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Headache in Young Children in the Emergency
Department: Use of Computed Tomography
WHAT’S KNOWN ON THIS SUBJECT: Neuroimaging because of
recurrent childhood headaches has limited value; especially in
the setting of normal physical examination. The risk of radiation
exposure from CT scans is highest in the youngest age group.
WHAT THIS STUDY ADDS: This study addresses the diagnostic
utility of CT scans, in an ED setting, for children ⬍6 years of age.
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abstract
OBJECTIVE: The goal was to determine whether computed tomographic (CT) scans led to better acute care of young children with
headache presenting the emergency department (ED).
METHODS: We examined the records of 364 children 2 to 5 years of age
who presented with headache to a large urban ED between July 1, 2003,
and June 30, 2006. By reviewing initial history and examination ﬁndings, we ﬁrst identiﬁed patients with secondary headaches (ie, with
readily identiﬁable explanations such as ventriculoperitoneal shunts,
known brain tumors, or acute illnesses, such as viral syndromes, fever,
probable meningitis, or trauma). Charts for the remaining patients
were reviewed for headache history, neurologic examination ﬁndings,
laboratory and neuroimaging results, ﬁnal diagnosis, and disposition.
RESULTS: On the basis of initial history and physical examination results, 306 children (84%) had secondary headaches. For 72% of those
children, acute febrile illnesses and viral respiratory syndromes accounted for the headaches. Among the 58 children (16%) who had no
recognized central nervous system disease or systemic illness at presentation, 28% had CT scans performed. Of those, 1 scan yielded abnormal results, showing a brainstem glioma; the patient demonstrated
abnormal neurologic examination ﬁndings on the day of presentation.
For 15 (94%) of 16 patients, the CT scans did not contribute to diagnosis
or management. For 59% of children with apparently primary headaches, no family history was recorded.
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CONCLUSION: For young children presenting to the ED with headache
but normal neurologic examination ﬁndings and nonworrying history,
CT scans seldom lead to diagnosis or contribute to immediate management. Pediatrics 2009;124:e12–e17
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Headache is a common complaint,
even in early childhood. When children
with headache present to the emergency department (ED), they often are
accompanied by anxious parents who
are fearful of an ominous cause for
their child’s headache. ED physicians
have the challenging role of reassuring parents, when appropriate, while
working in a setting where a detailed
headache history, a thorough physical
examination, and knowledge of familial factors are less readily available
than in ofﬁce-based practice. Studies
investigating the cause of headaches
presenting to pediatric EDs showed
that most such visits are attributable
to common nonominous conditions,
such as upper respiratory illnesses or
migraine.1–5 None of those studies distinguished causes on the basis of age
or formally examined the utility of computed tomographic (CT) scans for
young children in the ED setting.
The prevalence of any type of headache
ranges from 37% to 51% for 7-year-old
children, gradually increasing to 57%
to 82% by 15 years of age.6–10 Most pediatric headaches not occurring in the
context of a febrile illness or trauma,
even in children ⬍6 years of age, are
primary headaches such as migraine
or tension headaches. However, migraine headaches in this age group
may not meet the usual diagnostic criteria. Furthermore, “dangerous” headaches may be more common in this
population.11 The latter group includes
possibilities such as brain tumors,
meningitis, venous sinus thrombosis,
subarachnoid hemorrhage, and other
disorders requiring prompt speciﬁc
management. The diagnostic approach to pediatric headache in very
young children is thus of great importance.
The American Academy of Neurology
practice parameter of 2002 addresses
only children with recurrent headaches, does not discuss whether its
PEDIATRICS Volume 124, Number 1, July 2009

recommendations are altered by the
age of the child, and makes no speciﬁc
recommendations about patients in
the ED setting.12 Although CT scans are
readily available and are used frequently in EDs, they are expensive,
pose a nontrivial risk of radiation exposure for children,13–15 and have
shown limited value in the evaluation
of nonemergency pediatric headaches
in cases with normal neurologic examination ﬁndings.16–20 The objectives of
this study were to describe our clinical
experience with headache in a busy urban pediatric ED and to determine
whether CT scans for young children
with headache led to better ED management, justifying the risk of radiation for the children.

METHODS
The ED records for children 2 through
5 years of age who presented to the
Children’s National Medical Center ED
between July 1, 2003, and June 30,
2006, with headache as their chief
complaint were accessed by using a
computerized billing and data entry
system. Search words for diagnosis or
chief complaint included “headache,”
“migraine,” and “cephalalgia.” The
search yielded a total of 364 patients.
The Children’s National Medical Center
is both a primary care facility for the
local population and a referral facility
for a much larger metropolitan area.
By reviewing initial history and examination ﬁndings, we ﬁrst identiﬁed
patients with known preexisting
pathologic conditions, such as ventriculoperitoneal shunts or brain tumors, and those with acute illnesses,
such as viral syndromes, fever, probable meningitis, or trauma. These patients were counted and the causes of
their secondary headaches were
noted. The charts for the remaining
patients were reviewed for headache
history, previous evaluation, family
and social history, and physical exam-

ination ﬁndings. General physical examination parameters were noted,
including vital signs at presentation.
Neurologic examination abnormalities, when found, were assigned to 1 of
the following categories: mental status, language, cranial nerves, motor,
sensory, cerebellar, gait, or reﬂexes.
These initial data were then examined
for the presence of possible “red
ﬂags” in either the history or physical
examination, such as chronic progressive pattern, acute onset of the worst
headache of the patient’s life, focal
neurologic symptoms, or headaches
or emesis on awakening. After an initial clinical impression was recorded,
the results of laboratory studies and
CT scans, when performed, were examined. Finally, we ascertained a ﬁnal
diagnostic impression and disposition
for all patients. Follow-up assessment
was attempted by searching for
records of clinic visits after ED discharge.
ED records were accessed through an
electronic database and were recorded in a set of forms specially designed with queries for this study. Data
management and analysis were accomplished by creating a Children’s
Hospital Research Information System
database. The statistical software
used was Stata 10 (Stata, College Station, TX). Fisher’s exact test and 2
tests were used in the ﬁnal analyses.

RESULTS
The Children’s National Medical Center
ED evaluated a total of 3092 patients
with headache between the ages of 2
and 18 years. ED records for 364 children, 2 through 5 years of age, were
analyzed (Fig 1). For 306 children
(84%), secondary headaches were
thought to be present, on the basis of
initial history and physical examination ﬁndings documenting a recognizable illness (often infectious) considered to be the underlying problem. An
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to the detection of intracranial pathologic conditions not suspected in the
initial clinical evaluations.

FIGURE 1
Experience with CT scans in the evaluation of headache in the pediatric ED. Only 1 child who did not
have an infectious illness or recognized brain disease at presentation had abnormal CT scan results,
and that child had worrisome history ﬁndings and abnormal neurologic examination ﬁndings on the
day of presentation. *Initial study impression based on presenting history ﬁndings, without knowledge
of CT scan results or even whether a scan had been ordered.

additional subgroup had known neurologic disorders (brain tumors, neurocutaneous syndromes, neurodegenerative diseases, or neurometabolic
diseases) or previously established
systemic diseases (congenital heart
problems, malignancy, coagulopathy,
rheumatologic diseases, or collagen
vascular disease). The remaining 58
children (16%) had no recognized
brain disease or systemic illness at
presentation.
Among the 58 children who had no recognized neurologic or systemic disease before presentation, 16 (28%) underwent CT scanning. One child’s CT
scan yielded abnormal results, showing a brainstem glioma. The child was
a 5-year-old boy with a history of worse14
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ening headaches over the past 5 days
and signiﬁcant pain on awakening,
sometimes accompanied by emesis.
Noting the escalating intensity of
symptoms, the ED physician ordered a
head CT scan, documenting a concern
regarding “increased intracranial
pressure.” This patient had abnormal
neurologic examination ﬁndings, that
is, vertical nystagmus documented by
the neurosurgeon (but not by ED personnel), on the day of presentation to
the ED. For 15 (94%) of the 16 children
who underwent CT scanning, the results were normal. The ﬁnal diagnostic
impression was not altered signiﬁcantly by the addition of the CT scans
(P ⫽ .26). Therefore, in this study, CT
scans did not contribute signiﬁcantly

We further analyzed ED records for the
58 children who had no recognizable
central nervous system or systemic
disorder at presentation, to determine
whether the 16 children (28%) who underwent CT scanning could be readily
distinguished from the 42 (72%) who
did not. Factors such as the age of the
child, physical and neurologic examination ﬁndings, and vital signs were
compared. Among the 16 children who
underwent imaging, 1 had worsening
headache, emesis, and abnormal neurologic examination results. This child
was found to have a brainstem glioma,
as described above. Fifty-seven children, including those who underwent
imaging and those who did not, had
normal examination results. The mean
age of the children who underwent CT
scanning was 4.1 years (range: 2.1–5.9
years), and the mean age of the children who did not was 4.9 years (range:
2.6 –5.9 years). Among the 16 children
who underwent CT scanning, 3 (19%)
were ⱕ3 years of age; among the 42
children who did not undergo CT scanning, 5 (12%) were ⱕ3 years of age.
Reasons for scanning, when documented as such in the chart, included
recent sinusitis for 1 child, “new”
headaches for 2 children, “posterior”
location of headache for 1 child, and
“eye-rolling spells” (presumably concerning with respect to seizures) for 1
child.
At the time of discharge from the ED, 57
patients had a ﬁnal diagnostic impression of apparently primary headache;
5 of them received a diagnosis of migraine. The remaining patients did not
have sufﬁcient history ﬁndings documented by ED personnel to permit further categorization of their primary
headache subtype. Patients with a ﬁnal
diagnosis of secondary headaches totaled 307. Table 1 presents the causes
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TABLE 1 Causes of Headache in Young
Children in the Pediatric ED
Diagnoses

n (%)

Primary headachesa
Migraine
Primary headache, unclassiﬁed
Secondary headachesa
Neurologic
Trauma
Ventriculoperitoneal shunt
Seizures
Brain tumor
Known
Newly diagnosedb
Meningitis
Otherc
Nonneurologic
Viral/respiratory/febrile illness
Chronic systemic disease
Otherd
Total

57 (15.7)
5 (8.7)
52 (91.3)
307 (84.3)
47 (15.3)
14 (4.5)
2 (0.7)
6 (2.0)
1 (0.3)
4 (1.3)
2 (0.7)
222 (72.3)
4 (1.3)
5 (1.6)
364 (100)

a Established on the basis of the ﬁnal diagnostic impressions and review of the results of CT scanning (if performed).
b The patient with a newly diagnosed brain tumor was
initially in the &quot;apparently primary&quot; group (Fig
1). Although this patient did not have a previous diagnosis
of central nervous system disease, there were suggestive
history ﬁndings and abnormal neurologic examination results on the day of presentation (see text).
c Stroke or acute demyelinating encephalomyelitis.
d Contact dermatitis of the scalp, corneal abrasion, retropharyngeal abscess, dental pain, or lymphadenitis.

of headache on the basis of the ﬁnal
diagnostic impressions.
Among the children for whom the initial diagnosis was not certain, many
charts (59%) did not include family history, an element of the evaluation that
can contribute importantly to the diagnosis for a young child with headache.
Headache history was documented for
16 (28%) of 58 patients with apparent
primary headache. Of those 16 patients, 4 reported never having headaches previously, 7 reported having
headaches sometimes, and 5 conﬁrmed having headaches often.
Follow-up information within the Children’s National Medical Center medical system was available for 43 (75%)
of 57 patients without further diagnosis of headache type at ED discharge.
Of those 43 patients, 5 were subsequently seen in the neurology clinic,
where 3 were diagnosed as having miPEDIATRICS Volume 124, Number 1, July 2009

graine, 1 headache not otherwise
speciﬁed, and 1 cyclic vomiting syndrome. The average time between the
ED visit for headache and the last follow-up visit at Children’s National Medical Center was 28 months (range:
1–59 months). Although most of the
follow-up care occurred in subspecialty clinics other than neurology,
none of the follow-up records documented the occurrence of a previously
undetected neurologic cause for headaches.

DISCUSSION
We addressed the question of beneﬁt
versus risk from head CT scans with
respect to a speciﬁc example, that is,
children of preschool age presenting
to an ED with headache. In this study,
as in those reported previously, the
overwhelming majority of acute headaches in children and adolescents
were attributable to common, minor,
transient conditions, such as upper respiratory illness or fever.1–5,21 Our
study, the largest to date and the only
one to focus exclusively on children of
preschool age, found, on the basis of
initial history and physical examination ﬁndings, that 84% of patients had
clearly identiﬁable causes for their
headaches. The spectrum of causes of
secondary headaches was similar to
ﬁndings in previous studies, consisting mostly of nonneurologic infectious
illnesses. Of the remaining 2- to 5-yearold patients who did not have a clearly
identiﬁable cause for the headache,
⬎1 in 4 underwent CT scanning; the
number may be much greater in nonpediatric EDs and in units receiving a
primarily tertiary referral population.
The only child with abnormal CT scan
results in this series would have
needed neuroimaging even if he had
not had a complaint of headache, because his history indicated several features suggesting increased intracranial pressure and he demonstrated
abnormal neurologic examination re-

sults on the day of presentation. In attempting to reconstruct the decisionmaking process of ED physicians, we
observed a tendency to order scans
for the youngest children. Given the
small numbers, formal statistical analysis was not performed.
CT scanning represents a fast reliable
means of diagnosing certain lifethreatening conditions that require
prompt intervention, notably, intracranial bleeding, tumors, and hydrocephalus. However, CT scans have limited
utility in identifying posterior fossa
pathologic conditions, cortical dysplasia, acute ischemia, cerebrovascular
abnormalities, and other subtle developmental anomalies. For children, CT
scans are ordered routinely in the ED
not only for headaches but also for various other reasons, including new-onset seizures,22 breakthrough seizures
for epilepsy patients,23 and even simple febrile seizures. In the cases of seizures, developmental delay, and genetic or metabolic encephalopathy, CT
scans not only are unhelpful but actually may reassure physicians falsely
and delay the ordering of MRI scans,
which are much more useful in these
clinical situations.
This study and others have demonstrated that the diagnostic yield of CT
scans is low for children who present
to the ED with headache, nonworrying
history, and normal neurologic examination results. Furthermore, the risks
associated with CT scanning are not
negligible. The risk of cancer from exposure to ionizing radiation is much
greater for pediatric patients14,24,25
than for older persons, for 2 principal
reasons. First, rapidly dividing and developing young tissue is more sensitive to radiation. Second, children have
a longer lifetime ahead of them during
which radiation-related cancers can
develop. For a 5-year old child who undergoes head CT scanning, the lifetime
risk of fatal cancer resulting from ra-
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diation exposure has been estimated
to be ⬃1 in 2500.14
The cost of a noncontrast CT scan at
our institution is $1361. In a time of
rapidly exploding health care costs,
cost is another reason for not ordering
this test without clear justiﬁcation.
ED physicians confronting pediatric
headache often are trained in adult
care, have no established clinical
guidelines to direct them, and work in
the presence of considerable parental
anxiety. Examination of a young child in
pain often is difﬁcult. Therefore, it is
not surprising that the diagnostic approach is guided more by a fear of being “less than complete” than by evidence-based medicine.
All previous studies, and now ours,
with this youngest population have
shown that life-threatening conditions
have demonstrable objective ﬁndings
in the neurologic examination and in
most cases also red ﬂags in the history. A previous analysis of data for
⬎3000 children with brain tumors
showed that 98% had ⱖ1 of 5 signs
(papilledema, ataxia, hemiparesis, abnormal eye movements, or depressed
reﬂexes).26 The value of a thorough
neurologic examination cannot be
overstated.
Limitations of this study include its ret-

rospective design and lack of complete
follow-up monitoring. Analysis was
limited to information in clinical
records, and it is possible that pertinent history and examination ﬁndings
were not recorded. We recognize that
we might have missed patients who
presented with headache and secondary pathologic conditions on CT scans
who were assigned a diagnosis other
than headache for the visit.
A family history of primary headaches,
especially migraine, is one of the
strongest predictors of primary headache in preschool-aged children,27,28
despite the absence to date of this factor as a criterion in published guidelines. A family history of migraine does
not guarantee that a child with a headache has not experienced intracranial
hemorrhage, for example, but it does
shift the probabilities sufﬁciently to
justify watchful waiting, rather than
immediate exposure to radiation, in
most cases. However, the majority of
children in our study did not have a
documented family history or undergo
a thorough headache history. For a
young child presenting with headache
and without any neurologic deﬁcits, a
history of migraine or headache in a
ﬁrst-degree relative provides reassurance regarding the benign nature of
the headache.

Recent concern regarding identiﬁcation of unnecessary expenditures in
medical care29 gives this study special
topicality. Taking a family headache
history often is contributory, whereas
performing head CT scanning usually
is not. CT scanning for young children
with headache is expensive, poses
risks, and usually is without beneﬁt.
Studies such as this one can contribute to recognition of medical interventions for which indications need rethinking.

CONCLUSIONS
For young children presenting to the
ED with headache but normal neurologic examination ﬁndings and nonworrying history, CT scanning seldom
leads to diagnosis or contributes to
immediate treatment. A family history
often is contributory and should be
part of the evaluation of young children with headache in the ED. CT imaging poses risk (which is greatest for
the youngest children), is expensive,
and usually is without beneﬁt.
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