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2 Cephalalgia

Abstract

Background: Preschool age (i.e. children under six years of age) represents a red flag for requiring neuroimaging to
exclude secondary potentially urgent intracranial conditions (PUIC) in patients with acute headache. We investigated the
clinical characteristics of preschoolers with headache to identify the features associated with a greater risk of secondary
“dangerous” headache.

Methods: We performed a multicenter exploratory retrospective study in Italy from January 2017 to December 2018.
Preschoolers with new-onset non-traumatic headache admitted to emergency department were included and were
subsequently divided into two groups: hospitalized and discharged. Among hospitalized patients, we investigated the
characteristics linked to potentially urgent intracranial conditions.

Results: We included 1455 preschoolers with acute headache. Vomiting, ocular motility disorders, ataxia, presence of
neurological symptoms and signs, torticollis and nocturnal awakening were significantly associated to hospitalization.
Among the 95 hospitalized patients, 34 (2.3%) had potentially urgent intracranial conditions and more frequently they
had neurological symptoms and signs, papilledema, ataxia, cranial nerves paralysis, nocturnal awakening and vomiting.
Nevertheless, on multivariable logistic regression analysis, we found that only ataxia and vomiting were associated with
potentially urgent intracranial conditions.

Conclusion: Our study identified clinical features that should be carefully evaluated in the emergency department in
order to obtain a prompt diagnosis and treatment of potentially urgent intracranial conditions. The prevalence of
potentially urgent intracranial conditions was low in the emergency department, which may suggest that age under
six should not be considered an important risk factor for malignant causes as previously thought.
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Introduction ones (1.3-15.3%) (16,17) and that children under six
years of age may have primary headache (16,18-21).
To our knowledge, there is only one study focusing on
acute headache in preschool children evaluated in ED
that showed a low diagnostic yield of computed tomog-
raphy (CT) if no worrying history and a normal neuro-
logical examination were present, not justifying the
risks associated with ionizing radiation exposure (10).
Therefore, it is important to identify preschool children
who should undergo brain CT in the emergency setting.
The aim of this study was to investigate clinical charac-
teristics of headache in preschool age in the emergency
setting in order to find features associated with second-
ary “dangerous” headaches that should require brain
CT (Table 1). We also evaluated the etiology of head-
ache to estimate the prevalence of LT conditions.

Headache is common in children with a variable inci-
dence according to age (3-8% at three years of age,
19.5% at five years, and 37-51.5% at seven years)
(1-3), representing one of the main neurological causes
of admission in the pediatric Emergency Departments
(ED) (4). Non-traumatic headache accounts for 0.6—
2.6% of ED visits per year (5-15), with a hospitalization
rate of 8-29% (16), showing a heterogeneous etiology,
clinical presentation, age of onset and comorbidities.
Aged under six years (i.e. preschool-age) makes diagno-
sis challenging and is generally considered a “red flag”
that requires more in-depth investigations (such as neu-
roimaging) to exclude secondary life threatening (LT)
conditions (16-21). The younger the child is, the more
difficult the diagnosis is, considering the reduced ability
to describe the characteristics of headache (i.e. intensity,

quality, location, and associated symptoms). The main Material and methods

concern is headache due to LT or disabling conditions,
such as brain tumors, meningitis, venous sinus throm-
bosis, subarachnoid hemorrhage and other diseases that
require early and appropriate diagnosis and manage-
ment. However, it is well known that the prevalence of
benign secondary causes of headache is much higher
(32.9-72.3%) compared to the “dangerous” secondary

This multicenter exploratory retrospective cohort study
was carried out in the ED of 14 Italian pediatric hospi-
tals throughout the national territory (southern, central
and northern), from 1 January 2017 to 31 December
2018. Preschool-age patients with new-onset non-
traumatic headache were included from both urban
and rural areas. The Institutional Ethical Committee
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(IEC) of the Bambino Gesu Children’s Hospital
approved the study protocol. At the time of admission,
parents or legal guardians gave their informed consent
to the use of anonymized and aggregated data for
research purposes in all clinical centers involved in this
study. No specific consent form was required for this
study given its retrospective nature. Patients were selected
from electronic databases using the keyword “headache”
in the fields “history”, “clinical examination” and
“diagnosis”. We excluded patients with chronic headache
or already known pathology considering medical history.
We obtained demographic data, clinical history, neuro-
logical examination, investigations performed and hospi-
tal admission. Comorbidities were psychiatric disorders,
sleep disorders, atopic disorders and cardio-vascular
diseases. Priority of consultation at ED was based on
a four-color triage coding scale according to Italian
Health System Guidelines (22) and was assigned by a
trained triage nurse. For the purposes of this study, the
triage codes were grouped into two classes: High/
Intermediate priority for patients classified “Red
code” (critical medical state) and “Yellow code” (seri-
ous state, risk of evolution into critical conditions);
Low/Non wurgent priority for patients classified
“Green code” (fair state, stable vital signs) or “White
code” (good state, non-urgent consultation). The etiol-
ogy of headache was based on the diagnosis made at
the end of the diagnostic work-up. LT intracranial
conditions, such as neoplastic, cerebrovascular, inflam-
matory or infectious, intracranial hypertension and
malformative central nervous system (CNS) lesions
were named potentially urgent intracranial conditions
(PUIC), pointing out that a diagnostic and treatment
delay could increase morbidity or mortality.

Statistical analysis

Clinical and demographic features were described.
A statistical analysis was performed using the software
STATA/IC 14.2 version 2017. We tested the normality
by Skewness/Kurtosis test. Data were reported as
median values with an interquartile range (IQR), and
direct comparisons were made with Mann-Whitney
rank-sum tests. Percentages were used to describe cat-
egorical outcomes, and distributions of categorical data
were compared with either a Pearson’s y> test or a
Fisher’s exact test, as appropriate. No sample size cal-
culations were done a priori.

Patients were divided in two subgroups, hospitalized
and discharged, and were compared in the bivariate
analysis, to identify symptoms and signs associated to
admission. Logistic regression analysis model was per-
formed to detect variables associated with a higher risk
of hospitalization. Clinical features with statistically
significant differences at bivariate analysis were

selected as independent variables. Sex and age were
included a priori to adjust the effect of each indepen-
dent variable for the demographic characteristics of the
cohort. Variables with extremely unbalanced distribu-
tion in the two groups (frequency 0% in one group)
were excluded. Adjusted odds ratios (OR) and 95%
confidence intervals (CI 95%) were used as measures
of effect. Hospitalized patients were further divided in
two subgroups — patients with and without PUIC- and
were compared to detect predictive variables associated
with a higher risk of PUIC. Subsequently, a logistic
regression analysis model was performed. The statisti-
cal significance was set at p <0.05.

Results

This study included 1455 patients referring to ED with
acute headache. Eight hundred forty-six were males
and the median age was 55 months (IQR 45-65).
Demographic and clinical characteristics were reported
in Table 2, with a comparison between discharged and
hospitalized patients. Three hundred twenty-five
patients (22.3%) had comorbidities and 375 (25.8%)
reported a family history of headache. The median
time from symptoms onset to ED admission was one
day (IQR: 1-2) and 681 children (46.8%) took pain
relief therapy before or during their stay in the ED.
Five hundred and sixty-two (38.6%) children had
acute headache associated with fever, 487 (33.5%) with
vomiting and 128 (8.8%) patients showed at least one
neurological symptom or sign, as papilledema, ocular
motility disorders, nystagmus, ataxia and dizziness.

Table I. Warning symptoms/signs (red flags) in children with
headache.

Alterations of consciousness

Focal neurological deficit or seizure or meningism

Abnormal ocular movements, squint, pathologic pupillary
responses, visual field defects

Ataxia, gait abnormalities, impaired coordination

Cranial nerve palsies

Papilledema

Changes in mood or personality over days or months

Severe vomiting, especially in early morning

Reduced general condition

Increased head circumference

Pain that wakes the child from sleep or occurs on waking, poor
response to conventional treatment, worsening of pain with
cough or Valsalva maneuver

Sudden onset of headache (first or worse ever) or increase in
severity or characteristics of the headache

High-risk population (patients with sickle cell anemia, malignancy,
recent head trauma, VP shunt, others)

Occipital headache

Age <6 years

Modified by 16,17,23,26,30.
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Table 2. Baseline characteristics, symptoms/signs and clinical management of children presenting headache in Emergency

Department.
Total population Discharged Hospitalized

Characteristics n= 1455 n=1360 n=95 P value
Age (months), median (IQR) 55 (45-65) 56 (45-65) 54 (44-64) 0.30
Sex, n (%)

e Male 846 (58.1) 786 (57.8) 60 (63.2) 0.30

e Female 609 (41.9) 574 (42.2) 35 (36.8)
Ethnic group, n (%)

e |talian 1,310 (90.0) 1,227 (90.2) 83 (87.4) 0.37

e Others 145 (10.0) 133 (9.8) 12 (12.6)
Priority of admission to ED, n (%) <0.001

e Immediate/intermediate care needed 149 (10.2) 110.(8.1) 39 (41.1)

e No urgent care needed 1,306 (89.8) 1,250 (91.9) 56 (58.9)
Time of onset (days), median (IQR) I (1-2) I (1-2) 3 (1-18) <0.001
Comorbidities, n (%) 325 (22.3) 302 (22.2) 23 (24.2) 0.650
History of headache, n (%) 375 (25.8) 347 (25.5) 28 (29.5) 0.394
Fever, n (%) 562 (38.6) 539 (39.6) 23 (24.2) 0.003
Papilledema, n (%) 7 (0.5) 0 7 (74) <0.001
Vomiting, n (%) 487 (33.5) 437 (32.1) 50 (52.6) <0.001
Nystagmus, n(%) 8 (0.55) 3(0.2) 5(5.3) <0.001
Ataxia, n (%) 15 (1.0) 4 (0.3) 1 (11.6) <0.001
Disturbance of ocular motility, n (%) 15 (1.0) 7 (0.5) 8 (8.4) <0.001
Torticollis, n (%) 20 (1.4) 16 (1.2) 4 (4.2) 0.037
Disturbance of consciousness, n (%) 104 (7.2) 76 (5.6) 28 (29.5) <0.001
Paralysis of cranial nerves, n (%) 5(0.3) 0 5(5.3) <0.001
Dizziness, n (%) 42 (2.9) 31 (2.3) 1 (11.6) <0.001
Nocturnal awakening, n (%) 183 (12.6) 154 (11.3) 29 (30.5) <0.001
Occipital localization (headache), n (%) 123 (8.5) | I2 (8.2) Il (11.6) 0.257
Asthenia n (%) 109 (7.5) 2 (6.8) 17 (17.9) <0.001
Presence of neurological symptoms or/and signs, n (%) 128 (8.8) 85 (6.3) 43 (45.3) <0.001
Positive effect of taking medications, n (%) 544 (79.9) 514 (80.3) 30 (73.2) 0.269
Request for blood test, n (%) 295 (20.3) 245 (18.0) 50 (52.6) <0.001
Neuroradiological investigations, n (%)

e Not required 1,268 (87.2) 1,214 (89.3) 54 (56.9) <0.001

e CT scan 169 (11.6) 138 (10.2) 31 (32.6)

e MR imaging 16 (1.1) 8 (0.6) 8 (8.4)

e Both 2 (0.1) 0 2 (2.1)
Urgent specialist consultation, n (%) 323 (22.2) 267 (19.6) 56 (59.0) <0.001
Ophthalmologist consultation, n (%) 193 (13.3) |70 (12.5) 23 (24.2) 0.004
Neurosurgical consultation, n (%) 29 (2.0) 4 (1.0 15 (15.8) <0.001
Neurological consultation, n (%) 196 (13.5) I54 (11.3) 42 (44.2) <0.001

Bolded values were referred to statistically significant values.

One hundred and twenty-three (8.50%) children
reported pain in the occipital region and many patients
presented multiple associated symptoms. A high/inter-
mediate priority code was given to 149 patients (10.2%)
and low/non-urgent to 1360 (89.8%). Specialist consul-
tations were requested for 323 children (22.2%),
mainly neurological (196) and ophthalmological (193).
Neuroimaging studies were performed in 187 patients
(13.3%): 169 (11.6%) CT scan, 16 (1.1%) brain magnet-
ic resonance imaging (MRI) and 2 (0.1%) both CT and
MRI (Table 2).

Ninety-five patients (6.5%) were hospitalized and
clinical characteristics were compared to those

discharged. Sex, age, medication intake and comorbid-
ities did not differ between the two groups, while the
median time of symptoms onset was significantly
higher in the hospitalized subgroup (p<0.001) and
fever was more often present in discharged patients
(p=0.003) (Table 2). No children with papilledema or
cranial nerve palsy were discharged and hospitalized
subgroup more frequently had vomiting, asthenia, noc-
turnal awakening (p < 0.001), torticollis (p =0.037) and
neurological symptoms and signs (Table 2). In partic-
ular, ataxia, dizziness, disturbances of consciousness,
ocular motility disorders (i.e. strabismus, mydriasis,
ptosis) and nystagmus showed an increased frequency
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in hospitalized patients (p <0.001). Subsequently, a
logistic regression analysis was performed and we
found that ocular motility disorders (OR:5.76; 95%
CL:1.36-24.36; p=0.02), ataxia (OR:5.46; 95%
CI:1.37-21.83; p=0.02), presence of neurological symp-
toms and signs (OR: 5.22; 95%CI:1.76-15.44;
p=0.003), torticollis (OR: 5.98; 95%CI: 1.69-21.19;
p=0.006), nocturnal awakening (OR:2.37; 95%CI:
1.33-4.24; p=0.003) and vomiting (OR:1.80; 95%CI:
1.08-3.01; p=0.02), were independent variable associat-
ed to hospitalization (Table 3). Conversely, sex, age,
fever, asthenia, dizziness and disturbance of conscious-
ness were not linked to hospitalization (Table 3). The
etiology of headache is reported in Table 4.

Among the hospitalized patients where PUIC were
assessed, 34 (2.3%) had PUIC, such as brain tumors,
cerebral vascular diseases, intracranial hypertension,
CNS inflammatory disorders and malformation.
The associated symptoms are reported in online
Supplementary Tables S1-S6. Therefore, the 95 hospi-
talized children were divided into two groups — patients
with PUIC and without PUIC — and were compared in
order to identify features associated to potentially
life-threatening disease. The presence of neurological
symptoms and signs, papilledema, ataxia, cranial
nerves paralysis, nocturnal awakening and vomiting
were significantly associated with PUIC (Table 5).
Nevertheless, on multivariable logistic regression anal-
ysis, we found that only ataxia and vomiting were asso-
ciated with PUIC (OR: 19.03; 95% CI: 1.97-183.4;
p=0.01 and OR: 3.41; 95%CI: 1.02-11.36; p=0.05,
respectively) while the comorbidities were inverse

associated with PUIC (OR: 0.19; 95% CI: 0.04-0.87,
p=0.01) (Table 6). Importantly, we have highlighted
that all children with brain tumor had acute headache
and at least one neurological sign or symptom and/or
vomiting (online Supplementary Table S2). As regards

Table 4. The distribution of the final diagnosis in children
presenting headache in Emergency Department.

Final diagnosis n= 1455 %
| Undefined headache 414 285
2 Flu-like syndrome 776 53.3
3 Sinusitis 3 0.2
4 Mastoiditis 3 0.2
5 Acute infectious or post-infectious 105 72
disease
7 Primary headache 99 6.8
8 Migraine variant (migraine equivalent) 12 0.8
9 Cerebral neoplasm (I medulloblas- 15 1.0
toma, 10 astrocytoma, 3 glioma, |
craniopharyngioma)
10 Vascular disease (2 venous sinus 3 0.2
thrombosis, | cerebral hemorrhage)
I'l Inflammatory disorders (3 bacterial 9 0.6

meningoencephalitis, 5 viral
meningoencephalitis, | ADEM)
12 Intracranial hypertension 5 0.3
(3 idiopathic intracranial hyperten-
sion, 2 obstructive hydrocephalus)

I3 Hypertension 4 0.3
14 Seizure 5 0.3
I5 Cerebral malformation (2 Arnold 2 0.1

Chiari malformation)

Table 3. Multivariable logistic regression model exploring the factors associated with hospitalization in children presenting headache

in Emergency Department.

Variable OR Std. Err. z P value 95% ClI

Age (months) 0.99 0.01 —0.88 0.38 0.97 1.01
Sex (male vs female) 0.89 0.23 —0.44 0.657 0.54 1.47
Priority of admission to ED

Immediate/intermediate care 442 1.23 5.36 <0.001 2.57 7.61

needed vs no urgent care needed

Time of onset (days) 1.01 0.00 2.06 0.04 1.00 1.0l
Fever 0.70 0.20 —1.24 0.216 0.40 1.23
Vomiting 1.80 0.47 2.25 0.02 1.08 3.0l
Nystagmus 5.24 5.60 1.55 0.121 0.65 42.53
Ataxia 5.46 3.86 24 0.02 1.37 21.83
Disturbance of ocular motility 5.76 4.24 2.38 0.02 1.36 24.36
Torticollis 5.98 3.86 2.77 0.006 1.69 21.19
Disturbance of consciousness 0.83 0.46 —0.34 0.737 0.28 244
Dizziness 1.53 0.86 0.76 0.45 0.51 4.60
Nocturnal awakening 2.37 0.70 292 0.003 1.33 424
Asthenia 1.39 0.54 0.85 0.395 0.65 2.96
Presence of neurological symptoms or/and signs 522 2.89 2.98 0.003 1.76 15.44
Constant 0.04 0.03 —4.88 <0.001 0.0l 0.14

Bolded values were referred to statistically significant values.
OR: Odds Ratio; Std. Err.: standard errors.



Cephalalgia

Table 5. Baseline and clinical characteristics in 95 hospitalized children presenting headache with potentially urgent intracranial
conditions in comparison with not-potentially urgent intracranial conditions.

Not-potentially
urgent intracranial

Potentially urgent
intracranial

Characteristics of hospitalized patients Total =95 conditions n =61 conditions n =34 P value
Age (months), median (IQR) 54 (40-64) 55 (46—64) 0.57
Sex, n (%) 0.12

e Male 35 (57.4) 25 (73.5)

e Female 26 (42.6) 9 (26.5)
Ethnic group, n (%)

e |talian 52 (85.3) 31 (91.2) 0.40

e Others 9 (15.8) 3 (8.8)
Time of onset (days), median (IQR) 2 (1-12) 4.5 (2-20) 0.15
Comorbidities, n (%) 19 31.2) 4 (11.8) 0.028
History of headache, n (%) 19 (31.2) 9 (26.5) 0.32
Fever, n (%) 15 (24.6) 8 (23.6) 0.90
Papilledema, n (%) 2 (3.3) 5 (14.7) 0.05
Vomiting, n (%) 25 (41.0) 25 (73.6) 0.002
Nystagmus, n (%) 2 (3.3) 3(8.8) 0.24
Ataxia, n (%) I (1.6) 10 (29.4) <0.001
Disturbance of ocular motility, n (%) 4 (6.6) 4 (11.8) 0.38
Torticollis, n (%) 4 (6.6) 0 0.13
Disturbance of consciousness, n (%) 16 (26.2) 12 (35.3) 0.35
Paralysis of cranial nerves, n (%) I (1.6) 4(11.8) 0.05
Dizziness, n (%) 5(8.2) 6 (17.7) 0.15
Nocturnal awakening, n (%) 14 (23.0) 15 (44.1) 0.032
Occipital localization (headache), n (%) 7 (11.5) 4 (11.8) 0.97
Asthenia, n (%) 10 (16.4) 7 (20.5) 0.60
Presence of neurological symptoms or/and signs, n (%) 21 (344) 22 (64.7) 0.004

Bolded values were referred to statistically significant values.

Table 6. Multivariable logistic regression model exploring the factors associated with potentially urgent, underlying conditions

related to headache.

Variable OR Std. Err. z P value 95% ClI

Age (months) 1.02 0.02 0.88 0.37 0.98 1.06
Sex (male vs female) 0.39 0.24 —1.52 0.13 0.12 1.30
Comorbidities 0.19 0.15 -2.13 0.03 0.04 0.87
Papilledema 6.68 73 1.73 0.08 0.78 57.21
Vomiting 3.4l 2.09 2.01 0.05 1.02 11.36
Ataxia 19.03 22.00 2.55 0.01 1.97 183.4
Paralysis of cranial nerves 5.80 9.5 1.07 0.28 0.23 144.30
Nocturnal awakening 2.00 .16 1.18 0.23 0.63 6.26
Presence of neurological symptoms or/and signs 0.87 0.53 —0.21 0.80 0.26 291
Constant 0.24 0.36 —0.96 0.33 0.01 4.28

Bolded values were referred to statistically significant values.
OR: Odds Ratio; Std. Err.: standard errors.

headache etiology in ED, a comparison between our
cohort and previous studies was performed and is
reported in Table 7. In these studies, children aged
0-18 years were included and the frequency of second-
ary LT diseases was variable, from 1.3 to 15.3% (5-15).
In most of our patients, the headache was due to a
benign cause, while only 2.3% was related to LT dis-
eases (1.0% brain tumors, 0.2% cerebral vascular dis-
ease, 0.6% CNS inflammatory disorders, 0.3%

intracranial hypertension, and cerebral malformations
in 0.1%) (Table 4). Patients with undefined headache
were reevaluated and PUIC were excluded. Regarding
the final diagnosis of cerebral vascular disease (online
Supplementary Table S3), the associated symptoms
were vomiting, dizziness, and drowsiness or nocturnal
awakening; so, among these children, none presented
headache as the only symptom. In the nine children with
inflammatory disorders, associated symptoms were
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Cephalalgia

Most patients with intracranial hypertension had papil-
ledema (online Supplementary Table S5). Accordingly,
associated symptoms and signs should be carefully eval-
uated in order to obtain a prompt diagnosis and treat-
ment of PUIC.

In our study, although all patients with PUIC were
hospitalized, we can state that if a child with absence of
comorbidities but with ataxia and vomiting presents to
the emergency department there is a high chance of
having a PUIC and the patient must be hospitalized
quickly.

As regards headache etiology, 97.7% of the
patients received a diagnosis of primary or benign sec-
ondary (i.e. related to airway or other extracerebral
infections), while 34 children (2.3%) had PUIC (1.0%
brain tumor, 0.2% vascular pathologies, 0.6% inflam-
matory disorders of CNS, 0.3% intracranial hyperten-
sion and cerebral malformations in 0.1%) (Table 4).
Therefore, we confirmed that benign conditions are
the most frequent causes of headache evaluated in
the ED. The prevalence of PUIC was low, which
may suggest that an age of under six should not be
considered an important risk factor for malignant
causes as previously thought. In addition, the occipital
localization was not linked to PUIC, and this is also
supported by a study that reported no different head-
ache etiology when there was an occipital localization
(30). To our knowledge, this is the largest preschool
population evaluated in the ED for headache. We
confirmed that benign secondary disorders represent
the first cause of headache access in the ED in pre-
school age, while PUIC are rare. The lower LT dis-
eases reported compared to Lateef et al. (10)

(2.3% versus 7.2%), could be explained by different
inclusion criteria, as we excluded post-traumatic head-
ache and patients with known intracranial patholo-
gies. In our study, the use of neuroimaging (12.9%)
was less frequent than reported in literature (20.6%)
(10), and this could be related to the continuous
improvement of the knowledge of headache in
children.

Our study has some limitations. Given the retrospec-
tive nature of the study we cannot exclude that there is
a group of patients who were not included in the elec-
tronic medical records because they had relevant
missing data on clinical history and neurological exam-
ination. We assume that this group is very small con-
sidering the basic level of clinical information included
in this study. Bonferroni correction to the alpha value
considered statistically significant has not been applied
to safeguard the exploratory significance of our study.
We restricted the study to Italian hospitals so our
results are not generalizable.

In conclusion, our study identified clinical features
that should be carefully evaluated in the emergency
department in order to obtain a prompt diagnosis
and treatment of PUIC. If they are present, they
could represent an indication to perform brain CT,
considering the limitation in the detection of posterior
fossa alteration, and the patient must be hospitalized.
Our study may suggest that age under six should not be
considered an important risk factor as previously
thought, but this needs to be confirmed in future stud-
ies (that compare the prevalence of dangerous etiolo-
gies in patients under six years of age versus over six
years old).

Clinical implications

headache.

e The prevalence of PUIC was low, which may suggest that an age of under six should not be considered an
important risk factor for malignant causes as previously thought.
e Most children with life threatening pathology had at least one neurological symptom/sign besides

e Ifa child with absence of comorbidities but with ataxia and vomiting presents to the emergency department
there is a high chance of having a PUIC and they must be hospitalized quickly.
e The occipital localization of headache did not show any significant correlation with PUIC.
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