children whose 
parents graduated from elementary school, the median TDI 
was 8 (4, 13.25) weeks, and from secondary school 5 (4, 
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10) weeks, and in those with higher education, it was 4 (3, 
8) weeks.

The most frequent complaints in 186 evaluated patients 
were nausea/vomiting, headache, gait disturbance, visual 
disturbance, motor deficit, seizure, altered mental status 
and endocrine disorders. Other complaints included back 

pain, speech disturbance, loss of sphincter control, vertigo, 
macrocrania, bulging fontanelle, torticollis and loss of mile-
stones. TDI in patients with particular complaints and the 
absolute frequency distribution of particular complaints are 
presented in Table 2.

Patients with a single complaint (51/186) had signifi-
cantly longer TDI (12.5 (4, 44.25) weeks) contrasted to 
patients with multiple complaints (5 (3, 11.75) weeks) 
(P = 0.005). The most frequent single complaints were visual 
disturbance (16/51), seizures (10/51) and headache (7/51). In 
66/186 patients, headache and nausea/vomiting were simul-
taneously present representing the most common combina-
tion of complaints.

The distribution of complaints amongst different age 
groups is shown in Fig. 2. Statistical significance was noted 
for headaches being commonest in the oldest children, gait 
disturbance mostly noted in the youngest group and seizures 
being least frequently observed in the middle age group.

The distribution of complaints between different tumour 
locations is presented in Fig. 3. The distribution is signifi-
cantly different for all symptoms but for altered mental sta-
tus and endocrine disorders. Nausea/vomiting, headache 
and gait disturbance were most common in infratentorial 
tumours. The visual disturbance was most frequent in mid-
line tumours. Seizures were the commonest in supratento-
rial tumours. Endocrine disorders were exclusive to midline 
tumours.

Discussion

The estimated annual age-standardised incidence of brain 
tumours in European children aged 0–14 years was 29.9 per 
million person-years. In adolescents aged 15–19, it was 15.0 
per million person-years [24].

The number of patients (n = 212) in our analysis in 5 years 
correlates with general European incidence. It also supports 
previously published data considering the incidence of pae-
diatric brain tumours in Serbia as well as sex distribution 
showing slight male predominance [25, 26].

This was the first study to focus on total diagnostic 
interval and presenting complaints in children with brain 
tumours in Serbia. The main objective was to estimate time 
lost from the onset of symptoms until definitive diagnosis 
(total diagnostic interval). In 184 out of 212 patients, the 
median total diagnostic interval was 6 weeks. The interval 
from the onset of complaints until reaching the final diag-
nosis varies highly amongst countries and our results are 
comparable to the findings of other studies. In single-centre 
examples, the median total diagnostic interval in Germany 
was 13.5 weeks [11], in Austria 8.5 weeks [12], in Japan and 
the USA 6 weeks [13–15] and in Italy 4 weeks [16]. Nation-
wide studies showed a median total diagnostic interval of 

Table 1   Patient characteristics

Characteristics Absolute 
numbers

%

Sex
  Male 118 56%
  Female 94 44%

Age groups (median age 8 (4, 13))
  Age 0–5 82 39%
  Age 6–11 57 27%
  Age 12–18 73 34%

Tumour location (211/212)
  Supratentorial 52 24%
  Midline 50 24%
  Infratentorial 78 37%
  Brainstem 21 10%
  Spinal cord 10 5%

Tumour type
  Low-grade glioma (LGG) 79 37%
  High-grade glioma (HGG) 25 12%
  Atypical teratoid rhabdoid tumour (ATRT) 7 3%
  Choroid plexus tumour (CPT) 2 1%
  Craniopharyngioma 8 4%
  Diffuse intrinsic pontine gliomas (DIPG) 11 5%
  Ependymoma 17 8%
  Germ cell tumour (GCT) 6 3%
  Medulloblastoma 37 17%
  Primitive neuroectodermal tumour (PNET)—

excl. medulloblastoma
8 4%

  Other 12 6%
Tumour grade
  Low grade 107 50%
  High grade 87 41%
  Not applicable/not known (GCT and DIPG) 18 9%

Urban/rural area (176/212)
  Urban 121 69%
  Rural 55 31%

Region (176/212)
  Belgrade 52 30%
  Central Serbia 87 49%
  Vojvodina 37 21%

Maximal parent education level (99/212)
  Elementary school 20 20%
  Secondary school 43 44%
  Higher education 36 36%
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Fig. 1   The total diagnostic interval between different age groups (a), tumour locations (b), tumour types (c) and tumour grades (d) (♦mean, 
*P < 0.05)
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8.3 weeks in Sweden and 4 weeks in Qatar [17, 18]. This 
has been summarised in Table 3.

Differences in TDI might be explained by variable organi-
sation of the health care system and physicians’ awareness 
of how often brain tumours in children present with non-
specific complaints. In primary care in Serbia, all children 
have free access to their chosen paediatrician instead of a 
general practitioner which might explain shorter TDI than 
in some other high-income countries [27].

Studies investigating TDI in children with brain tumours 
in developed countries often exclude patients with tumour 
predisposition syndromes, like neurofibromatosis, since 
diagnosis is made through regular imaging without any 
presenting symptoms. Therefore, when reported, TDI in 
patients with tumour predisposition syndromes is signifi-
cantly shorter compared to patients without them [13, 28]. 
However, longer TDI in patients with neurofibromatosis 
(22 weeks) contrasted to other patients (6 weeks) in our 

Table 2   Absolute frequencies of different complaints and TDI according to complaints (*P < 0.05)

Complaint Number of children 
with complaints

Median TDI in children 
with complaints

Number of children 
without complaints

Median TDI in children 
without complaints

P-value

Nausea/vomiting 91 5 (3, 9) 95 8 (4, 26) 0.005*
Headache 90 5 (4, 10.75) 96 7.5 (3, 21.75) 0.151
Gait disturbance 50 5 (3, 9) 136 7 (4, 21.75) 0.015*
Visual disturbance 50 8 (4, 20) 136 5 (3, 14) 0.125
Motor deficit 32 4 (4, 8.25) 154 6 (3, 19.25) 0.155
Seizure 24 13 (4, 95) 162 6 (3, 14) 0.090
Altered mental status 15 4 (3, 9.5) 171 6 (4, 15.5) 0.1
Endocrine disorder 3 104 (54, 104) 183 6 (3, 14) 0.142
Other 31 8 (3.5, 22) 155 5 (3.5, 14.5) 0.41

Fig. 2   Absolute frequencies of presenting complaints in different age groups (*P < 0.05)
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study suggests that wariness of tumour risk in these patients 
is not high amongst practitioners requiring further education 
towards raising awareness of the topic. Furthermore, this 
implies that better identification and surveillance of tumour 
predisposition syndromes is needed.

TDI between different age groups showed a grad-
ual increase across ages being 5 weeks in the youngest 
(0–5 years), 6 weeks in the medium (6–11 years) and 7 weeks 
in the oldest group (12–18 years). A shorter TDI in younger 
children was reported in previous research [10, 12, 29].

Tumour location seemed not to impact TDI having a 
median from 5 to 8 weeks in different locations. No signif-
icant difference between different tumour types and TDI 
medians ranging from 3 to 11.5 weeks has been noticed. 
However, TDI in craniopharyngioma stood out with a 
median TDI of 28 weeks. This finding is supported by pre-
vious studies and might be explained by slowly developing 
symptoms, predominantly visual disturbance [10, 14].

Significantly longer TDI was observed in low-grade 
tumours compared to high-grade tumours (11- vs 4-week 

Fig. 3   Distribution of complaints between different tumour locations. Below every tumour location in the colour legend on the right side are 
relative distributions of the three most common complaints for the particular location (*P < 0.05, **P < 0.001)

Table 3   Summary of recently published results on TDI in children with brain tumours compared to findings of this study

Author Country Year published Cohort size with 
evaluable TDI

Observed period Median TDI Mean TDI

Molineus et al. Germany 2013 72 11 years 13.5 weeks 28 weeks
Fukuoka et al. Japan 2014 127 18 years 6 weeks 22 weeks
Azizi et al. Austria 2017 212 5 years 8.5 weeks /
Stocco et al. Italy 2017 74 12 years 4 weeks /
Coven et al. USA 2018 146 11.5 years 6 weeks 19.5 weeks
Patel et al. USA 2019 235 10 years 6 weeks /
Maaz et al. Qatar 2021 51 12.5 years 4 weeks /
Rask et al. Sweden 2022 257 4 years 8.3 weeks 26.5 weeks
Jovanovic et al. Serbia 2023 184 5 years 6 weeks 21.5 weeks
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median). This finding, reflecting tumour biology, has been 
observed previously [10, 17, 18, 28]. TDI in patients who 
were not graded was 5 weeks. It might be explained by 
the fact that this group in our study mostly encompasses 
diffuse intrinsic pontine gliomas exhibiting high-grade 
behaviour.

Similar median TDI between different country regions 
and urban and rural areas might be explained by universal 
access to primary health care and is not uncommon in other 
countries as well [30]. Observed TDI seemed to be shorter 
in children with more educated parents despite the lack of 
statistical significance (4 weeks in most educated parents, 
8 weeks in the least educated ones) supporting the previous 
reports [31].

Systemic review analysing presenting complaints showed 
that the most frequent of them were headache, nausea/vomit-
ing and gait disturbance [9]. The distribution of symptoms 
in our study supports that finding. Children with these 
complaints had a shorter total diagnostic interval (5-week 
median) compared to children without them (median rang-
ing from 7 to 8 weeks) supporting the previous studies [17]. 
Additionally, a survival study of paediatric patients with 
brain tumours in Serbia conducted between 2007 and 2016 
reported symptoms of increased intracranial pressure as the 
most common complaint [22].

On the other hand, the most frequent single complaints 
were visual disturbance and seizures which were more likely 
to display longer total diagnostic intervals (8 and 13 weeks 
respectively) attributable to treatment of other more com-
mon causes of these complaints in the paediatric population. 
Such a phenomenon has been already described [18]; how-
ever, there is data supporting the opposite view considering 
seizures [12]. Additionally, the oldest group of children were 
more likely to have a headache as a complaint compared to 
younger groups. In the youngest patients, on the other hand, 
gait disturbance has been observed twice as frequently as in 
the other two groups. These findings were also recorded in 
previous studies [9, 29] and might be additionally explained 
by the predilection of tumours in certain locations for dif-
ferent age groups.

Presenting complaints significantly varied between loca-
tions reflecting their biology. Nausea/vomiting, headache 
and gait disturbance were most common in infratentorial 
tumours. The visual disturbance was most frequent in mid-
line tumours. Seizures were the commonest in supratentorial 
tumours. Endocrine disorders in our study were exclusively 
observed in midline tumours. Other research supports these 
findings [9, 28, 32].

TDI depends on patient/parent interval and healthcare 
system interval [3]. The major limitation of this study was 
the inability to differentiate between parental and system 
intervals/delays due to insufficient data in our retrospective 
study and it is a potential area to be addressed in the future. 

However, it has been shown that people of Serbian ancestry 
who emigrated to Austria displayed 6 weeks of TDI, the 
same as in our study, suggesting potentially similar patient 
and system intervals [12].

To decrease bias, all paediatric patients treated for central 
nervous system tumours were initially included; however, 
TDI was evaluable in 184 out of 212 patients due to some 
missing data. This study better represents children with more 
aggressive tumours since 98% of patients from the National 
Cancer Research Centre were with evaluable TDI, where a 
total of 5 physicians (paediatricians and radiation oncolo-
gists) create medical records, contrasted to 73% of patients 
from Neurosurgery Clinic, University Clinical Centre of Ser-
bia, where 11 surgeons are in charge of the medical docu-
mentation. It might be explained by the interpersonal differ-
ences between doctors who create medical documentation 
for not adequately describing the diagnostic path with bigger 
heterogeneity at the Neurosurgery Clinic, University Clinical 
Centre of Serbia, due to a greater number of employees and 
their different medical specialties. Although the limitation 
of this study is the retrospective design, the mentioned might 
be overcome by a future prospective study. However, we 
present for the first time the national experience by includ-
ing results from both tertiary centres treating children with 
central nervous system tumours.

According to Serbian medical chamber data, around 1200 
paediatricians work in primary care meaning that every 30th 
will encounter a child with a brain tumour each year, leaving 
some without the opportunity to encounter such a patient 
during their whole working career [33]. A most recent Swed-
ish study provided evidence that patient interval does not 
vary amongst different tumour types/locations, suggesting 
that most interventions should be directed towards medi-
cal professionals [17]. Special campaigns and guidelines 
for physicians are created worldwide to raise awareness of 
paediatric tumours [10, 34]. The World Health Organization 
declared low-grade gliomas as one of the goal tumours to 
be diagnosed and treated early in the Global Initiative for 
Childhood Cancer [35]. Additionally, in the 2020 Lancet 
Commission considering cost-effective interventions for 
improving care for children with cancer, it has been sug-
gested that most low- and middle-income countries should 
establish comprehensive national paediatric cancer registers 
by 2030 [36]. Our data might contribute to designing such 
guidelines for Serbia and encourage better surveillance of 
paediatric brain tumours.

This is the first study investigating presenting complaints 
and the total diagnostic interval in paediatric patients with 
brain tumours in Serbia. The total diagnostic interval with 
a median of 6 weeks is similar to other developed coun-
tries. Our study supports the view that low-grade tumours 
will present later than high-grade tumours. Children with 
the commonest complaints (headache, nausea/vomiting and 



3176	 Child's Nervous System (2023) 39:3169–3177

1 3

gait disturbance) were more likely to be diagnosed sooner, 
as well as children with multiple complaints. Based on our 
study, the development of guidelines for referral intended 
for paediatricians in Serbia in primary health care might 
shorten the total diagnostic interval amongst children with 
brain tumours.
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