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Summary

BACKGROUND AND STUDY PURPOSE: High resolu-
tion imaging modalities and electroencephalographic stud-
ies (EEG) are used in the assessment of children with head-
aches. We evaluated the role of cerebral MRI (cMRI) and
EEG in the initial assessment of children with headache as
the chief complaint of initial presentation.
METHODS: A retrospective chart analysis was performed
at a tertiary University Hospital.
RESULTS: 209 patients were included in this study [mean
age 11.3 years; male 91 (43.5%); female 118 (56.5%)].
The following types of headaches were seen: Unclassified
headache: 23.4%; probable migraine 17.2%, migraine
without aura 13.4%, complicated migraine 12.4%, mi-
graine with aura 1.0%; tension-type 15.3%, and cluster
headaches 0.5%, and secondary headaches 16.7%. In 93
children (44.5%) abnormal physical/neurological findings
were noted (multiple entries possible). On cMRI studies the
following findings were seen: Infection of sinuses (7.2%),
pineal cysts (2.4%), arachnoidial cyst and Chiari malform-
ation (1.9%), unspecified signal enhancement (1.0%), and
pituitary enlargement, inflammatory lesion, angioma,
cerebral ischaemia, and intra-cerebral cyst (each 0.5%).
Electroencephalographic findings included both focal and
generalised abnormal slowing (5.3%) and Spike-wave
complexes (3.3%).
CONCLUSIONS: Despite abnormal findings on neurolo-
gical/physical examination in a substantial number of chil-
dren with headaches, the yield of pathological cMRIs was
low. The use of EEG recordings was not contributory to
the diagnostic and therapeutic approach. More research is
needed to better define those patients who are likely to have
an intracranial pathology.
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Introduction

Headache is a common problem in children and adoles-
cents affecting some 59% of boys and 84% of girls within
the age group of 13–19 years [1]. While there is consid-
erable parental concern that headache in their children is
caused by an intra-cerebral space-occupying process, in
reality, this is only rarely the case.
Previous reports have stressed the importance of a carefully
taken history, and a thorough physical examination rather
than any testing in the initial assessment of children with
headaches [2]. Nevertheless, imaging studies (cMRI and
cCT) as well as neurophysiological studies (electroenceph-
alogram = EEG) are commonly requested diagnostic tests
when children and adolescents present with headaches [3,
4].
The aim of this study was to generate up-to-date data on the
role of cMRI and EEG studies in the initial evaluation of
children and adolescents with headaches. We also correlated
risk factors as described by the Subcommittee of the Amer-
ican Academy of Neurology and the Pediatric Committee of
Child Neurology Society with abnormal findings (space-oc-
cupying lesions) with findings of cMRI studies [5].

Patients and methods

This retrospective study was done in accordance with the
policy of the Institutional Review Board and Ethics Com-
mittee of the University Hospital of Saarland, Homburg,
Germany. Relevant data were retrieved from an electronic
hospital database (SAP, Germany). In case of missing data,
patients’ hospital charts were hand-searched individually.
We included all children who presented to our neuropae-
diatric outpatient clinics with “headache” as the main
presenting symptom between January 2006 and December
2009. A detailed history was taken and a complete neuro-
logical examination was performed.
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We entered all relevant information into an electronic data-
base (SPSS 18.0, Chicago, IL, USA). Statistical analysis
was performed using SPSS 18.0. For data interpretation
we used frequencies and cross-tables. For further statistical
analysis the Pearson Chi-Squre Test and Fischer’s exact
test was employed. A p-value of ≤0.05 was considered sig-
nificant.
Headaches were classified according to the second edition
of the International Headache Society (IHS) classification,
and its modification for the paediatric population [6].
Diagnostic work-up in children with headaches included
cerebral MRI studies and EEG recordings as per our hos-
pital protocol. Cerebral MRI studies were performed by a
1.5-T MRI system (Siemens Magnetom Sonata; Siemens;
Erlangen, Germany). Electroencephalographic studies
were performed using as a standardised protocol as de-
scribed previously [7]. Electroencephalographic recordings
were analysed by an experienced neuropaediatrician (S.M),
who was blinded to the findings of cMRI studies.

Results

During the time period 1 January 2001 to 31 December
2009 a total of 818 patients seen in our hospital with a
history of headache were entered in our hospital database.

Figure 1

Age distribution (years) of patient cohort.
Mean: 11.3 ± 3.6 years

Figure 2a

Type of headache seen in our patient cohort.

These patients were screened for possible study enrolment.
Six-hundred and nine of these patients were excluded from
study enrolment for one or several of the following reasons:
Previous history of headaches (including previous imaging
studies), head trauma, age (patients younger than three
years of age or older than seventeen years of age), a history
of neurosurgery (including obstructive hydrocephalus with
ventriculo-peritoneal shunting), other medical conditions
with acute onset (most importantly infectious diseases), in-
adequate/incorrect documentation and data entry, and lack
of parental consent to perform cMRI studies. Thus, a total
of 509 patients were excluded from the study enrolment.
Two-hundred and nine patients were included in this study
(age 3 to 17 years, mean age 11.3 years; male 91 (43.5%);
female 118 (56.5%)). The age distribution is detailed in fig-
ure 1. The following types of headaches were seen: Unclas-
sified headache 49 (23.4%); probable migraine 17.2%, mi-
graine without aura 13.4%, complicated migraine 12.4%,
migraine with aura 1.0%; tension-type 15.3%, and cluster
headaches 0.5%, and secondary headaches 16.7% (fig. 2a
and fig. 2b).
In 44.5% (93) of all children, abnormal findings on phys-
ical and neurological examination were noted: Physical
and neurologic examination findings (multiple entries pos-
sible) included the following in order of frequency: Vomit-
ing (55; 26.2%), syncope (18; 8.6%), speech impediment
(13; 6.2%), fever (9; 4.3%), papilloedema 6 (2.9%), gait
abnormalities (5; 2.4%), and facial palsy (4; 1.9%). Less
common symptoms and clinical signs on neurological ex-
amination were: hearing disorder (4; 1.9%), hemiplegic
symptoms (2, 1.0%), aphasia, hearing disorder, miosis, am-
nesia, paralysis, muscle spasms, and taste disorders (each
1; 0.5%). In an additional 32.5% (68) of all children, symp-
toms like nausea (57; 27.2%), vision disturbance (55;
26.3%), vertigo (45; 21.5%), photophobia (27; 12.9%),
phonophobia (17; 8.1%) and paraesthesias (17; 8.1%) were
reported. In 55.5% (116) of all children, no physical or
neurological signs/abnormalities were seen. All 6 children
(n = 6) with papilloedema presented with true papil-
loedema.

Figure 2b

Type of headache seen in our patient cohort depending on gender.
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The duration and history of headaches lasted: <1 day (49),
1–7 days (23), 1–4 weeks (31), or longer (56); no data for
the duration of headaches could be elicited in 50 patients.
On cMRI studies the following findings were seen: no
pathological findings 157 (75.1%), infection of sinuses 15
(7.2%), pineal cysts 5 (2.4%), arachnoidic cyst and Chiari
malformation (each 4; 1.9%), unspecified signal enhance-
ment 2 (1.0%), pituitary enlargement, cerebral ischaemia,
inflammatory lesion, angioma, and intra-cerebral cyst
(each 1; 0.5%).
Electroencephalographic (EEG) findings included: no
pathological findings 173 (82.8%), Spike-wave complexes
(7; 3.3%), both focal and generalised abnormal slowing
(increased delta waves) (11; 5.3%). In 9 EEG recordings
(4.3%) artefacts were noted, and unspecified/unspecific
findings were seen in (3; 1.4%). Abnormal findings on
EEG studies were not linked to abnormal cMRI results.
Consequences that were taken – depending both on clinical
grounds and results of imaging studies – included: con-
servative medical treatment/therapy (10; 4.8%; e.g., an-
ticoagulation for cerebral ischaemia, preventive measures
for migraine, and analgesia). In patients with intra-cerebral
cysts follow-up cMRI studies were recommended in
11 children (5.3%), antibiotic treatment in 8 (3.8%), further
diagnostic investigation 4 (1.9%) (e.g., lumbar puncture
and spinal MRI), interventional embolisation (1; 0.5%), op-
erative procedures/surgery in 1 (0.5%). In the first case,
the cMRI demonstrated a space-occupying lesion in the left
frontal lobe as well as a haemorrhage and oedema compat-
ible with an angioma. The findings of the cMRI correlated
with the symptoms of the patient and were most likely re-
sponsible for the occurrence of headache. In the second pa-
tient, on cMRI sinusitis with an epidural abscess was seen.
Pathological findings on physical/neurological examina-
tion were not significantly associated with or predictive
of abnormal findings on cMRI studies. Table 1 depicts
common findings on cMRI and physical/neurological ab-
normalities. Also, no single factor (age, length or type of
headache, gender) was significantly associated with patho-
logical cMRI results.

Discussion

In comparison with previous reports [8–10], our study
demonstrated that a substantially higher proportion of chil-
dren with a history of headaches – presenting to a
University neuropaediatric outpatient clinics - demon-
strated abnormal findings on both physical and neurologic-
al examination. Of note and contrary to previous reports
[11] in a substantial proportion of children with headaches
it was impossible to classify the type of headaches (“un-
classified”). This is likely, or at least in part attributable
to the fact that patients were enrolled in this trial at initial

presentation with a lack of subsequent serial assessment to
better qualify the type of headache.
It is generally assumed that recurrent headaches occur
commonly in children and are diagnosed on a clinical basis
rather than by any testing. According to current guidelines
obtaining a neuroimaging study on a routine basis is not in-
dicated in children with recurrent headaches and a normal
neurologic examination [5]. However, in clinical practice,
cCT scans or cMRI studies are often performed to rule out
an intracranial pathology and for parental re-assurance. In
the study by Rho and colleagues neuroimaging procedures
were performed in 77.1% of the patients. Overall, 9.3% of
these studies yielded abnormal findings with the highest
yield in patients with an abnormal neurological examina-
tion. Conversely, the rate of pathological findings was low
when imaging was carried out in view of changes in the
type of headache (12.9%), neurologic dysfunction (10.8%),
demands of parent and physicians (10.1%), and recent on-
set of severe headaches (7.0%). No significant association
was seen between abnormality on neuroimaging and age,
sex, headache type, age of onset of headache, duration of
symptoms before presentation, duration, frequency, loca-
tion and intensity of headache. Based on their findings the
authors conclude that stricter guidelines for rational use of
neuroimaging are needed for paediatric headache patients
and should be employed. According to the current practice
parameters, neuroimaging should be considered in children
with an abnormal neurologic examination or other physic-
al findings that suggest central nervous system (CNS) dis-
ease. Variables that predicted the presence of a space-oc-
cupying lesion included 1) headache of less than 1-month
duration; 2) absence of family history of migraine; 3) ab-
normal neurologic findings on examination; 4) gait abnor-
malities; and 5) occurrence of seizures [5].
Cerebral CT scanning is a useful diagnostic tool, especially
under emergency circumstances, and should be used to
identify subarachnoid haemorrhage, ventricular enlarge-
ment (e.g., shunt blockage), mass lesion, and haemorrhage
secondary to trauma [12]. If, however, the diagnosis of
CNS pathology is suspected and the situation is not urgent,
MRI at times coupled with angiography (MRA) should be
considered. It should be noted that as many as 40% of in-
dividuals imaged for headache may have non-specific ab-
normalities, including abnormalities of the sinuses, non-
specific white matter abnormalities, arachnoid cysts, pineal
cysts, venous angiomas, and Chiari malformation [13, 14].
Of note, a recent report demonstrated a higher incidence of
abnormal findings compared to previous reports when us-
ing modern sequences in children with headache; however,
there was only limited clinical gain of information using
this sequences [15]. This is in line with our results. Con-
versely, in the series of Chu and Shinnar [16] some 30% of
104 children younger than the age of 7 years who presen-
ted with headache underwent imaging. On only one in-

Table 1: Cranial MRI results and most common symptoms in five most common conditions on imaging studies.

MRI results Symptoms
Pineal cyct (5) Headache, phonophobia, vertigo, paraesthesia, syncope

Arachnoid cyct (4) Headache, vision disturbance, phonophobia, photophobia, vomiting

Chiari-malformation (4) Severe headache, vomiting, nausea, vertigo, photophobia, vision disturbance

Unspecific contrast media enhancement (2) Headache, vertigo, photophobia, phonophobia
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stance, a child with Chiari I malformation, did these studies
uncover a previously unknown finding [16]. In the series
of Maytal and coworkers, neuroimaging studies disclosed
cerebral abnormalities in 3% of paediatric headache pa-
tients [8]. All abnormalities were deemed to be unrelated
to the presenting complaint [8]. These findings are cor-
roborated by another report that demonstrated that approx-
imately 20% of paediatric headache patients with brain
imaging had benign abnormalities that did not result in a
change in headache management [17]. Imaging findings
that required a change in management were rare in patients
with an absence of abnormal neurologic symptoms and
signs, occurring only in 1.2% of patients imaged in this
study [17]. These findings have been confirmed in children
with migraine [18]. This is somewhat in contrast to the res-
ults of our study where further treatment was at least in
part dependent on the results of cMRI studies in 16.8% of
patients; however, in only 2 patients (1%) were interven-
tion or surgery deemed necessary based non cMRI studies.
The findings on cMRI in both patients with subsequent in-
tervention/surgery could be well correlated to their physic-
al/neurological complaints, and thus cannot be considered
‘incidentaloma’. Moreover and of importance, the compar-
atively high number of recommended image re-investiga-
tions in our study cohort can at least in part be attributed
to medical uncertainty. However, although pineal cysts and
arachnoid cysts in the temporal fossa are considered nor-
mal variants, they may be causative factors in the devel-
opment of headaches in children and may mandate further
follow-up studies [19]. However, serial follow-up studies
– both imaging/EEG studies as well as out-patient visits
– were not routinely performed at our hospital for various
reasons: a) in most patients one normal MRI finding was
considered sufficient to exclude any relevant intracranial
pathology, and second, after exclusion of an underlying
pathology, many patients were seen at other regional hos-
pitals or were followed-up in private practice. Thus, it was
impossible to perform representative long-term follow-up
in our cohort.
The question of how to go about finding the rare youngster
in whom headache is the first and only sign of an in-
tracerebral tumour has been addressed by several groups,
most recently by Straussberg et al., who recommend per-
forming imaging studies on youngsters younger than 4
years of age in whom headache is accompanied by vomit-
ing, even when the neurologic examination is normal [10].
Battistella and colleagues found that headache was the first
symptom in 27% of children with brain tumours and the
only presenting symptom in 10% [20]. The authors noted
that headache associated with brain tumours had a high in-
cidence of projectile vomiting, nocturnal or morning onset,
and a lack of triggering factors. Also of note was that rest
or sleep failed to relieve pain and that nausea, photophobia,
and phobophonia infrequently accompanied headaches as-
sociated with brain tumours [20].
It is further noteworthy to mention that contrary to common
belief, long pre-diagnostic symptomatic interval or long
doctor's delay does not result in decreased survival out-
come probability in children with brain tumours [21]. It ap-
pears that the effect of tumour biology on survival seems to

be dominant and overwhelms any possible opposing effect
on survival [21].
Electroencephalographc studies are not recommended in
the routine evaluation, as it is unlikely to define or determ-
ine the aetiology or distinguish migraine from other types
of headaches. Moreover, previous studies have shown that
EEG studies are of limited value in the routine evaluation
of children with headaches [14, 22]. Non-specific abnor-
malities are frequently found in normal children as well as
in children who are ill. This is in line with our findings
where we did not find specific findings in a substantial per-
centage of children on EEG recordings. Moreover, no as-
sociation between abnormal EEG studies and pathological
findings on cMRI could be demonstrated in our trial. Chil-
dren undergoing evaluation for recurrent headaches were
found to have a paroxysmal EEG, the risk for future
seizures is considered negligable; therefore, further invest-
igation for epilepsy or treatments aimed at preventing fu-
ture seizures is not indicated.
In summary, our results have shown that the rate of patho-
logical findings on cMRI studies in children with head-
aches of different aetiology is low despite the occurrence
of abnormal findings on both physical and neurological ex-
amination in a substantial number of children. In the future
it will be important to better define those patients who are
likely to have an intracranial pathology, and who will be-
nefit from early imaging studies. The additional routine use
of EEG studies in the inital diagnostic work-up of children
with first-episode headaches is non-contributory to the dia-
gnosis. Moreover, we could not confirm that the variables
as defined by the American Academy of Neurology [5] will
predict the presence of a space-occupying lesion. This is
likely or at least in part to be attributed to the number of pa-
tients and the unbalanced distribution (normal and patholo-
gical findings) included in our trial. In future trials, a sig-
nificantly higher number of children and adolescents are
required to confirm or discard the possible risk factors and
guidelines as suggested by American Academy of Neuro-
logy [5]. However, not withstanding the above mentioned
recommendations, it is also important to take into consider-
ation parental concerns and fears when deciding to perform
a MRI study to exclude an intracranial malignancy/patho-
logy.
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Figures (large format)

Figure 1

Age distribution (years) of patient cohort.
Mean: 11.3 ± 3.6 years

Figure 2a

Type of headache seen in our patient cohort.
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Figure 2b

Type of headache seen in our patient cohort depending on gender.
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